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The  founding  theme  of  Linear  Technology  Corporation  was  to  create  a  company  capable  of  leading  and  directing 
linear  circuit  technology  and  design  concepts  of  the  future,  and  thus  become  the  market's  linear  specialist.  The 
Company  believes  that  the  total  IC  business  has  become  so  diverse  and  so  complex  that  a  single  company  will  have 
great  difficulty  assembling  the  engineering  talent  necessary  to  lead  in  all  areas  of  device  technology. 

Today,  the  customer  base  benefits  by  accessing  the  best  product  available  in  each  functional  area  of  the  IC  market 
from  those  vendors  who  are  at  the  leading  edge  of  performance  and  technology  as  a  result  of  their  "focused"  strategy 
approach.  The  customer  now  has  the  choice  of  acquiring  the  best  linear,  the  best  microprocessor,  the  best  memory 
products,  etc.,  by  choosing  the  best  vendor  in  each  area.  In  order  to  achieve  the  goal  of  becoming  the  market's  first 
choice  in  the  linear  area.  LTC  has  assembled  the  leading  design,  test,  product,  assembly,  quality  and  process 
engineering  talent  in  the  industry,  operating  in  what  we  feel  is  the  most  modern  linear  integrated  circuit  facility  in 
production  today. 

This  1 992  Databook  Supplement  contains  new  products  introduced  since  the  production  of  LTC's  1990Databook. 
The  offering  of  L  TC  products  has  continued  to  expand  such  that  there  are  now  over  325  basic  product  die  types  in 

the  Company. 

This  was  accomplished  by  fulfilling  our  commitment  to  advancing  the  state  of  the  art  in  high  performance  analog 
functions.  To  do  this,  LTC  developed  the  latest  in  bipolar,  LTCMOS,  micropower,  high  voltage,  high  speed  and 
complementaryprocesstechnologies.Theseproductsare  100%  fabricated  in  LTC'sstateoftheartwaferfabfacilities 
which  include  a  new  area  doubling  L  TC's  capacity.  Many  of  our  products  are  now  recognized  as  industry  standard 
products  setting  new  levels  in  the  high  performance  analog  market  for  parametric  performance  as  well  as  in 
functional  and  value  added  engineering  in  our  customers'  applications.  Simultaneously,  LTC  has  focused  on 
providing  these  new  products  with  uncompromised  quality,  reliability  and  service. 

Linear  Technology  Corporation  remains  committed  to  servicing  the  requirements  of  the  Military/Aerospace 
Marketplace.  Our  MIL-STD-883  and  SMD  (Standard  Military  Drawings)  products  are  tested  to  the  latest  revision 
requirements  of  MIL-STD-883.  The  Company  also  services  JAN  approved  devices  for  both  B  and  S  level 
requirements  as  well  as  "S"  level  source  control  drawings.  Both  commercial  and  military  outgoing  quality  levels  are 
sampled  over  temperature  with  full  lot  traceability  back  to  the  original  wafer  from  which  the  device  was  derived. 
Anew  addition  to  L  TC's  Mil/Aerospace  product  line  is  a  line  of  radiation  hardened  devices.  These  products  have 
individual  data  sheets  which  have  guaranteed  parametric  performance  limits  for  several  different  radiation  levels. 

Our  commitment  to  designing  and  developing  the  next  generation  of  high  performance  analog  technology  remains 
unchanged.  Our  goals  of  offering  the  best  in  quality,  reliability  and  service  to  our  customers  are  renewed  to  achieve 
even  higher  levels  of  performance  and  to  remain  focused  on  providing  the  highest  performance  yet  lowest  overall 
"cost  to  use"  linear  products. 

L  TC's  successes  are  indicators  of  an  acceptance  of  Linear  Technology  in  the  marketplace  over  these  last  ten  years, 
for  which  we  extend  our  sincere  thanks  and  appreciation  to  our  customers.  It  also  sets  new  goals  and  expectations 
for  our  company  to  maintain  the  technical  and  business  focus  to  meet  your  future  needs.  We  are  prepared  to  meet 
these  challenges  and  remain...  exclusively  committed  to  linear. 


Footnote:  The  original  1990  Databook  has  been  reprinted  unchanged  in  format  or  content.  Since  its  creation  some  of  the  products 
in  the  1990  Databook  have  had  some  changes  made  to  the  data  sheets  due  to  additional  package  types  such  as  surface  mount, 
extended  temperature  ranges  and  parametric  changes.  Where  possible  we  have  cross  referenced  from  the  1992  Supplement  to  the 
1990  Databook  to  indicate  these  changes. 
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LIFE  SUPPORT  POLICY 

LINEAR'S  PRODUCTS  ARE  NOT  AUTHORIZED  FOR  USE  AS  CRITICAL  COMPONENTS  IN  LIFE  SUPPORT  DEVICES  OR  SYSTEMS  WITHOUT  THE 
EXPRESS  WRITTEN  APPROVAL  OF  THE  PRESIDENT  OF  LINEAR  TECHNOLOGY  CORPORATION.  As  used  herein: 

a.  Life  support  devices  or  systems  are  devices  or  systems  which  (1)are  intended  for  surgical  implant  into  the  body,  or  (2)  support  or  sustain 
life  and  whose  failure  to  perform  when  properly  used  in  accordance  with  instructions  for  use  provided  in  the  labeling  can  be  reasonably 
expected  to  result  in  a  significant  injury  to  the  user. 

b.  A  critical  component  is  any  component  in  a  life  support  device  or  system  whose  failure  to  perform  can  be  reasonably  expected  to  cause  the 
failure  of  the  life  support  device  or  system  or  to  affect  its  safety  or  effectiveness. 

Information  furnished  herein  by  Linear  Technology  Corporation  is  believed  to  be  accurate  and  reliable.  However,  no  responsibility  is  assumed  for 
its  use.  Linear  Technology  Corporation  makes  no  representation  that  the  interconnection  of  its  circuits,  as  described  herein,  will  not  infringe  on 
existing  patent  rights. 


Linear  Technology  Corporation  •  1 630  McCarthy  Blvd.  •  Milpitas,  CA  95035  •  (408)  432-1 900  ©  Linear  Technology  Corporation  1 992  Printed  in  USA 
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L  T1057,  Dual  JFET  Input  Precision,  High  Speed  Op  Amp  '90DB  2-235 

L  T1057S/L  T1057IS,  L  T1058S/L  T1058IS,  Dual/Quad  JFET  Input  Precision  High  Speed  Op  Amps  2-41 

L  T1057S8/L  T1057IS8,  Dual  JFET  Input  Precision  High  Speed  Op  Amps  2-44 

L  T1058,  Quad  JFET  Input  Precision,  High  Speed  Op  Amp  '90DB  2-235 

LT1077,  Micropower,  Single  Supply,  Precision  Operational  Amplifier  2-45 

LT1078/LT1079,  Micropower,  Dual/Quad,  Single  Supply,  Precision  Operational  Amplifiers  2-56 

LT1097,  Low  Cost,  Low  Power  Precision  Operational  Amplifier  2-74 

LT1112/LT1114,  Dual/Quad  Low  Power  Precision,  Picoamp  Input  Operational  Amplifiers  13-43 

LT1115,  Ultra-Low  Noise,  Low  Distortion,  Audio  Operational  Amplifier  2-82 

L  T1 124/L  T1 125,  Dual/Quad  Low  Noise,  High  Speed  Precision  Operational  Amplifiers  2-94 

L  T1126/L  T1 127,  Dual/Quad  Decompensated  Low  Noise,  High  Speed  Precision  Operational  Amplifiers  2-1 05 

LT1128,  Unity  Gain  Stable  Ultra-Low  Noise  Precision  LT1028  Type  Operational  Amplifier  13-50 

LT1178/LT1179,  17/jA  Max,  Dual/Quad,  Single  Supply,  Precision  Operational  Amplifiers  2-112 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook).  _^ 
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PRECISION  OPERATIONAL  AMPLIFIERS,  ENHANCED  AND  SECOND  SOURCE 

LF155/LF355,  JFET  Input  Op  Amp,  Low  Supply  Current  '90DB  2-271 

LF155A/LF355A,  JFET  Input  Op  Amp,  Low  Supply  Current  '90DB  2-271 

LF156/LF356,  JFET  Input  Op  Amp,  High  Speed  '90DB  2-271 

LF156A/LF356A,  JFET  Input  Op  Amp,  High  Speed  '90DB  2-271 

LF412A,  Dual  Precision  JFET  Input  Op  Amp  '90DB  2-275 

LH2108A,  Dual  LM108  Op  Amp  '90DB  2-279 

LM10/B(L)/C(L),  Low  Power  Op  Amp  and  Reference  '90DB  2-281 

LM101A/LM301A,  Uncompensated  General  Purpose  Op  Amp  '90DB  2-297 

LM107/LM307,  Compensated  General  Purpose  Op  Amp  '90DB  2-297 

LM1 08/LM308,  Super  Gain  Op  Amp  '90DB  2-303 

LM1 08A/LM308A,  Super  Gain  Op  Amp  '90DB  2-303 

LM118/LM318,  High  Slew  Rate  Op  Amp  '90DB  2-311 

LM318S8,  High  Speed  Op  Amp  '90DB  2-319 

LT118A/LT318A,  Improved  LM11 8  Op  Amp  '90DB  2-311 

OP-05,  Internally  Compensated  Op  Amp  '90DB  2-321 

OP-07,  Precision  Op  Amp  '90DB  2-329 

OP-07CS8,  Precision  Op  Amp  '90DB  2-337 

OP-1 5,  Precision,  High  Speed  JFET  Input  Op  Amp  '90DB  2-341 

OP-16,  Precision,  High  Speed  JFET  Input  Op  Amp  '90DB  2-341 

OP-27,  Low  Noise,  Precision  Op  Amp  '90DB  2-345 

OP-37,  Low  Noise,  High  Speed  Op  Amp  '90DB  2-345 

OP-215,  Dual  Precision  JFET  Input  Op  Amp  '90DB  2-275 

OP-227,  Dual  Matched,  Low  Noise  Op  Amp  '90DB  2-357 

OP-237,  Dual  High  Speed,  Low  Noise  Op  Amp  '90DB  2-357 

OP-270/OP-470,  Dual/Quad  Low  Noise,  Precision  Operational  Amplifiers  2-120 

HIGH  SPEED  AMPLIFIERS   2-125 

L  T1190,  Ultra  High  Speed  Operational  Amplifier  (Av>1)  2-1 26 

LT1191,  Ultra  High  Speed  Operational  Amplifier  (Av>  1)  2-137 

LT1192,  Ultra  High  Speed  Operational  Amplifier  (Av>  5)  2-148 

LT1193,  Video  Difference  Amplifier,  Adjustable  Gain  2-159 

LT1194,  Video  Difference  Amplifier,  Gain  of  10  2-171 

L  T1200,  Low  Power  High  Speed  Operational  Amplifier  2-1 82 

L  T1217,  Low  Power  High  Speed  Current  Feedback  Amplifier  2-1 90 

LT122D,  Very High  Speed  Operational  Amplifier (Av>  1)  2-198 

L 11221,  Very  High  Speed  Operational  Amplifier  (Av>4)  2-210 

LT1222,  Low  Noise,  Very  High  Speed  Operational  Amplifier  (Av>  10)  2-218 

L 11223,  100MHz  Current  Feedback  Amplifier  2-226 

LT1224,  Very  High  Speed  Operational  Amplifier  (Av>  1)  2-237 

LT1225,  Very  High  Speed  Operational  Amplifier  (Av>  5)  2-245 

L 11220,  Low  Noise  Very  High  Speed  Operational  Amplifier  (Av>25)  2-253 

LT1227,  140MHz  Video  Current  Feedback  Amplifier  13-65 

L 11220,  100MHz  Current  Feedback  Amplifier  with  DC  Gain  Control  2-261 

LT1229/LT1230,  Dual  and  Quad  100MHz  Current  Feedback  Amplifiers  2-280 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTCs  1990  Databook).  
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ZERO  DRIFT  OPERATIONAL  AMPLIFIERS  2-291 

L  TC1047,  Dual  Micropower  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-292 

L  TC1049,  Low  Power  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-299 

LTC1050,  Precision  Zero  Drift  Op  Amp  with  Internal  Capacitors  '90DB  2-1 81 

L  TC1051A  TC1053,  Dual/Quad  Precision  Zero  Drift  Operational  Amplifiers  with  Internal  Capacitors  2-306 

LTC1052,  Zero  Drift  Op  Amp  '90DB  2-1 97 

LTC1052CS,  Zero  Drift  Op  Amp  '90DB  2-217 

LTC1150,  +15VZero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-321 

LTC1151,  Dual '  15V  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  13-56 

L  TC1250,  Very  Low  Noise  Zero  Drift  Bridge  Amplifier  1 3-80 

ZERO  DRIFT  OPERATIONAL  AMPLIFIERS,  ENHANCED  UNO  SECOND  SOURCE 
LTC7652,  Chopper  Stabilized  Op  Amp  '90DB  2-197 

SECTION  3— INSTRUMENTATION  AMPLIFIERS 

INDEX  3-2 

SELECTION  GUIDE  3-3 

PROPRIETARY  PRODUCTS 

L  TC1043,  Dual  Instrumentation  Switched  Capacitor  Building  Block  '90DB  11-15 

LTC1100,  Precision,  Zero  Drift  Instrumentation  Amplifier  3-4 

LT1W1,  Precision,  Micropower,  Single  Supply  Instrumentation  Amplifier  (Fixed  Gain  =  10  or  100)  3-11 

LT1102,  High  Speed,  Precision,  JFET Input  Instrumentation  Amplifier  (Fixed  Gain  =  10  or  100)  3-23 

LT1193,  Video  Difference  Amplifier,  Adjustable  Gain  2-159 

LT1194,  Video  Difference  Amplifier,  Gain  of  10  2-171 

SECTION  4— POWER  PRODUCTS 

INDEX  4-2 

SELECTION  GUIDES   4-3 

PROPRIETARY  PRODUCTS 

INDUCTORLESS  DC  TO  DC  CONVERTERS   4-15 

L  T1026,  Voltage  Converter  '90DB  5-3 

L  TC1 044/7660,  Switched  Capacitor  Voltage  Converter  '90DB  5-9 

LTC1044CS8,  Switched  Capacitor  Voltage  Converter  '90DB  5-21 

LTC1046,  50mA  Switched  Capacitor  Voltage  Converter  4-16 

L  T1054,  Switched  Capacitor  Voltage  Converter  with  Regulator  '90DB  5-23 

L  T1054CS/L  T1054IS,  Switched  Capacitor  Voltage  Converter  with  Regulator  '90DB  5-35 

HIGH  SIDE  SWITCHES  4-25 

L  T1089,  High  Side  Switch  '90DB  1 1  -45 

LTC1155,  Dual  High  Side  Micropower  N-Channel  MOSFET Driver  with  Internal  Charge  Pump  4-26 

LTC1 156,  Quad  High  Side  Micropower  N-Channel  MOSFET  Driver  with  Internal  Charge  Pump  4-41 

LT1188,  1.5A  High  Side  Switch  4-48 

LINEAR  REGULATORS  4-55 

L  T1003,  5  Volt,  5  Amp  Voltage  Regulator  '90DB  4-9 

L  T1005,  Logic  Controlled  Regulator  '90DB    4-1 7 

L  T1020,  Micropower  Regulator  and  Comparator  '90DB  4-29 

LT1020CS,  Micropower  Regulator  and  Comparator  '90DB  4-45 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook). 

X7TBBS  7 


TABLE  OF  CONTENTS 


LT1033,  3A  Negative  Adjustable  Regulator  '90DB  4-49 

L  T1035,  Logic  Controlled  Regulator  '90DB  4-57 

L  T1036,  Logic  Controlled  Regulator  '90DB  4-69 

L  T1038,  10  Amp  Positive  Adjustable  Voltage  Regulator  '90DB  4-77 

L  T1083,  7.5A  Low  Dropout  Positive  Adjustable  Regulator  '90DB  4-89 

L  T1083-5,  7.5A  Low  Dropout  Positive  Fixed  5V  Regulator  '90DB  4-1 01 

LT1083-12,  7.5A  Low  Dropout  Positive  Fixed  12V  Regulator  '90DB  4-101 

L  T1084,  5A  Low  Dropout  Positive  Adjustable  Regulator  '90DB  4-89 

L  T1084-5,  5A  Low  Dropout  Positive  Fixed  5V  Regulator  '90DB  4-1 01 

LT1084-12,  5A  Low  Dropout  Positive  Fixed  12V  Regulator  '90DB  4-101 

L  T1085,  3A  Low  Dropout  Positive  Adjustable  Regulator  '90DB  4-89 

LT1085-5,  3A  Low  Dropout  Positive  Fixed  5V  Regulator  '90DB  4-101 

LT1085-12,  3A  Low  Dropout  Positive  Fixed  12V  Regulator  '90DB  4-101 

LT1086,  1.5A  Low  Dropout  Positive  Adjustable  Regulator  '90DB  4-1 1 3 

LT1086-5,  1.5A  Low  Dropout  Positive  Fixed  5V  Regulator  '90DB  4-113 

LT1086-12,  1.5A  Low  Dropout  Positive  Fixed  12V  Regulator  '90DB  4-113 

L  T1087,  Adjustable  Low  Dropout  Regulator  with  Kelvin-Sense  Inputs  4-56 

LT1117,  800mA  Low  Dropout  Positive  Regulators;  Adjustable  and  Fixed 2.85V,  5V  4-63 

LT1 120,  Micropower  Regulator  with  Comparator  and  Shutdown  '90DB  4-1 25 

LT1121-5,  Micropower  Low  Dropout  Regulator  13-46 

LT1123,  5V  Low  Dropout  Regulator  Driver  4-75 

LT1123-2.85,  Low  Dropout  Regulator  Driver  for  SCSI-2  Active  Termination  13-48 

L  11 185,  Low  Dropout  Regulator  with  Adjustable  Current  Limit  4-86 

LINEAR  REGULATORS,  ENHANCED  AND  SECOND  SOURCE 

LM117/LM317,  Positive  Adjustable  Regulator  '90DB  4-137 

LT117A/LT317A,  Improved  LM1 17  '90DB  4-137 

LM117HW  LM317HV,  High  Voltage  Positive  Adjustable  Regulator  '90DB  4-145 

LT11 7AHV/L 13 17AHV,  Improved  LM117HV  '90DB  4-145 

LM123/LM323,  5  Volt,  3  Amp  Regulator  '90DB  4-149 

L T123A/L T323A,  Improved  LM1 23  '90DB  4-149 

LM137/LM337,  Negative  Adjustable  Regulator  '90DB  4-157 

L  T137A./L  7337 A,  Improved  LM137  '90DB  4-1 57 

LM137HV/LM337HV,  High  Voltage  Negative  Adjustable  Regulator  '90DB  4-165 

L T137AHV/L  T337AHV,  Improved  LM137HV  '90DB  4-165 

LM138/LM338,  5  Amp  Positive  Adjustable  Regulator  '90DB  4-169 

LT138A/LT338A,  Improved LM138  '90DB  4-169 

LM150/LM350,  3  Amp  Positive  Adjustable  Regulator  '90DB  4-177 

LT150A/LT350A,  Improved LM1 50  '90DB  4-177 

POWER  AND  MOTOR  CONTROL   4-101 

L  11 158,  Halt  Bridge  N-Channel  Power  MOSFET  Driver  4-102 

LT1241-45,  High  Speed  Current  Mode  Pulse  Width  Modulators  4-122 

LT1246, 1MHz  Off-Line  Current  Mode  PWM  4-134 

L 11432,  5V  High  Efficiency  Step-Down  Switching  Regulator  Controller  4-1 45 

POWER  AND  MOTOR  CONTROL,  ENHANCED  AND  SECOND  SOURCE 

SG1524/SG3524,  Regulating  Pulse  Width  Modulators  '90DB  5-85 

SG3524S,  Regulating  Pulse  Width  Modulator  '90DB  5-93 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('900B  =  LTC's  1990  Databook).  
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LT1524/LT3524,  Regulating  Pulse  Width  Modulators  '90DB  5-85 

SG1 525A/SG3525A,  Regulating  Pulse  Width  Modulators  '90DB  5-97 

LT1525A/LT3525A,  Regulating  Pulse  Width  Modulators  '90DB  5-97 

LT1526/LT3526,  Regulating  Pulse  Width  Modulators  '90DB  5-105 

SG1 527A/SG3527A,  Regulating  Pulse  Width  Modulators  '90DB  5-97 

LT1527A/LT3527A,  Regulating  Pulse  Width  Modulators  '90DB  5-97 

LT1846/LT1847,  Current  Mode  PWM  Controller  '90DB  5-113 

LT3846/LT3847,  Current  Mode  PWM  Controller  '90DB  5-113 

SWITCHING  REGULATORS  4-173 

111070,  SA  High  Efficiency  Switching  Regulator  '90DB  5-37 

LT1071, 2.5A  High  Efficiency  Switching  Regulator  '90DB  5-37 

LT1072,  1.25A  High  Efficiency  Switching  Regulator  '90DB  5-49 

LT1073,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V  4-174 

LT1074/LT1076,  Step-Down  Switching  Regulator  4-193 

LT1 076-5,  5V Step-Down  Switching  Regulator  4-208 

LT1082,  1A  High  Voltage  High  Efficiency  Switching  Regulator  13-29 

LT1103/LT110S,  Off-line  Switching  Regulator  4-211 

LT1108,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V  13-37 

LT1109,  Flash  Memory  Vpp  Generator/Low  Cost  DC-to-DC  Converter  4-238 

L  T1 109 A,  Micropower  Low  Cost  DC-to-DC  Converter  Adjustable  and  Fixed  5V,  12V  1 3-41 

LT1110,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V,  High  Frequency  4-245 

LTffll,  Micropower  DC-to-DC  Converter  Adjustable  and  Fixed  5V,  12V,  High  Frequency  4-260 

LT1129-2.85,  LT1129-3.3,  LT1129-S,  500mA  Low  Iq  Low  Dropout  Regulator  13-51 

LT1170,  5A  High  Efficiency  100kHz  Switching  Regulator  '90DB  5-61 

LT1171,  2.5A  High  Efficiency  100kHz  Switching  Regulator  '90DB  5-61 

LT1172,  1.25A  High  Efficiency  100kHz  Switching  Regulator  '90DB  5-73 

LT1173,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V  4-275 

LT1270AT1270A,  8A  and  10A  High  Efficiency  Switching  Regulators  4-290 

LT1271,  4A  High  Efficiency  Switching  Regulator  13-88 

SECTION  5— INTERFACE 

INDEX  5-2 

SELECTION  GUIDES   5-3 

PROPRIETARY  PRODUCTS 

LTC485,  Low  Power  RS485  Interface  Transceiver  5-6 

L  TC486,  Quad  Low  Power  RS485  Driver  5-16 

L  TC487,  Quad  Low  Power  RS485  Driver  5-24 

L  TC488,  Quad  RS485  Line  Receiver  13-3 

LTC489,  Quad  RS485  Line  Receiver  13-12 

LTC490,  Low  Power  RS485  Interface  Transceiver  5-32 

LTC491,  Low  Power  RS485  Interface  Transceiver  5-40 

L  T1030,  Quad  Low  Power  Line  Driver  '90DB  10-5 

L  T1030CS,  Quad  Low  Power  Line  Driver  '90DB    1 0-9 

L  T1032,  Quad  Low  Power  Line  Driver  '90DB  1 0-1 1 

LT1039,  RS232  Driver/Receiver  with  Shutdown  '90DB  1 0-1 9 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook).  
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L  TC1045,  Programmable  Micropower  Hex  Translator/Receiver/Driver  '90DB  1 0-27 

L  T1080,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  '90DB  1 0-43 

L  T1081,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  '90DB  1 0-43 

L  T1080CS/L  T1081CS,  5V  Powered  RS232  Driver/Receiver  with  Shutdown  '90DB  10-51 

L  T1 130,  5-Driver/5-Receiver  RS232  Transceiver  '90DB  1 0-55 

LT1131,  5-Driver/4-Receiver  RS232  Transceiver  with  Shutdown  '90DB  10-55 

L  T1 132,  5-Driver/3-Receiver  RS232  Transceiver  '90DB  1 0-55 

L  T1 133,  3-Driver/5-Receiver  RS232  Transceiver  '90DB  1 0-55 

L  T1 134,  4-Driver/4-Receiver  RS232  Transceiver  '90DB  10-55 

L  T1 135,  5-Driver/3-Receiver  RS232  Transceiver  without  Charge  Pump  '90DB  1 0-55 

L  T1 136,  4-Driver/5-Receiver  RS232  Transceiver  with  Shutdown  '90DB  1 0-55 

L  T1 137,  3-Driver/5-Receiver  RS232  Transceiver  with  Shutdown  '90DB  1 0-55 

LT1137A,  Advanced  Low  Power  5V RS232  Transceiver  with  Small  Capacitors  13-52 

L  T1 138,  5-Driyer/3-Receiver  RS232  Transceiver  with  Shutdown  '90DB  1 0-55 

L  T1 139,  4-Driver/4-Receiver  RS232  Transceiver  with  Shutdown  '90DB  10-55 

L  T1 140,  5-Driver/3-Receiver  RS232  Transceiver  without  Charge  Pump  '90DB  1 0-55 

LT1141,  3-Driver/5-Receiver  RS232  Transceiver  without  Charge  Pump  '90DB  10-55 

L  T1 180,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  with  Small  Capacitors  '90DB  1 0-67 

L  T1 181,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  with  Small  Capacitors  '90DB  1 0-67 

L 11237,  5V  RS232  Transceiver  with  Advanced  Power  Management  and  One  Receiver  Active  in  SHUTDOWN  13-76 

L  T1280,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  '90DB  1 0-75 

L  T1281,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  '90DB  1 0-75 

LT1330,  5VRS232  Transceiver  with  3V  Logic  Interface  and  One  Receiver  Active  in  SHUTDOWN  13-99 

LTC1485,  High  Speed  RS485  Interface  Transceiver  13-103 


SECTION  6— DATA  CONVERSION 

INDEX  6-2 

SELECTION  GUIDES   6-3 

PROPRIETARY  PRODUCTS 

L  TC1090,  Single  Chip  10-Bit  Data  Acquisition  System  '90DB  9-5 

LTC1091,  1 -Channel,  10-Bit  Serial  I/O  Data  Acquisition  System  '90DB  9-29 

L  TC1092,  2-Channel,  10-Bit  Serial  I/O  Data  Acquisition  System  '90DB  9-29 

L  TC1093,  6-Channel,  10-Bit  Serial  I/O  Data  Acquisition  System  '90DB  9-29 

LTC1094,  8-Channel,  10-Bit  Serial  I/O  Data  Acquisition  System  "90DB  9-29 

LTC1095,  Complete  10-Bit  Data  Acquisition  System  with  On  Board  Reference  '90DB  9-57 

LTC1096ATC1098,  Micropower,  Sampling  8-Bit  Serial  I/O  A/D  Converters  13-33 

LTC1099,  High  Speed  8-Bit  A/D  Converter  with  Built-in  Sample-and-Hold  '90DB  9-81 

LTC119B/LTC1198,  8-Bit,  600ns,  1.3MHz  Sampling  A/D  Converters  13-64 

LTC1272,  12-Bit,  3ns,  250kHz  Sampling  A/D  Converter  6-6 

LTC1287,  3 V  Single  Chip  12-Bit  Data  Acquisition  System  6-25 

LTC1289,  3 V  Single  Chip  12-Bit  Data  Acquisition  System  6-40 

LTC1290,  Single  Chip  12-Bit  Data  Acquisition  System  6-67 

L  TC1291,  Single  Chip  12-Bit  Data  Acquisition  System  1 3-92 

LTC1292,  Single  Chip  12-Bit  Data  Acquisition  System  6-94 

LTC1293/LTC1294/LTC1296,  Single  Chip  12-Bit  Data  Acquisition  System  6-113 


Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Dalabook  ('90DB  <■  LTC's  1990  Databook). 
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SECOND  SOURCE  PRODUCTS 

LF1 98A/LF398A,  Precision  Sample  and  Hold  Amplifier  '90DB  9-97 

LF198/LF398,  Precision  Sample  and  Hold  Amplifier    

'90DB  9-97 

LF398S8,  Precision  Sample  and  Hold  Amplifier  '90DB  9-113 

SECTION  7— VOLTAGE  REFERENCES 

INDEX  7-2 

SELECTION  GUIDES  ■  ■  7-3 

PROPRIETARY  PRODUCTS 

L  TZ1000,  Ultra  Precision  Reference  '90DB  3-9 

L  TZ1000A,  Ultra  Precision  Reference  '90DB  3-9 

LT1004,  Micropower  Voltage  Reference  '90DB  3-17 

LT1004CS8-1.2/LT1004CS8-2.5,  Micropower  Voltage  References  '90DB  3-25 

LT1009  Series,  2.5  Volt  Reference  '90DB  3-27 

LT1009S8,  2.5  Volt  Reference  '90DB  3-31 

LT1019,  2.5V,  4.5V,  5.0V,  10.0V,  Precision  References  '90DB  3-33 

LT1021,  5.0V,  7.0V,  10.0V,  Precision  References  '90DB  3-41 

LT1021DCS8,  5.0V,  7.0V,  10.0V,  Precision  References  '90DB  3-57 

LT1027,  Precision  5V Reference  7-6 

LT1029,  5VBandgap  Reference  '90DB  3-61 

LT1031,  Precision  10V Reference  '90DB  3-65 

LT1 034-1. 2/LT1 034-2.5,  Micropower  Dual  Reference  '900B  3-77 

LT1034CS8-1.2/LT1034CS8-2.5,  Micropower  Dual  Reference  '90DB  3-81 

LT1431,  Programmable  Reference   •  -  •    7-13 

SECOND  SOURCE  PRODUCTS 

LH0070,  Precision  1 0V  Reference  '90DB  3-65 

LM1 29/LM329,  6.9V  Precision  Voltage  Reference  '90DB  3-83 

LM134  Series,  Constant  Current  Source  and  Temperature  Sensor  '90DB  3-87 

LM334S8,  Constant  Current  Source  and  Temperature  Sensor  '90DB  3-99 

LM136-2.5/LM336-2.5,  2.5  Volt  Reference  '90DB  3-101 

LM1 85-1 .2/LM385-1 .2,  Micropower  Voltage  Reference  '90DB  3-1 05 

LM1 85-2.5/LM385-2.5,  Micropower  Voltage  Reference  '90DB  3-1 09 

LM385S8-1.2/LM385S8-2.5,  Micropower  Voltage  Reference  '90DB  3-113 

LM199/LM399/LM199A/LM399A,  Precision  Reference  '90DB  3-115 

LT580,  Precision  Reference  '90DB  3-121 

LT581,  Precision  Reference  '90DB  3-121 

REF-01/REF-02,  Precision  Voltage  References  '90DB  3-125 

SECTION  8— MONOLITHIC  FILTERS 
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PROPRIETARY  PRODUCTS 

LTC1059,  High  Peformance  Switched  Capacitor  Universal  Filter  '90DB  7-3 

L  TC1059CS,  High  Performance  Switched  Capacitor  Universal  Filter  '90DB    7-1 1 

L  TC1060,  Universal  Dual  Filter  Building  Block  '90DB    7-1 5 
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LTC1061,  High  Performance  Triple  Universal  Filter  Building  Block  '90DB  7-39 
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L  TC1062,  5th  Order  Lowpass  Filter  '90DB  7-59 

LTC1062CS,  5th  Order  Lowpass  Filter  '90DB  7-71 

LTC1063.  Low  Offset,  Clock  Tunable  5th  Order  Butterworth  Lowpass  Filter  13-21 

LTC1064,  LowNoise,  Fast,  Quad  Universal  Filter  Building  Block  '90DB  7-73 

LTC1064-1,  Low  Noise,  8th  Order,  Clock  Sweepable  Elliptic  Lowpass  Filter  '90DB  7-89 

LTC1064-2,  LowNoise,  High  Frequency,  8th  Order  Butterworth  Lowpass  Filter  8-5 

L  TC1 064-3,  Low  Noise,  High  Frequency,  8th  Order  Linear  Phase  Lowpass  Filter  8-13 

LTC1 064-4,  LowNoise,  8th  Order,  Clock  Sweepable  Cauer  Lowpass  Filter  8-21 

LTC1064-7/LTC1164-7/LTC1264-7,  Linear  Phase,  Group  Delay  Equalized,  8th  Order  Lowpass  Filters  13-25 

LTC1164,  Low  Power,  LowNoise,  Quad  Universal  Filter  Building  Block  8-29 

L  TC1 164-5,  Low  Power,  Clock  Tunable  8th  Order  Butterworth  Lowpass  Filter  1 3-58 

LTC1164-6,  LowPower,  Clock  Tunable  8th  Order  Elliptic  Lowpass  Filter  13-62 

LTC1264-7,  Linear  Phase,  Group  Delay  Equalized,  8th  Order  Lowpass  Filter  13-84 

SECTION  9— MICROPROCESSOR  SUPERVISORY  CIRCUITS 
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SELECTION  GUIDE  9-3 

PROPRIETARY  PRODUCTS 

LTC690ATC69UTC694/LTC695,  Microprocessor  Supervisory  Circuits   ■   9-4 

L  TC699,  Microprocessor  Supervisory  Circuit  9-18 

LTC1232,  Microprocessor  Supervisory  Circuit  9-22 
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SELECTION  GUIDES  10-3 

PROPRIETARY  PRODUCTS 
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LT1015,  High  Speed  Dual  Line  Receiver  10-4 
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L  TC201A/L  TC202/L  TC203,  Micropower,  Low  Charge  Injection,  Quad  CMOS  Analog  Switches  11-4 

/.  TC221/L  TC222,  Micropower,  Low  Charge  Injection,  Quad  CMOS  Analog  Switches  with  Data  Latches  11-15 

L  T1025,  Micropower  Thermocouple  Cold  Junction  Compensator  '90DB  11-7 

L  TC1043,  Dual  Precision  Instrumentation  Switched  Capacitor  Building  Block  '90DB  11-15 

L  TC1043CS,  Dual  Precision  Instrumentation  Switched  Capacitor  Building  Block  '90DB  11  -31 

L  T1088,  Wideband  RMS-DC  Converter  Building  Block  '90DB  11  -33 
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Extended  Temperature  Range-200°C  Products  '90DB  13-74 

LF1 55,  JFET  Input  Op  Amp,  Low  Supply  Current  '90DB  2-271 

LF155A,  JFET  Input  Op  Amp,  Low  Supply  Current  "90DB  2-271 

LF1 56,  JFET  Input  Op  Amp,  High  Speed  '90DB  2-271 

LF1 56A,  JFET  Input  Op  Amp,  High  Speed  '90DB  2-271 

LF1 98,  Precision  Sample  and  Hold  Amplifier  '90DB  9-97 

LF1 98A,  Precision  Sample  and  Hold  Amplifier  '90DB  9-97 

LF355,  JFET  Input  Op  Amp,  Low  Supply  Current  '90DB  2-271 

LF355A,  JFET  Input  Op  Amp,  Low  Supply  Current  '90DB  2-271 

LF356,  JFET  Input  Op  Amp,  High  Speed  '90DB  2-271 

LF356A,  JFET  Input  Op  Amp,  High  Speed  '90DB  2-271 

LF398,  Precision  Sample  and  Hold  Amplifier  '90DB  9-97 

LF398A,  Precision  Sample  and  Hold  Amplifier  '90DB  9-97 

LF398S8,  Precision  Sample  and  Hold  Amplifier  '90DB  9-1 1 3 

LF412A,  Dual  Precision  JFET  Input  Op  Amp  '90DB  2-275 

LH0070,  Precision  1 0V  Reference  '90DB  3-65 

LH21 08A,  Dual  LM1 08  Op  Amp  '90DB  2-279 

LM10,  Low  Power  Op  Amp  and  Reference  '90DB  2-281 

LM10B,  Low  Power  Op  Amp  and  Reference  '90DB  2-281 

LM10BL,  Low  Power  Op  Amp  and  Reference  '90DB  2-281 

LM10C,  Low  Power  Op  Amp  and  Reference  '90DB  2-281 

LM1 OCL,  Low  Power  Op  Amp  and  Reference  '90DB  2-281 

LM101A,  Uncompensated  General  Purpose  Op  Amp  '90DB  2-297 

LM1 07,  Compensated  General  Purpose  Op  Amp  '90DB  2-297 

LM1 08,  Super  Gain  Op  Amp  '90DB  2-303 

LM1 08A,  Super  Gain  Op  Amp  '90DB  2-303 

LM111,  Voltage  Comparator  '90DB  6-85 

LM117,  Positive  Adjustable  Regulator  '90DB  4-137 

LM117HV,  High  Voltage  Positive  Adjustable  Regulator  '90DB  4-145 

LM1 1 8,  High  Slew  Rate  Op  Amp  '90DB  2-311 

LM119,  Dual  Comparator  '90DB  6-93 

LM123,  5  Volt,  3  Amp  Regulator  '90DB  4-149 

LM1 29,  6.9V  Precision  Voltage  Reference  '90DB  3-83 

LM1 34  Series,  Constant  Current  Source  and  Temperature  Sensor  '90DB  3-87 

LM1 36-2.5,  2.5  Volt  Reference  '90DB  3-101 

LM1 37,  Negative  Adjustable  Regulator  '90DB  4-1 57 

LM137HV,  High  Voltage  Negative  Adjustable  Regulator  '90DB  4-165 

LM138,  5  Amp  Positive  Adjustable  Regulator  '90DB  4-169 

LM1 50,  3  Amp  Positive  Adjustable  Regulator  '90DB  4-1 77 

LM185-1.2,  Micropower  Voltage  Reference  '90DB  3-105 

LM1 85-2.5,  Micropower  Voltage  Reference  '90DB  3-109 

LM199,  Precision  Reference  '90DB  3-115 

LM199A,  Precision  Reference  '90DB  3-115 

LM301A,  Uncompensated  General  Purpose  Op  Amp  '90DB  2-297 

LM307,  Compensated  General  Purpose  Op  Amp  '90DB  2-297 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTCs  1990  Databook  ('90DB  =  LTCs  1990  Databook).  
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LM308,  Super  Gain  Op  Amp  '90DB  2-303 

LM308A,  Super  Gain  Op  Amp  '90DB  2-303 

LM31 1 ,  Voltage  Comparator  '90DB  6-85 

LM317,  Positive  Adjustable  Regulator  '90DB  4-137 

LM317HV,  High  Voltage  Positive  Adjustable  Regulator  '90DB  4-145 

LM318,  High  Slew  Rate  Op  Amp  '90DB  2-311 

LM318S8,  High  Speed  Op  Amp  '90DB  2-319 

LM31 9,  Dual  Comparator  '90DB  6-93 

LM323,  5  Volt,  3  Amp  Regulator  '90DB  4-149 

LM329,  6.9V  Precision  Voltage  Reference  '90DB  3-83 

LM334S8,  Constant  Current  Source  and  Temperature  Sensor  '90DB  3-99 

LM336-2.5,  2.5  Volt  Reference  '90DB  3-1 01 

LM337,  Negative  Adjustable  Regulator  '90DB  4-157 

LM337HV,  High  Voltage  Negative  Adjustable  Regulator  '90DB  4-165 

LM338,  5  Amp  Positive  Adjustable  Regulator  '90DB  4-169 

LM350,  3  Amp  Positive  Adjustable  Regulator  '90DB  4-177 

LM385-1 .2,  Micropower  Voltage  Reference  '90DB  3-105 

LM385-2.5,  Micropower  Voltage  Reference  '90DB  3-109 

LM385S8-1 .2,  Micropower  Voltage  Reference  '90DB  3-113 

LM385S8-2.5,  Micropower  Voltage  Reference  '90DB  3-113 

LM399,  Precision  Reference  '90DB  3-115 

LM399A,  Precision  Reference  '90DB  3-115 

L  T1 1 1A,  Improved  LM111  '90DB  6-85 

LT117A,  Improved LM11 7  '90DB  4-137 

LT117AHV,  Improved  LM117HV  '90DB  4-145 

LT1 18A,  Improved  LM1 18  Op  Amp  '90DB  2-31 1 

L  T1 19A,  Improved  LM119  '90DB  6-93 

LT123A,  Improved  LM1 23  '90DB  4-149 

L  T137A,  Improved  LM137  '90DB  4-1 57 

LT137AHV,  Improved  LM137HV  '90DB  4-165 

L  T138A,  Improved  LM138  '90DB  4-1 69 

L  T150A,  Improved  LM150  '90DB  4-1 77 

LTC201A,  Micropower,  Low  Charge  Injection,  Quad  CMOS  Analog  Switch  11-4 

LTC202,  Micropower,  Low  Charge  Injection,  Quad  CMOS  Analog  Switch  11-4 

LTC203,  Micropower,  Low  Charge  Injection,  Quad  CMOS  Analog  Switch  11-4 

LTC221,  Micropower,  Low  Charge  Injection,  Quad  CMOS  Analog  Switch  with  Data  Latches  11-15 

LTC222,  Micropower,  Low  Charge  Injection,  Quad  CMOS  Analog  Switch  with  Data  Latches  11-15 

LT311A,  Improved LM111  '90DB  6-85 

LT317A,  Improved LM11 7  '90DB  4-137 

LT317AHV,  Improved LM117HV  '90DB  4-145 

LT318A,  Improved  LM1 18  Op  Amp  '90DB  2-311 

L  T3 19A,  Improved  LM119  '90DB  6-93 

LT323A,  Improved  LM1 23  '90DB  4-149 

LT337A,  Improved  LM137  '90DB  4-157 

LT337AHV,  Improved  LM137HV  '90DB  4-165 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook).  
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LT338A,  Improved LM138    ■■  •    '90DB  4-169 

LT350A,  Improved LM1 50  '90DB  4-177 

LTC485,  Low  Power  RS485  Interface  Transceiver  5-6 

L  TC486,  Quad  Low  Power  RS485  Driver  5-16 

LTC487,  Quad  Low  Power  RS485  Driver  5-24 

LTC488,  Quad  RS485  Line  Receiver   ■  ■■  ••   13-3 

L  TC489,  Quad  RS485  Line  Receiver  13-12 

LTC490,  Low  Power  RS485  Interface  Transceiver  5-32 

LTC491,  Low  Power  RS485  Interface  Transceiver  5-40 

LT580,  Precision  Reference  '90DB  3-121 

LT581 ,  Precision  Reference  '90DB  3-121 

LT685,  High  Speed  Comparator  '90DB  6-5 

L  TC690,  Microprocessor  Supervisory  Circuit  9-4 

L  TC691,  Microprocessor  Supervisory  Circuit  9-4 

L  TC694,  Microprocessor  Supervisory  Circuit  9-4 

L  TC695,  Microprocessor  Supervisory  Circuit  9-4 

L  TCB99,  Microprocessor  Supervisory  Circuit  9-18 

L  T1001,  Precision  Op  Amp  '90DB  2-11 

L  T1001CS8,  Precision  Op  Amp  '90DB  2-23 

L  T1002,  Dual,  Matched  Precision  Op  Amp  '90DB  2-25 

LT1003,  5  Volt,  5  Amp  Voltage  Regulator  '90DB  4-9 

L  T1004,  Micropower  Voltage  Reference  '90DB  3-17 

LT1004CS8-1.2,  Micropower  Voltage  Reference  '90DB  3-25 

L  T1004CS8-2.5,  Micropower  Voltage  Reference  '90DB  3-25 

LT1005,  Logic  Controlled  Regulator  '90DB    4-1 7 

L  T1006,  Precision,  Single  Supply  Op  Amp  '90DB  2-41 

L  T1006S8,  Precision,  Single  Supply  Op  Amp  '900B  2-53 

L  T1007,  Low  Noise,  High  Speed  Precision  Op  Amp  '90DB  2-57 

L  T1007CS,  Low  Noise,  High  Speed  Precision  Op  Amp  '90DB  2-69 

LT1007CS8.  Low  Noise,  High  Speed  Precision  Operational  Amplifier  2-16 

L  T1008,  Picoamp  Input  Current,  Microvolt  Offset,  Low  Noise  Op  Amp  '90DB  2-73 

LT1009  Series,  2.5  Volt  Reference  '90DB  3-27 

L  T1009S8, 2.5  Volt  Reference  '90DB  3-31 

LT1010,  Fast ±1 50mA  Power  Buffer  '90DB  2-85 

L  T101 1,  Voltage  Comparator  '90DB  6-9 

L  T1012,  Picoamp  Input  Current,  Microvolt  Offset,  Low  Noise  Op  Amp  '90DB  2-1 05 

L  T1012S8,  Picoamp  Input  Current,  Microvolt  Offset,  Low  Noise  Op  Amp  '90DB  2-117 

LT1013,  Dual  Precision  Operational  Amplifier  2-19 

LT1014,  Quad  Precision  Operational  Amplifier  2-19 

LT101S,  High  Speed  Dual  Line  Receiver  10-4 

L  T1016,  Ultra  Fast  Precision  Comparator  '90DB  6-25 

L  T1016CS8,  Ultra  Fast  Precision  Comparator  '90DB  6-41 

LT1017,  Micropower  Dual  Comparator  '90DB  6-45 

LT1017CS,  Micropower  Dual  Comparator  '90DB  6-53 

LT1017CS8,  Micropower  Dual  Comparator  10-6 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  |'90DB  =  LTC's  1990  Databook).  
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LT1018,  Micropower  Dual  Comparator  '90DB  6-45 

L  71 018CS,  Micropower  Dual  Comparator  '90DB  6-53 

LT1018CS8,  Micropower  Dual  Comparator  10-6 

L  T1019,  2.5V,  4.5V,  5.0V,  10.0V,  Precision  References  '90DB  3-33 

L 11020,  Micropower  Regulator  and  Comparator  '90DB  4-29 

LT1020CS,  Micropower  Regulator  and  Comparator  '90DB  4-45 

111021,  5.0V,  7.0V,  10.0V,  Precision  References  '90DB  3-41 

L 11021 DCS8,  5.0V,  7.0V,  10.0V,  Precision  References  '90DB  3-57 

L 11022,  High  Speed,  Precision  JFE1  Input  Op  Amp  '90DB  2-1 45 

111024,  Dual,  Matched  Picoampere,  Microvolt  Input,  Low  Noise  Op  Amp  '90DB  2-153 

L 11025,  Micropower  Ihermocouple  Cold  Junction  Compensator  '90DB    1 1  -7 

111026,  Voltage  Converter  '90DB  5-3 

LT1027,  Precision  5V Reference  7-6 

L 11028,  Ultra-Low  Noise  Precision  High  Speed  Op  Amp  "90DB  2-161 

L 11028CS,  Ultra-Low  Noise  Precision  High  Speed  Op  Amp  '90DB  2-1 77 

LT1028CS8,  Ultra-Low  Noise  Precision  High  Speed  Operational  Amplifier  2-38 

L11029,  5VBandgap  Reference  '90DB  3-61 

L11030,  Quad  Low  Power  Line  Driver  '90DB  10-5 

L 11030CS,  Quad  Low  Power  Line  Driver  '90DB    1 0-9 

LT1031,  Precision  10V Reference  '90DB  3-65 

L11032,  Quad  Low  Power  Line  Driver  '90DB  1 0-1 1 

L11033,  3A  Negative  Adjustable  Regulator  '90DB  4-49 

L 11034- 1.2,  Micropower  Dual  Reference  '90DB  3-77 

L  11034-2.5,  Micropower  Dual  Reference  '90DB  3-77 

L11034CS8-1.2,  Micropower  Dual  Reference  '90DB  3-81 

L11034CS8-2.5,  Micropower  Dual  Reference  '90DB  3-81 

L 11035,  Logic  Controlled  Regulator  '90DB  4-57 

L11036,  Logic  Controlled  Regulator  '90DB  4-69 

L 11037,  Low  Noise,  High  Speed  Precision  Op  Amp  '90DB  2-57 

L 11037CS,  Low  Noise,  High  Speed  Precision  Op  Amp  '90DB  2-69 

LT1037CS8,  Low  Noise,  High  Speed  Precision  Operational  Amplifier  2-16 

L 11038,  10  Amp  Positive  Adjustable  Voltage  Regulator  '90DB  4-77 

L 11039,  RS232  Driver/Receiver  with  Shutdown  '90DB  1 0-1 9 

L1C1040,  Dual  Micropower  Comparator  '90DB  6-57 

L1C104 1,  BANG-BANG  Controller  '90DB  6-69 

L 1C1042,  Window  Comparator  '90DB  6-77 

L 1C1043,  Dual  Precision  Instrumentation  Switched  Capacitor  Building  Block  '90DB  11-15 

L 1C1043CS,  Dual  Precision  Instrumentation  Switched  Capacitor  Building  Block  '90DB  11-31 

L 1C1044,  Switched  Capacitor  Voltage  Converter  '90DB  5-9 

L 1C1044CS8,  Switched  Capacitor  Voltage  Converter  '90DB  5-21 

L1C1045,  Programmable  Micropower  Hex  Iranslator/Receiver/Driver  '90DB  10-27 

LTC1046,  50mA  Switched  Capacitor  Voltage  Converter  4-16 

LTC1047,  Dual  Micropower  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-292 

LTCW49,  Low  Power  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-299 

L1C1050,  Precision  Zero  Drift  Op  Amp  with  Internal  Capacitors   ■      '90DB  2-181 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook).  
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LTC1051,  Dual  Precision  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-306 

LTC1052,  Zero  Drift  Op  Amp  '90DB  2-1 97 

L  TC1052CS,  Zero  Drift  Op  Amp  '900B  2-21 7 

L  TC1053,  Quad  Precision  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-306 

LT1054,  Switched  Capacitor  Voltage  Converter  with  Regulator  '90DB  5-23 

LT1054CS,  Switched  Capacitor  Voltage  Converter  with  Regulator  '90DB  5-35 

L  T1054IS,  Switched  Capacitor  Voltage  Converter  with  Regulator  '90DB  5-35 

LT1055,  Precision,  High  Speed,  JFET  Input  Op  Amp  '90DB  2-219 

L  T1055S8,  Precision,  High  Speed,  JFET  Input  Op  Amp  '90DB  2-231 

L  T1056,  Precision,  High  Speed,  JFET  Input  Op  Amp  '90DB  2-21 9 

L  T1056S8,  Precision,  High  Speed,  JFET  Input  Op  Amp  '90DB  2-231 

L  T1057,  Dual  JFET  Input  Precision,  High  Speed  Op  Amp  '90DB  2-235 

L  T1057IS,  Dual  JFET  Input  Precision  High  Speed  Op  Amp  2-41 

L  T1057IS8,  Dual  JFET  Input  Precision  High  Speed  Op  Amp  2-44 

L  T1057S,  Dual  JFET  Input  Precision  High  Speed  Op  Amp  2-41 

LT1057S8,  Dual  JFET  Input  Precision  High  Speed  Op  Amp  2-44 

L  T1058,  Quad  JFET  Input  Precision,  High  Speed  Op  Amp  '90DB  2-235 

LT10S8IS,  Quad  JFET  Input  Precision  High  Speed  Op  Amp  2-41 

LT1058S,  Quad  JFET  Input  Precision  High  Speed  Op  Amp  2-41 

LTC1059,  High  Peformance  Switched  Capacitor  Universal  Filter  '90DB  7-3 

LTC1059CS,  High  Performance  Switched  Capacitor  Universal  Filter  '90DB  7-11 

LTC1060,  Universal  Dual  Filter  Building  Block  '90DB  7-15 

L  TC1060CS,  Universal  Dual  Filter  Building  Block  '90DB  7-35 

LTC1061,  High  Performance  Triple  Universal  Filter  Building  Block  '90DB  7-39 

LTC1061CS,  High  Performance  Triple  Universal  Filter  Building  Block  '90DB  7-55 

L  TC1062,  5th  Order  Lowpass  Filter  '90DB  7-59 

LTC1062CS,  5th  Order  Lowpass  Filter  VODB  7-71 

LTC1063,  Low  Offset , Clock  Tunable  5th  Order  Butterworth  Lowpass  Filter  13-21 

LTC1064,  Low  Noise,  Fast,  Quad  Universal  Filter  Building  Block  VODB  7-73 

L  TC1064- 1,  Low  Noise,  8th  Order,  Clock  Sweepable  Elliptic  Lowpass  Filter  VODB  7-89 

L  TC10B4-2,  Low  Noise,  High  Frequency,  8th  Order  Butterworth  Lowpass  Filter  8-5 

LTC10B4-3,  Low  Noise,  High  Frequency,  8th  Order  Linear  Phase  Lowpass  Filter  8-13 

LTC1084-4,  Low  Noise,  8th  Order,  Clock  Sweepable  Cauer  Lowpass  Filter  8-21 

L  TC1064-7,  Linear  Phase,  Group  Delay  Equalized,  8th  Order  Lowpass  Filter  13-25 

LT1070,  5A  High  Efficiency  Switching  Regulator  '90DB  5-37 

LT1071,  2.5A  High  Efficiency  Switching  Regulator  '90DB  5-37 

LT1072,  1 .25A  High  Efficiency  Switching  Regulator  '90DB  5-49 

L  T1073,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V  4-1 74 

LT1074,  Step-Down  Switching  Regulator  4-193 

LT1076,  Step-Down  Switching  Regulator     4-193 

LT1 076-5,  5V  Step-Down  Switching  Regulator  4-208 

LT1077,  Micropower,  Single  Supply,  Precision  Operational  Amplifier  2-45 

LT1078,  Micropower,  Dual,  Single  Supply,  Precision  Operational  Amplifier  2-56 

LT1079,  Micropower,  Quad,  Single  Supply,  Precision  Operational  Amplifier  2-56 

L  T1080,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  '90DB  1 0-43 


Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook). 
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LT1080CS,  5V  Powered  RS232  Driver/Receiver  with  Shutdown  '90DB  1 0-51 

LT1081,  Advanced  Low  Power  5V RS232  Dual  Driver/Receiver  '90DB  1 0-43 

LT1081CS,  5V  Powered  RS232  Driver/Receiver  with  Shutdown  '90DB  1 0-51 

LT1082, 1 A  High  Voltage  High  Efficiency  Switching  Regulator  13-29 

LT1083,  7.5A  Low  Dropout  Positive  Adjustable  Regulator  '90DB  4-89 

LT1083-5,  7.5A  Low  Dropout  Positive  Fixed  5V  Regulator  '90DB  4-101 

LT1083-12,  7.5A  Low  Dropout  Positive  Fixed  12V  Regulator  '90DB  4-101 

L 11084,  5A  Low  Dropout  Positive  Adjustable  Regulator  '90DB  4-89 

L 11084-5,  5A  Low  Dropout  Positive  Fixed  5V  Regulator  '90DB  4-1 01 

L11084-12,  5A  Low  Dropout  Positive  Fixed  12V  Regulator  '90DB  4-101 

L 11085,  3A  Low  Dropout  Positive  Adjustable  Regulator  '90DB  4-89 

L11085-5,  3A  Low  Dropout  Positive  Fixed  5V  Regulator  '90DB  4-101 

L11085-12,  3A  Low  Dropout  Positive  Fixed  12V  Regulator  '90DB  4-101 

L11086,  1.5A  Low  Dropout  Positive  Adjustable  Regulator  '90DB  4-1 1 3 

L11086-5,  1.5A  Low  Dropout  Positive  Fixed  5V  Regulator  '90DB  4-113 

L11086-12,  1.5A  Low  Dropout  Positive  Fixed  12V  Regulator  '90DB  4-113 

L  T1087,  Adjustable  Low  Dropout  Regulator  with  Kelvin-Sense  Inputs  4-56 

L11088,  Wideband  RMS-DC  Converter  Building  Block  '90DB  11-33 

L 11089,  High  Side  Switch  '90DB  11-45 

L 1C1090,  Single  Chip  10-Bit  Data  Acquisition  System  '90DB  9-5 

L1C1091,  1-Channel,  10-Bit  Serial  I/O  Data  Acquisition  System  '90DB  9-29 

L1C1092,  2-Channel,  10-Bit  Serial  I/O  Data  Acquisition  System  '90DB  9-29 

L1C1093,  6-Channel,  10-Bit  Serial  I/O  Data  Acquisition  System  '90DB  9-29 

L1C1094,  8-Channel,  10-Bit  Serial  I/O  Data  Acquisition  System  '90DB  9-29 

L 1C1095,  Complete  10-Bit  Data  Acquisition  System  with  On  Board  Reference  '90DB  9-57 

LTC1096,  Micropower,  Sampling  8-Bit  Serial  I/O  AID  Converter  13-33 

LT1097,  Low  Cost,  Low  Power  Precision  Operational  Amplifier  2-74 

L1C1098,  Micropower,  Sampling  8-Bit  Serial  I/O  A/D  Converter  13-33 

L 1C1099,  High  Speed  8-Bit  A/D  Converter  with  Built-in  Sample-and-Hold  '90DB  9-81 

LTC1100,  Precision,  Zero  Drift  Instrumentation  Amplifier  3-4 

LT1101,  Precision,  Micropower,  Single  Supply  Instrumentation  Amplifier  (Fixed  Gain  =  10  or  100)  3-11 

L  T1 102,  High  Speed,  Precision,  JFE1  Input  Instrumentation  Amplifier  (Fixed  Gain  =  10  or  100)  3-23 

LT1103,  Off-Line  Switching  Regulator  4-211 

LT1105,  Off-Line  Switching  Regulator  4-211 

L 11 108,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V.12V  1 3-37 

L 11 109,  Flash  Memory  Vpp  Generator/Low  Cost  DC-to-DC  Converter  4-238 

L 11 109A,  Micropower  Low  Cost  DC-to-DC  Converter  Adjustable  and  Fixed  5V,  12V  1 3-41 

L11110,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V,  High  Frequency  4-245 

L11111,  Micropower  DC-to-DC  Converter  Adjustable  and  Fixed  5V,  12V,  High  Frequency  4-260 

L 11112,  Dual  Low  Power  Precision,  Picoamp  Input  Operational  Amplifier  1 3-43 

L11114,  Quad  Low  Power  Precision,  Picoamp  Input  Operational  Amplifier  13-43 

L11115,  Ultra-Low  Noise,  Low  Distortion,  Audio  Operational  Amplifier  2-82 

L11116, 12ns,  Single  Supply  Ground-Sensing  Comparator  10-7 


111117,  800mA  Low  Dropout  Positive  Regulators;  Adjustable  and  Fixed  2.85V,  5V  4-63 

L11 120,  Micropower  Regulator  with  Comparator  and  Shutdown  '90DB  4-1 25 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook).  
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L 11 121-5,  M /empower  Low  Dropout  Regulator  1 3-46 

LT1123,5VLow  Dropout  Regulator  Driver  4-75 

LT1 123-2.85,  Low  Dropout  Regulator  Driver  for  SCSI-2  Active  Termination  13-48 

L  T1 124,  Dual  Low  Noise,  High  Speed  Precision  Operational  Amplifier  2-94 

L  T1 125,  Quad  Low  Noise,  High  Speed  Precision  Operational  Amplifier  2-94 

LT1126,  Dual  Decompensated  Low  Noise,  High  Speed  Precision  Operational  Amplifier  2-105 

LT1127,  Quad  Decompensated  Low  Noise,  High  Speed  Precision  Operational  Amplifier  2-105 

L  T1 128,  Unify  Gain  Stable  Ultra-Low  Noise  Precision  L 11028  Type  Operational  Amplifier  13-50 

LT1 129-2.85,  500mA  Low  Iq  Low  Dropout  Regulator  13-51 

LT1129-3.3,  500mA  Low  Iq  Low  Dropout  Regulator  13-51 

LT1 129-5,  500mA  Low  Iq  Low  Dropout  Regulator  13-51 

L  T1 130,  5-Driver/5-Receiver  RS232  Transceiver  '90DB  1 0-55 

LT1131,  5-Driver/4-Receiver  RS232  Transceiver  with  Shutdown  '90DB  10-55 

L  T1 132,  5-Driver/3-Receiver  RS232  Transceiver  '90DB  1 0-55 

I  T1  133,  3-Driver/5-Receiver  RS232  Transceiver  '90DB  1 0-55 

L  T1 134,  4-Driver/4-Receiver  RS232  Transceiver  '90DB  1 0-55 

L  T1 135,  5-Driver/3-Receiver  RS232  Transceiver  without  Charge  Pump  '90DB  10-55 

L  T1 136,  4-Driver/5-Receiver  RS232  Transceiver  with  Shutdown  '90DB  10-55 

L  T1 137,  3-Driver/5-Receiver  RS232  Transceiver  with  Shutdown  '90DB  10-55 

L  T1 137 A,  Advanced  Low  Power  5VRS232  Transceiver  with  Small  Capacitors  1 3-52 

L  T1 138,  5-Driver/3-Receiver  RS232  Transceiver  with  Shutdown  '90DB  1 0-55 

L  T1 139,  4-Driver/4-Receiver  RS232  Transceiver  with  Shutdown  '90DB  10-55 

L  T1 140,  5-Driver/3-Receiver  RS232  Transceiver  without  Charge  Pump  '90DB  10-55 

LT1141,  3-Driver/5-Receiver  RS232  Transceiver  without  Charge  Pump  '90DB  10-55 

LTC1150,  ±15V  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-321 

LTC1151,  Dual  ±15V  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  13-56 

L  TC1 155,  Dual  High  Side  Micropower  N-Channel  MOSFET  Driver  with  Internal  Charge  Pump  4-26 

LTC1 156,  Quad  High  Side  Micropower  N-Channel  MOSFET  Driver  with  Internal  Charge  Pump  4-41 

L  T1 158,  Halt  Bridge  N-Channel  Power  MOSFET  Driver  4-102 

LTC1164,  Low  Power,  Low  Noise,  Quad  Universal  Filter  Building  Block  8-29 

LTC1 164-5,  Low  Power,  Clock  Tunable  8th  Order  Butterworth  Lowpass  Filter  13-58 

LTC1 164-6,  Low  Power,  Clock  Tunable  8th  Order  Elliptic  Lowpass  Filter  13-62 

LTC1164-7,  Linear  Phase,  Group  Delay  Equalized,  8th  Order  Lowpass  Fliter  13-25 

LT1170,  5A  High  Efficiency  100kHz  Switching  Regulator  '90DB  5-61 

L  T1 1 71,  2.5A  High  Efficiency  100kHz  Switching  Regulator  '90DB  5-61 

LT1172,  1.25A  High  Efficiency  100kHz  Switching  Regulator  '90DB  5-73 

L  T1 1 73,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,12V  4-275 

LT1178,  17/^A  Max,  Dual,  Single  Supply,  Precision  Operational  Amplifier  2-112 

LT1179, 17piA  Max,  Quad,  Single  Supply,  Precision  Operational  Amplifier  2-112 

L  T1 180,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  with  Small  Capacitors  '90DB  1 0-67 

LT1181,  Advanced  Low  Power  5V RS232  Dual  Driver/Receiver  with  Small  Capacitors  '90DB  1 0-67 

LT1185,  Low  Dropout  Regulator  with  Adjustable  Current  Limit  4-86 

LT1188,  1-5A  High  Side  Switch  4-48 

LT1190,  Ultra  High  Speed  Operational  Amplifier  (Av>  1)  2-126 

LT1191,  Ultra  High  Speed  Operational  Amplifier  (Av>  1)  2-137 

Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook). 
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LT1192,  Ultra  High  Speed  Operational  Amplifier  (Av>  5)  2-148 

LT1193,  Video  Difference  Amplifier,  Adjustable  Gain  2-159 

LT1194,  Video  Difference  Amplifier,  Gain  of  10  2-171 

LTC1196,  8-Bit,  600ns,  1.3MHz  Sampling  AID  Converter  13-64 

LTC1198,  8-Bit,  600ns,  1.3MHz  Sampling  A/D  Converter  13-64 

1X1200,  Low  Power  High  Speed  Operational  Amplifier  2-182 

LT1217,  Low  Power  High  Speed  Current  Feedback  Amplifier  2-190 

LT1220,  Very  High  Speed  Operational  Amplifier  (Av>  1)  2-198 

LT1221,  Very  High  Speed  Operational  Amplifier  (Av>  4)  2-210 

LT1222,  LowNoise,  Very  High  Speed  Operational  Amplifier  (Av>  10)  2-218 

LT1223,  100MHz  Current  Feedback  Amplifier  2-226 

LT1224,  Very  High  Speed  Operational  Amplifier  (Av>  1)  2-237 

L 11225,  Very  High  Speed  Operational  Amplifier  (Av>5)  2-245 

L 11226,  Low  Noise  Very  High  Speed  Operational  Amplifier  (Av>25)  2-253 

L 11227,  140MHz  Video  Current  Feedback  Amplifier  1 3-65 

L11228,  100MHz  Current  Feedback  Amplifier  with  DC  Gain  Control  2-261 

L11229,  Dual  100MHz  Current  Feedback  Amplifier  2-280 

L11230,  Quad  100MHz  Current  Feedback  Amplifier  2-280 

L 1C1232,  Microprocessor  Supervisory  Circuit  9-22 

L 1C1235,  Microprocessor  Supervisory  Circuit  with  Conditional  Battery  Backup  9-29 

L11237,  5VRS232  Transceiver  with  Advanced  Power  Management  and  One  Receiver  Active  in  SHU1DOWN  13-76 

L 11241,  High  Speed  Current  Mode  Pulse  Width  Modulator  4-122 

L 11242,  High  Speed  Current  Mode  Pulse  Width  Modulator  4-122 

L11243,  High  Speed  Current  Mode  Pulse  Width  Modulator  4-122 

L11244,  High  Speed  Current  Mode  Pulse  Width  Modulator  4-122 

L  11245,  High  Speed  Current  Mode  Pulse  Width  Modulator  4-122 

L 11246,  1MHz  Off -Line  Current  Mode  PWM  4-134 

L 1C1250,  Very  Low  Noise  Zero  Drift  Bridge  Amplifier  13-80 

L1C1 264-7,  Linear  Phase,  Group  Delay  Equalized,  8th  Order  Lowpass  Filter  13-84 

L 11270,  8A  High  Efficiency  Switching  Regulator  4-290 

L 11270A,  10A  High  Efficiency  Switching  Regulator  4-290 

L11271,4A  High  Efficiency  Switching  Regulator  13-88 

L1C1272,  12-Bit,  3ns,  250kHz  Sampling  A/D  Converter  6-6 

L  T1280,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  '90DB  1 0-75 

L  T1281,  Advanced  Low  Power  5V  RS232  Dual  Driver/Receiver  '90DB  1 0-75 

L1C1287,  3V  Single  Chip  12-Bit  Data  Acquisition  System  6-25 

L  1C1289,  3V  Single  Chip  12-Bit  Data  Acquisition  System  6-40 

L1C1290,  Single  Chip  12-Bit  Data  Acquisition  System  6-67 

L1C1291,  Single  Chip  12-Bit  Data  Acquisition  System  13-92 

L1C1292,  Single  Chip  12-Bit  Data  Acquisition  System  6-94 

L1C1293,  Single  Chip  12-Bit  Data  Acquisition  System  6-113 

L1C1294,  Single  Chip  12-Bit  Data  Acquisition  System  6-113 

L1C1296,  Single  Chip  12-Bit  Data  Acquisition  System  6-113 

L11330,  5VRS232  Iransceiver  with  3V  Logic  Interface  and  One  Receiver  Active  in  SHU1DOWN  13-99 

L11431,  Programmable  Reference  7-13 


Note:  All  products  in  BOLD  are  in  this  Supplement,  others  appear  in  LTC's  1990  Databook  ('90DB  =  LTC's  1990  Databook). 
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L  T1432,  5V  High  Efficiency  Step-Down  Switching  Regulator  Controller  4-1 45 

LTC1485,  High  Speed  RS485  Interface  Transceiver  13-103 

LT1524,  Regulating  Pulse  Width  Modulator  '90DB  5-85 

LT1525A,  Regulating  Pulse  Width  Modulator  '90DB  5-97 

LT1526,  Regulating  Pulse  Width  Modulator  '90DB  5-105 

L 11527 A,  Regulating  Pulse  Width  Modulator  '90DB  5-97 

L  T1846,  Current  Mode  PWM  Controller  '90DB  5-1 1 3 

L  T1847,  Current  Mode  PWM  Controller  '90DB  5-1 1 3 

L  T3524,  Regulating  Pulse  Width  Modulator  '90DB  5-85 

L  T3525A,  Regulating  Pulse  Width  Modulator  '90DB  5-97 

L 18526,  Regulating  Pulse  Width  Modulator  '90DB  5-1 05 

L  13527k,  Regulating  Pulse  Width  Modulator  '90DB  5-97 

L 13846,  Current  Mode  PWM  Controller  '90DB  5-1 1 3 

L 13847,  Current  Mode  PWM  Controller  '90DB  5-1 1 3 

L 1C7652.  Chopper  Stabilized  Op  Amp  '90DB  2-1 97 

L1C7660,  Switched  Capacitor  Voltage  Converter  '90DB  5-9 

L1KO01,  Ihermocouple  Cold  Junction  Compensator  and  Matched  Amplifier  '90DB  11-3 

L 1Z1000,  Ultra  Precision  Reference  '90DB  3-9 

L 1Z1000A,  Ultra  Precision  Reference  '90DB  3-9 

OP-05,  Internally  Compensated  Op  Amp  '90DB  2-321 

OP-07,  Precision  Op  Amp  '90DB  2-329 

OP-07CS8,  Precision  Op  Amp  '90DB  2-337 

OP-15,  Precision,  High  Speed  JFET  Input  Op  Amp  '90DB  2-341 

OP-16,  Precision,  High  Speed  JFET  Input  Op  Amp  '90DB  2-341 

OP-27,  Low  Noise,  Precision  Op  Amp  '90DB  2-345 

OP-37,  Low  Noise,  High  Speed  Op  Amp  '90DB  2-345 

OP-215,  Dual  Precision  JFET  Input  Op  Amp  '90DB  2-275 

OP-227,  Dual  Matched,  Low  Noise  Op  Amp  '90DB  2-357 

OP-237,  Dual  High  Speed,  Low  Noise  Op  Amp  '90DB  2-357 

OP-270,  Dual  Low  Noise,  Precision  Operational  Amplifier  2-120 

OP-470,  Quad  Low  Noise,  Precision  Operational  Amplifier  2-120 

REF-01 ,  Precision  Voltage  Reference  '90DB  3-125 

REF-02,  Precision  Voltage  Reference  '90DB  3-125 

SG1524,  Regulating  Pulse  Width  Modulator  '90DB  5-85 

SG1525A,  Regulating  Pulse  Width  Modulator  '90DB  5-97 

SG1527A,  Regulating  Pulse  Width  Modulator  '90DB  5-97 

SG3524,  Regulating  Pulse  Width  Modulator  '90DB  5-85 

SG3524S,  Regulating  Pulse  Width  Modulator  '90DB  5-93 

SG3525A,  Regulating  Pulse  Width  Modulator  '90DB  5-97 

SG3527A,  Regulating  Pulse  Width  Modulator  '90DB  5-97 


NOTES 
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j   mm   I  ||SCAr\  GENERAL  ORDERING 

#      W  lliXLf   INFORMATION 

Jm^f  TECHNOLOGY 

I.  ORDER  ENTRY 

Orders  for  products  contained  herein  should  be  directed  to:  LINEAR  TECHNOLOGY  CORPORATION, 
1630  McCarthy  Boulevard,  Milpitas,  California  95035.  Phone:  408-432-1900. 

II.  ORDERING  INFORMATION 

Minimum  order  value  is  $2000.00  per  order;  minimum  value  per  line  item  is  $500.00. 

Each  item  must  be  ordered  using  the  complete  part  number  exactly  as  listed  on  the  data  sheet. 

F.O.B.:  Milpitas,  California. 

III.  RELIABILITY  PROGRAMS 

Linear  Technology  Corporation  currently  offers  the  following  Reliability  Programs: 

A.  JAN  QPL  devices. 

B.  DESC  drawings. 

C.  MIL-STD-883,  Level  B,  latest  revision  for  all  military  temperature  range  devices. 

D.  "R-Flow"  Burn-In  Program  for  commercial  temperature  range  devices.  Consult  Factory  regarding  burn-in  program. 

E.  Radiation  Hardened  (RH)  products. 

IV.  PART  NUMBER  EXPLANATION 

XXX  XXXX  X  X  J/883B 

I  Screening  to  MIL-STD-883,  Level  B,  latest  revision 

 Package  Style  (see  Cross  Reference  on  Page  14-3) 

 Temperature  Range 

M  for  Military 

I  for  Industrial 

C  for  Commercial 

X  for  200°C  Extended  Range* 





V.  PACKAGE  SUFFIX  EXPLANATION 

Letter  Designator  Description 


D8 

8-Lead  Side  Brazed  Hermetic  DIP 

D 

14,  16,  18,  20,  and  24-Lead  Side 

Brazed  Hermetic  DIP 

H 

Multi-Lead  Metal  Can 

J8 

8-Lead  Ceramic  DIP 

J 

14,  16, 18,  and  20-Lead  Ceramic  DIP 

K 

TO-3  Metal  Can  (Steel) 

M 

3-Lead  DD  package  Molded 

N8 

8-Lead  Molded  DIP 

N 

14,  16, 18,  20,  24,  and  28-Lead 

Molded  DIP 

P 

3-Lead  TO-3P  Molded 

Q 

5-Lead  DD  package  Molded 

R 

7-Lead  DD  package  Molded 

S8 

8-Lead  Small  Outline  (SO)  package 

(Notel) 


Letter  indicates  electrical  grade  of  part 
Generic  or  Product  Part  Number 
Designator 

LF,  LM,  OP,  REF,  and  SG  are  second  source  devices 

LT  are  improved  or  proprietary  devices 

LTC  indicates  proprietary  CMOS  devices 

RH  indicates  LTC's  radiation  hardened  devices 

Letter  Designator  Description 


S  1 4, 1 6,  1 8,  20,  24,  and  28-Lead  Small 

Outline  (SO)  package  (Note  1 ,  2) 

ST  SOT-223  Molded 

T  3  and  5-Lead  TO-220  Molded 

W  10-Lead  Flatpack  (Cerpak) 

Y  7-Lead  TO-220  Molded 

Z  3-Lead  TO-92  Molded 


Note  1 :  Pinout  and  electrical  specifications  may  differ  from  standard 

commercial  grade  N8  package.  See  SO  data  sheet  for  specific 
information. 

Note  2:  These  devices  are  delivered  in  either  150  MIL  (SO)  or  300  MIL 

(SO-L)  wide  packages  depending  on  device  die  size.  See  specific 
SO  data  sheet  for  pin  counts  and  package  dimensions. 


I  IN -PA  Pi        ALTERNATE  SOURCE  CROSS 
#      W       I)    REFERENCE  GUIDE 

J^m*  TECHNOLOGY 


P/N 

LTC  DIRECT  REPL 

P/N 

LTC  DIRECT  REPL 

P/N 

LTC  DIRECT  REPL 

P/N 

LTC  DIRECT  REPL 

AD101A 

LM101A 

ADS7800 

LTC1272" 

LF355A 

LF355A 

LM185BX-2.5 

LT1034BM-2.5* 

AD232 

LTC1081* 

CMP01 

LT1011" 

LT1055AC" 

LM185BY-1.2 

LT1034M-1.2* 

AD235 

LT1130" 

CMP02 

LT1011" 

LF356A 

LF356A 

LM185BY-2.5 

LT1034M-2.5* 

AD237 

LT1138" 

DG201A 

LTC201 

LT1 056AC* 

LM196 

LT1 038M** 

AD238 

LT1139" 

DG202 

LTC202 

LT1 022AC" 

LM199 

LM199 

AD239 

LT1137" 

DS1232 

LTC  1232 

LF357 

LT1022" 

LM199A 

LM199A 

AD241 

LT1136" 

DS3695 

LTC485* 

LF398 

LF398 

LM199A-20 

LM199A-20 

AD381 

LT1022" 

EL2020 

LT1223* 

LF398A 

LF398A 

LM234-3 

LM234-3 

AD510J 

OP07E* 

EL2028 

LT1220" 

LF400 

LT1122DC 

LM234-6 

LM234-6 

LT1001C* 

EL2029 

LT1 221" 

LT1 1 22CC 

LM308A 

LM308A 

AD510K 

LT1001AC* 

EL2030 

LT1223" 

LF400A 

LT1122BC 

LT1 008C* 

AD510L 

LT1001AC* 

EL2038 

LT1222" 

LT1122AC 

LM311 

LM311 

AD510S 

OP07A* 

EL2039 

LT1222" 

LH0002 

LT1010M" 

LT31 1  A" 

LT1001AM* 

EL2040 

LT1222" 

LH0044 

LT1001M* 

LT1011C* 

AD517 

OP07" 

EL2041 

LT1220" 

LH0070 

LH0070 

LM317 

LM317 

LT1001" 

EL2120 

LT1190',  LT1223" 

LT1031M* 

LT317A* 

AD518 

LM118" 

EL2130 

LT1223" 

LH2108 

LH2108 

LM317HV 

LM317HV 

LT11BA" 

EL2232 

LT1229** 

LH2108A 

LH2108A 

LT317AHV* 

AD524 

LT1101" 

HA2500 

LT1220" 

LM10 

LM10 

LM317KC 

LM317T 

AD536 

LT1088" 

HA2502 

LT1220" 

LM10B 

LM10B 

LM317AT* 

AD580 

LT580 

HA2505 

LT1220" 

LM10C 

LM10C 

LM318 

LM318 

AD581 

LT581 

HA2510 

LT1 18A** 

LM101A 

LM101A 

LT318A* 

LT1031" 

LM118" 

LM107 

LM107 

LM319 

LM319 

AD586 

LT1027' 

HA2512 

LT118A" 

LM108 

LM108 

LT319A* 

AD589 

LT1034" 

LM118A" 

LT1008M* 

LM323 

LM323 

AD636 

LT1088" 

HA2515 

LT318A" 

LM108A 

LM108A 

LT323A* 

AD637 

LT1088" 

LM318" 

LT1008M* 

LT1003C" 

AD642 

LT1057" 

HA2520 

LT1220" 

LM111 

LM111 

LM329A 

LM329A 

AD647 

LT1057" 

HA2541 

LT1220" 

LT111A* 

LM329B 

LM329B 

AD705 

LT1097 

HA2544 

LT1224" 

LT1011M* 

LM329C 

LM329C 

AD707 

LT1097 

HA5004 

LT1223" 

LM112 

LT1012M* 

LM329D 

LM329D 

AD711 

LT1056" 
LT1057" 

HA5130-2 

OP07A 

LM113 

LT1004M-1.2* 

LM333 

LT1033C" 

AD712 

LT1001AM- 

LM117 

LM117 

LM333A 

LT1033C 

AD713 

LT1058" 

HA5130-5 

OP07E 

LT117A* 

LM334 

LM334 

AD736 

LT1088" 

LT1001C* 

LM117HV 

LM117HV 

LM336-2.5 

LM336 

AD737 

LT1088" 

HA5135-2 

OP07 

LT1 1 7AHV* 

LT1009C* 

AD744 

LT1122 

LT1001W 

LM118 

LM118 

LM336-5 

LT1029C* 

AD790 

LT1016" 

HA5135-5 

OP07C 

LT1 1 8A* 

LM336B-2.5 

LM336B 

AD821 

LT1006" 

LT1001C* 

LM119 

LM119 

LT1009C" 

AD822 

LT1013" 

HAOP07 

OP07 

LT119A* 

LM337 

LM337 

AD824 

LT1014" 

LT1001M* 

LM123 

LM123 

LT337A* 

AD840 

LT1222" 

HAOP07A 

OP07A 

LT123A* 

LT1033C* 

AD841 

LT1220" 

LT1001AW 

LT1003M* 

LM337HV 

LM337HV 

AD842 

LT1221" 

HAOP07C 

OP07C 

LM124 

LT1014M* 

LT337AHV* 

AD844 

LT1223" 

LT1001C* 

LM129A 

LM129A 

LM338 

LM338 

AD845 

LT1122 

HAOP07E 

OP07E 

LM129B 

LM129B 

LT338A* 

AD846 

LT1223" 

LT1001C* 

LM129C 

LM129C 

LM350 

LM350 

AD847 

LT1224",  LT1190" 

ICL232 

LT1081 

LM133 

LT1033M* 

LT350A* 

AD848 

LT1225**,  LT1191" 

ICL7650 

LTC1050* 

LM134 

LM134 

LM368-5.0 

LT1019AC-5* 

AD849 

LT1226",  LT1192" 

LTC1052" 

LM 134-3 

LM134-3 

LM368-10.0 

LT1019C-10" 

AD7572 

LTC1272" 

ICL7652 

LTC7652 

LM134-6 

LM  134-6 

LM368Y-5.0 

LT1019AC-5* 

AD7820 

LTC1099* 

LTC  1052* 

LM  136-2.5 

LT1 36-2.5 

LM368Y-10.0 

LT1019C-10" 

AD9617 

LT1223" 

ICL7660 

LTC 1044* 

LT1009M* 

LM385-1.2 

LM385-1.2 

AD9618 

LT1223" 

LTC1054*' 

LM  136-5 

LT1029M" 

LT1004C-1.2* 

AD9686 

LT1016" 

ICL8069C 

LM385-1.2 

LM136A 

LM136A 

LM385-2.5 

LM385-2.5 

ADC032 

LTC1091 

LT1 004C-1.2* 

LT1009M* 

LT1004C-2.5* 

ADC0820 

LTC1099* 

ICL8069M 

LM185-1.2 

LM137 

LM137 

LM385BX-1.2 

LT1034BC-1.2* 

AUCj^UI  A 

L  1  (jefUl  A 

LT1004M-1 .2* 

LT1 37A 

LM385BX-2.5 

LT1 034BC-2.5* 

ADG202 

LTC202 

LF155 

LF155 

LT1033M" 

LM385BY-1.2 

LT1034C-1.2* 

ADG221 

LTC221 

LT1055M 

LM137HV 

LM137HV 

LM385BY-2.5 

LT1034C-2.5* 

ADG222 

LTC222 

LT1 055M* 

LT137AHV* 

LM396 

LT1038C" 

ADOP07 

OP07 

LF155A 

LF155A 

LM138 

LM138 

LM399 

LM399 

LT1001M* 

LT1 055AM 

LT138A* 

LM399A 

LM399A 

ADOP07A 

OP07A 

LT1 055AM* 

LM148 

LT1014M' 

LM399A-20 

LM399A-20 

LT1001AM* 

LF156 

LF156 

LM150 

LM150 

LM399A-50 

LM399A-50 

ADOP07C 

OP07C 

LT1056M 

LT150A* 

LM1524 

SG1524 

LT1001C* 

LT1056M* 

LM158 

LT1013M* 

LT1524* 

ADOP07D 

OP07D 

LT1022M* 

LM168BY-5.0 

LT1019M-5" 

LM2575 

LT1076" 

LT1001C* 

LF156A 

LF156A 

LM168BY-10.0 

LT1019M-10** 

LM2576 

LT1074" 

ADOP07E 

OP07E 

LT1 056AM 

LM  185-1 .2 

LM185-1.2 

LM2577 

LT1071" 

LT1001C* 

LT1056AM* 

LT1004M-1.2* 

LM2935 

LT1005** 

ADOP27 

OP27 

LT 1022 AM* 

LM  185-2. 5 

LM185-2.5 

LM2940 

LT1086" 

LT1007" 

LF198 

LF198 

LT1004M-2.5* 

LM3524 

SG3524 
LT3524* 

LF198A 

LF198A 

LM185BX-1.2 

LT1034BM-1.2* 

*  LTC  Improved  Replacement:  1 00%  Pin-for-pin  compatible  with  better  electrical  specifications. 

'■Similar  Device:  Please  consult  the  data  sheet  to  determine  the  suitability  of  the  replacement  for  specific  applications. 
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MAX428 

LT1 229 

OP07E 
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MAX631 
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OP1 OE 
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OP97A 
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niiii  nno 

LT1 008 

MAX632 

LT1 173-12** 

0P1 1 

LT1014* 

OP97E 

i  Ti mnA 

L  I1U1  dHAj 

PM101 2 

LT1 012 

MAX633 

LT1 1 73** 

0P12A 

1   TH  n  i  OIL  A* 

L\  1012M 

OP97F 

i  Ti  ni  nn* 
L  1  IUIa^U 

PM1558 

l  Tiniohil* 
L  1  1 013M 

MAX634 

LT1 173** 

OP1 2B 

i  ti  n  h  n*  a* 

L 1 1  Ul  2M 

LT1 097* 

PM21 08 

LH2108 

MAX635 

LT1 1 73-5" 

OP12C 

LT1012M* 

OP160 

LT1223** 

PM2108A 

LH21 08A 

MAX636 

LT1 173-12** 

OP12E 

LT1012C 

OP1 77B 

LT1 001  AM/883 

RC714CH 

OP07C 

MAX637 

LT1 1 73** 

OP12F 

l  t^h  n^* 

LT1012G 

OP1 77F 

LT1 001  AC 

LT'1 001 C* 

MAX638 

LT1 1 73-5** 

OP12G 
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L  1  1  U 1  2  C 

OP1 77G 

LT1001 C 

RC714EH 

OP07E 
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LT1 1 73-5** 

OP14 
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L 1 1U9/C 
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L 11 UU 1 C 

MAXb42 
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MKj  14UUAU1  U 

LI  1U1  yuiNo-i  u 

OP1 6F 

OP1 6F 

ADnn7P 

ADT17A 

LT1 021-5** 

■ jif^-t  Ar\n\  IO 
MU  i4UUU<: 

i  ti  fii  fiffcio  n  c* 

i  Tinker" 
L 1 1 Uobo 

/"1D007IZ 

Ur^Ai/b 

AD007C 

Urdd/c. 

nbrU^U 

l  Ti  ni  n/-"*  cr* 

L1 101 90-5 

■ ir»<  Jtnni  ir 
MO14UUU0 

L  11  Ul  yuiMo-o 

OP1 6G 

OP16G 

ADn7r 

AD117C 

Urdd/b: 

J  Ti  noi  c** 

L1 1021-5 

mhi  ^nni  n n 
ML  1  4UUU 1U 

L  1  1  UiyOPJo-1  U 

L  1  1  uobO 

AD007r 

AD007A 

REF02E 

REF02E 

MC1 558 

I  T1  m  qm* 
L  I  1  Ul  JM 

OP27 

Snn^  a 

AQnen 

UrcibU 

LT1 229** 

LT1 021-5** 

» jr^i  ac Ana 
ML-  14D4UD 

1  T1 nOQ  1  c* 

L  I  1  ujy-i  b 

OP27A 

OP27A 

ADn7n  ft 
Ur£/UA 

AD07n  A 

DCCnOLI 

HEF02H 

REF02H 

KAf^OA  1  CC 

Ivl0o410b 

LT1 074 

1  "T1  nn7A  KA* 
L  I  1  UU/AM 

J  Ti  1  Ov(  A  h  Jl* 

L  11 1  ^4AM 

LT1019C-5* 

MF5 

LTC  1059* 

OP27B 

OP27A 

OP270E 

OP270E 

LT1 021  -5** 

MF10 

LTC  1060 

LT1007M 

OP270F 

OP270E 

REF03 

LT1 01 9-2.5 

LTC  1060* 

LT1007M* 

LT1124C* 

REF43B 

LT1019AM-2.5 

MX7572 

LTC1272* 

OP27C 

OP27C 

OP270G 

OP270G 

REF43F 

LT1019AC-2.5 

MX7820 

LTC1099* 

LT1007M 

LT1124C* 

REF43G 

LT1019C-2.5 

NE1037 

LT1 037 

LT1007M* 

OP290 

LT1078" 

RM714H 

OP07 

NE5534 

OP37* 

OP27E 

OP27E 

OP400A 

LT1014AM** 

LT1001M* 

LT1037* 

LT1007AC* 

OP400E 

LT1014AC" 

RM1558 

LT1013M* 

NE5534A 

OP37* 

OP27F 

OP27F 

OP400F 

LT1014AC** 

SE5534 

OP37* 

LT1037* 

LT1007C* 

OP420 

LT1079* 

LT1037* 

OP04 

LT1013* 

OP27G 

OP27G 

OP421 

LT1014* 

SE5534A 

OP37* 

OP05 

OP05 

LT1007C* 

OP470A 

OP470A 

LT1037* 

LT1001M* 

OP37A 

OP37A 

LT1 125AM* 

SG101A 

LM101A 

OP05A 

OP05A 

LT1 037AM* 

OP470E 

OP470E 

SG108 

LM108 

LT1001AM* 

OP37B 

OP37A 

OP470F 

OP470E 

LT1008M* 

LT1001M* 

LT1037M 

LT1125C* 

SG108A 

LT1037M* 

LT110°088M* 

Replacement:  100%  Pin-for-pin  compatible  with  better  electrical  specifications, 
c  Please  consult  the  data  sheet  to  determine  the  suitability  of  the  replacement  for 
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ALTERNATE  SOURCE  CROSS  REFERENCE  GUIDE 


P/N 

LTC  DIRECT  REPL 

P/N 

LTC  DIRECT  REPL 

P/N              LTC  DIRECT  REPL 

P/N 

1  tp  ninrAT  nrni 

LTC  DIRECT  REPL 

„_ 

LM1 1 1 

LT1 1 1 A 

UC1 17 

LM1 17 

i  Tim  1 M* 

LI  I  U  1  1  I  v  1 

LT1 17  A* 

SG1 1 7 

LM1 17 

UC137 

LM137 

SG1 1 7  A 

LT1 1 7A 

LT137A* 

SG1 23 

LM1 23 

LT1 033M" 

Ou  I  con 

LT1 23A 

UC1 50 

LM1 50 

l_  1  1  UUO  Ivl 

LT1 50  A* 

SG124 

1  Tim  am* 

UC31 7 

LM31 7 

SG1 37 

LT1 37 

LT317A* 

LT1 37A 

UC337 

LFVIOO  f 

I  T1  miM" 

L  1  1  UOOIvl 

LT337A* 

SG138 

LM1 38 

L  )  1  UJOvj 

ou  1  JoA 

LT1 38 A 

UC350 

LM350 

ou  I  DU 

LM1 50 

LT350A* 

SG 1 50  A 

1  T1  lyii 

UC1 524 

SG  1 524 

SG31 1 

LM31 1 

LT1 524* 

LT31 1  A* 

i  \r~-\  ROC  A 

1  ti  rn  1  r** 

LI  1U 1  lL» 

L I  1 OtOn 

bG31 7 

LM31 7 

1  IP  1  C074 

oul  0*;/  A 

SG317A 

LT317A 

LT1 527A* 

SG323 

LM323 

LT1 846 

bG323A 

LT323A 

UC1 847 

LT1 847 

L  1  lUUdO 

1  ii^ococ  a 
UL-£iDic:bA 

budo/ 

LM337 

LT3525A* 

bUdJ/A 

LT337A 

croco/i 
bLidb*:4 

1  T1  flMf1" 

L  1  lUdJO 

LT3524* 

bfjddo 

LM338 

1  ir"jco7A 

bodO^/ A 

LT338A 

LT3527A* 

SG350 

LM350 

LT1 242* 

budbUA 

LT350A 

1  l/^00<(0 

UL<do4d 

LT1 243* 

SG1 524 

SG  1 524 

LT1 244* 

LT1 524* 

UL/004D 

LT1 245* 

O/*"*  1  HOC  A 

Of-"*  1  roc  A 

LT1 525A* 

OPH  COO 

LT1 526 

cr  H  co"7  a 
bLal  Di£/A 

cn  ko7  a 

LT1 527A* 

SG1558 

1  T-t  r\  A  Oil  t* 

L  1  101  dM 

oo3b<;4 

CPOCO^ 

bodb<:4 

LT3524* 

SG3525A 

SG3525A 

LT3525A* 

LT3526 

P/^OC07  a 

budb2/A 

or*oco7  a  • 
budo^/A 

LT3527A" 

SN75172 

LTC486* 

SN75174 

LTC487* 

SN75176 

LTC485* 

bN75186 

LT1 1 34*' 

I  L431  Ar 

LT1431* 

TSC04 

■  iiooc  1  n 
LMdob-  1  .c 

TSC05 

LM385-2.5 

TSC170 

L 1 3846 

TSC171 

LT3847" 

I  bC232 

LT1080** 

LT1081** 

TSC91 1 

L  1  U  1  UDU 

i  ouyi  3 

LT1078" 

LTC1051* 

TSC914 

LT1079** 

LTC  1053* 

TSC918 

LTC7652" 

TSC962 

LTC 1046" 

TSC7650 

LTC  1050 

TSC7652 

LTC7652 

LTC  1052 

TSC7660 

LTC1044* 

TSC9491 

LM385-1.2 

LT1004C-1.2 

TSC9495 

REF02 

LT1019M-5 

LT1021-5" 

TSC9496 

REF01E 

*LTC  Improved  Replacement:  100%  Pin-for-pin  compatible  with  better  electfical  specifications. 
"Similar  Device:  Please  consult  the  data  sheet  to  determine  the  suitability  of  the  replacement  for  specific 
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TECHNOLOGY 


INDEX 


SECTION  2— AMPLIFIERS 

INDEX  2-2 

SELECTION  GUIDES    2-3 

PROPRIETARY  PRODUCTS 

PRECISION  OPERATIONAL  AMPLIFIERS  2-15 

L  T1BB7CS8/L  T1037CS8,  Low  Noise,  High  Speed  Precision  Operational  Amplifiers  2-16 

LT1013/LT1014,  Dual/Quad  Precision  Operational  Amplifiers  2-19 

LT1028CS8,  Ultra-Low  Noise  Precision  High  Speed  Operational  Amplifier  2-38 

LT1057S/LT1057IS,  LT1058S/LT1058IS,  Dual/Quad  JFET Input  Precision  High  Speed  Op  Amps  2-41 

LT1B57S8/L  T1057IS8,  Dual  JFET  Input  Precision  High  Speed  Op  Amps  2-44 

LT1077,  Mi  empower,  Single  Supply,  Precision  Operational  Amplifier  2-45 

LT1078/LT1079,  Micropower,  Dual/Quad,  Single  Supply,  Precision  Operational  Amplifiers  2-56 

LT1097,  Low  Cost,  Low  Power  Precision  Operational  Amplifier  2-74 

LT1112/LT1114,  Dual/Quad  Low  Power  Precision,  Picoamp  Input  Operational  Amplifiers  13-43 

LT1115,  Ultra-Low  Noise,  Low  Distortion,  Audio  Operational  Amplifier  2-82 

LT1124/L  T1125,  Dual/Quad  Low  Noise,  High  Speed  Precision  Operational  Amplifiers  2-94 

LT1126/LT1127 ,  Dual/Quad  Decompensated  Low  Noise,  High  Speed  Precision  Operational  Amplifiers  2-105 

LT1128,  Unity  Gain  Stable  Ultra-Low  Noise  Precision  LT1B28  Type  Operational  Amplifier  13-50 

LT1178/LT1179, 17\iA  Max,  Dual/Quad,  Single  Supply,  Precision  Operational  Amplifiers  2-112 

PRECISION  OPERATIONAL  AMPLIFIERS,  ENHANCED  HUD  SECOND  SOURCE 
OP-270/OP-470,  Dual/Quad  Low  Noise,  Precision  Operational  Amplifiers  2-120 

HIGH  SPEED  AMPLIFIERS  2-125 

LT1190,  Ultra  High  Speed  Operational  Amplifier  (Av>  1)  2-126 

LT1191,  Ultra  High  Speed  Operational  Amplifier  (Av>  1)  2-137 

LT1192,  Ultra  High  Speed  Operational  Amplifier  (Av>  5)  2-148 

LT1193,  Video  Difference  Amplifier,  Adjustable  Gain  2-159 

LT1194,  Video  Difference  Amplifier,  Gain  of  18  2-171 

L  T1208,  Low  Power  High  Speed  Operational  Amplifier  2-1 82 

LT1217,  Low  Power  High  Speed  Current  Feedback  Amplifier  2-190 

LT1228,  Very  High  Speed  Operational  Amplifier  (Av>  1)  2-198 

LT1221,  Very  High  Speed  Operational  Amplifier  (Av>  4)  2-210 

LT1222,  LowNoise,  Very  High  Speed  Operational  Amplifier  (Av>  18)  2-218 

L  T1223,  188MHz  Current  Feedback  Amplifier  2-226 

LT1224,  Very  High  Speed  Operational  Amplifier  (Av>  1)  2-237 

LT1225,  Very  High  Speed  Operational  Amplifier  (Av>  5)  2-245 

LT1228,  LowNoise  Very  High  Speed  Operational  Amplifier  (Av>  25)  2-253 

LT1227,  148MHz  Video  Current  Feedback  Amplifier  13-65 

L  T1228,  188MHz  Current  Feedback  Amplifier  with  DC  Gain  Control  2-261 

LT1229/LT123B,  Dual  and  Quad  1 88MHz  Current  Feedback  Amplifiers  2-280 

ZERO  DRIFT  OPERATIONAL  AMPLIFIERS  2-291 

LTC1847,  Dual  Micropower  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-292 

LTC1849,  Low  Power  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-299 

LTC1851/LTC1B53,  Dual/Quad  Precision  Zero  Drift  Operational  Amplifiers  with  Internal  Capacitors  2-306 

L  TC1 158,  ±15V  Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  2-321 

LTC1151,  Dual +15V Zero  Drift  Operational  Amplifier  with  Internal  Capacitors  13-56 

LTC1258,  Very  Low  Noise  Zero  Drift  Bridge  Amplifier  13-80 
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-  Precision 


Op  Amps  | 


Dual  Supply 


Low  V„ 


Low  lc 


Zero-Drift 

LTC1050 (S,5nV) 
LTC1051  (D,  5pV) 
LTC1052 (S,  5pV) 
LTC1053 (Q, 5mV) 
LTC1150 (S,5pV) 
LTC1047(D,  10pV) 
LTC1049 (S,  10pV) 


Bipolar 


Low  Noise 


Zero-Drift 


LTC1150 (S, 30pA) 
LTC1050 (S, 30pA) 
LTC1052 (S, 30pA) 
LTC1051  (D, 50pA) 
LTC1053 (Q, 50pA) 
LTC1047 (D, 50pA) 
LTC1049(S, 50pA) 


LT1028  (S,  1.1nV/*z) 
LT111S  (S,  UnWffiz) 
LT1007  (S,  3.8nVAfHz) 
LT1037  (S,  3.8nV/fflz) 
LT1124  (D,  4.2nV/S/Hz) 
LT112S  (Q,  4.2nVA/Hz) 
LT1126(D,4.2nV/\lHz) 
LT1127  (Q,  4.2nVA/Hz) 


Large  AVOL 


Bipolar 


LT1001  (S,  25(iV) 
LT1007 (S,25MV) 
LT1012(S,25pV) 
LT1028 (S,40pV) 
LT1077 (S,40pV) 
LT1006  (S,  50(iV) 
LT1024  (Q,50pV) 
LT1097  (S,  50pV) 
LT1002(D,  60p.V) 
LT1078(D, 70pV) 
LT1079  (Q,  70pV) 
LT1124  (D,  70pV) 
LT1125  (Q  100p.V) 
LT1008 (S,  120p.V) 


LT1022 (S, 
LT1055 (S, 
LT1056 (S, 
LT1057(D, 
LT1058 (0, 
LT1122  (S, 
LT1008 (S, 
LT1012 (S, 
LT1 024  (0, 
LT1097 (S, 


50pA) 

50pA) 

50pA) 

50pA) 

50pA) 

75pA) 

100pA) 

100pA) 

120pA) 

250pA) 


LT1007  (S,  7M) 
LT1028  (S.7M) 
LT1037  (S,  7M) 
LT1115 (S,  7M) 
LT1124  (D,  5M) 
LT1125 (Q,  5M) 
LT1126  (D,  5M) 
LT1127  (D,  5M) 
LTC1049  (S,3M) 
LTC1050 (S,  3M) 
LT1013  <D,  1.5M) 
LT1014  (Q,  1.5M) 
LT1006(S,  1M) 
IT1077(S,1M) 
LT1078(D,  1M) 
LT1079  (Q,  1M) 
LTC1051  (0, 1M) 
LTC1052  (S,1M) 
LTC1053  (Q,  1M) 
LT1097  (S,700k) 
LT1012  (S,  300k) 


-  Low  Power 


Single  Supply 

Single  or  Dual 
Supplies 

Low  Vos , 
Low  Power 

Low  Vos , 
Micropower 

LT1178  (D.  36pA) 
LT1077  (S,  60pA)) 
LT1179  (Q,  72pA) 
LT1078  (D,  1 OOpA) 
LT1079(Q,  200pA) 
LT1006 (S,  520mA) 
LT1013  (D,  1mA) 
LT1014  (Q,  2mA) 


LT1006  (S,  50|iV.  520pA) 
LT1013  (D.  150|aV,  0.9mA) 
LT1014(O,180pV,  1.8mA) 


LTC1047(D, 10pV,  55pA) 
LT1077(S,40pA/,  60pA) 
LT1078  (D,  70pV,  100pA) 
LT1178  (D,  70p.V,36pA) 
LT1079  (0, 100pV,  200pA) 
LT1179  (Q,  100pV,72pA) 


L  High  Speed 


Wide  Bandwidth 


Fast  Slew  Rate 
Fast  Settling 


Video 


Non-Video     Low  Power 


LT1227  (S, 
LT1223  (S, 
LT1229  (D, 
LT1230 (Q, 
LT1190 (S, 
LT1191  (S, 
LT1192  (S, 
LT1224(S, 
LT1225  (S, 
LT1226  (S, 


1100V/ps) 

1000V/ps)* 

1000V/ps)' 

lOOOV/ps)' 

450V/MS) 

450V/ps) 

450V/ps) 

250V/ps) 

250W|is) 

250V/MS) 


LT1220(S,  180V/MS) 
LT1221  (S,  180V/ps) 
LT1222  (S,  180V/ps) 
LT1122(S,80V/ps) 
LT1022  (S,23Wps) 
LT1056  (S,  12V/HS) 
LT1055  (S,10V/(is) 
LT1057  (D,  10V/MS) 
LT1058  (Q,  10V/MS) 


LT1227  (S,  140MHz)* 
LT1223  (S.  100MHz)* 
LT1229(D,  100MHz)* 
LT1230  (Q,100MHz)* 
LT1191  (S,  90MHz) 
LT1193  (S,  70MHz) 
LT1190  (S,  50MHz) 
LT1192(S,  40MHz) 
LT1194  (S.  40MHz) 
LT1217,  (S,  10MHz) 


LT1224  (S,  45MHz) 
LT1220  (S,  45MHz) 
LT1222  (S,  40MHz) 
LT1226  (S,  40MHz) 
LT1221  (S,37MHz) 
LT1225  (S,  30MHz) 
LT1028  (S,  25MHz) 
LM118  (S.  15MHz) 
LT1122  (S,  14MHz) 
LT1037(S,9MHz) 


LT1200(S,  1mA,  10MHz) 
LT1217  (S,  1mA,  10MHz)* 


*  Current  Feedback  Amplifier 
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OP  AMP  SELECTION  GUIDE 


miLITHRV  PMCISIOn  OP  RfllPS 


PART 
NUMBER 

ELECTRICAL  CHARACTERISTICS 

IMPORTANT  FEATURES 

Vos 
MAX 

w 

TC 

Vos 

(m-W°c) 

l| 
MAX 

(nA) 

A(0L 
MIN 

(V/mV) 

SLEW  RATE 
MIN 

(V/jis) 

NOISE 
MAX  10Hz 
(nV.Hz) 

PACKAGES 
AVAILABLE 

SINGLE 

LT1001AM 

15 

0.6 

2.0 

450 

0.15 

18 

H,  J8 

Extremely  Low  Offset  Voltage,  Low  Noise, 
Low  Drift 

LT1001M 

60 

1.0 

3.8 

400 

0.15 

18 

H,  J8 

LT1 006AM 

50 

13 

15 

1000 

0.25 

24 T 

H,  J8 

Single  Supply  Operation,  Fully  Specified  for 
+5V  Supply 

LT1006M 

80 

1.8 

25 

700 

0.25 

24T 

H,  J8 

LT1 007AM 

25 

0.6 

35 

7000 

1.7 

4.5 

H,  J8 

Extremely  Low  Noise,  Low  Drift 

LT1007M 

60 

1.0 

55 

5000 

1.7 

4.5 

H,  J8 

LT1008M 

120 

1.5 

0.1 

200 

0.1 

30 

H 

Low  Bias  Current,  Low  Power 

LT1010M 

90mV 

150nA 

0.995 

75 

90T 

H.  K 

High  Speed  Buffer,  Drives  ±10V  into  75£i 

LT1012M 

35 

1.5 

0.1 

200 

0.1 

30 

H 

Low  V0s,  Low  Power 

LT1022AM 

250 

5.0 

0.05 

150 

23 

50 

H 

Very  High  Speed  JFET  Input  Op  Amp  with 
Very  Good  DC  Specs 

LT1022M 

600 

9.0 

0.05 

120 

18 

60 

H 

LT1 028AM 

40 

0.8 

90 

7000 

11 

1.7 

H,J8 

Lowest  Noise,  High  Speed,  Low  Drift 

LT1028M 

80 

1.0 

180 

5000 

11 

1.9 

H.J8 

LT1037AM 

25 

0.6 

35 

7000 

11 

4.5 

H,J8 

Extremely  Low  Noise,  High  Speed 

LT1037M 

60 

1.0 

55 

5000 

11 

4.5 

H.J8 

LT1 055AM 

150 

4 

0.05 

150 

10 

50 

H 

Lowest  Offset,  JFET  Input  Op  Amp 
Combines  High  Speed  and  Precision 

LT1055M 

400 

8 

0.05 

120 

7.5 

60 

H 

LT1 056AM 

180 

4 

0.05 

150 

12 

50 

H 

LT1056M 

450 

8 

0.05 

120 

9 

60 

H 

LT1 077AM 

40 

0.4 

9 

250 

0.12 

40 

H,  J8 

Micropower,  Single  Supply,  Precision, 
Low  Noise 

LT1077M 

60 

0.4 

11 

200 

0.12 

29* 

H,  J8 

LTC1 050AM 

5 

0.05 

0.035 

3162 

4f 

0.6uVp-p" 

H,J8 

Auto  Zeroed  Precision  Op  Amp,  No  External 
Capacitors  Required 

LTC1050M 

5 

0.05 

0.050 

1000 

4f 

0.6uVp-p*" 

H,J8 

LTC1052M 

5 

0.05 

0.03 

1000 

3f 

0.5u.Vp-p" 

H,  J,  J8 

Low  Noise,  Auto  Zeroed  Precision  Op  Amp 

LTC1150M 

5 

±0.05 

0.03 

10000 

3f 

0.6u.Vp-p" 

H,  J8 

Auto  Zeroed  Precision  Op  Amp  That 
Operates  on  +15V  Supplies.  No  External 
Capacitors  Required 

LF155A 

2000 

5 

0.05 

75 

5 

25+* 

H 

JFET  Inputs,  Low  I  Bias,  No  Phase  Reversal, 
Guaranteed  TC  Vos  on  All  Grades 

LF155 

3500 

15 

0.10 

50 

5 

25'- 

H 

LF156A 

2000 

5 

0.05 

75 

10 

15f- 

H 

LF156 

3500 

15 

0.10 

50 

9 

15f* 

H 

LM10 

2000 

2* 

20 

120 

50* 

H,  J8 

On-Chip  Reference  Operates  with  +1.2V 
Single  Battery 

LM101A 

2000 

15 

75 

25 

0.3 

28f 

H,  J8 

Uncompensated  General  Purpose 

LM107 

2000 

15 

75 

25 

0.3 

28f 

H,  J8 

Compensated  General  Purpose 

LM108A 

500 

5 

2 

40 

0.1 

30f 

H 

Low  Bias  Current,  Low  Supply  Current 

LM108 

2000 

15 

3 

25 

0.1 

30f 

H 

LM118 

4000 

250 

25 

50 

42+ 

H 

High  Speed,  15MHz 

LT118A 

1000 

250 

200 

50 

4?* 

H,  J8 

High  Speed,  15MHz 

0P-05A 

150 

0.9 

0.1 

18 

H,  J8 

Low  Noise,  Low  Offset  Drift  with  Time 

0P-05  500 

2~0 

200 

0.1 

18 

H.J8 

OP-07A  25 

ai 

2 

300 

0.1 

18 

H.  J8 

Low  Initial  Offset,  Low  Noise,  Low  Drift 

OP-07 

75 

1.3 

3 

200 

0.1 

18 

H,  J8 

0P-15A 

500 

5 

0.05 

100 

10 

20t- 

H 

Precicion  JFET  Input, 

Low  I  Bias,  No  Phase  Reversal 

0P-15B 

1000 

10 

0.1 

75 

7.5 

20* ' 

H 

0P-15C 

3000 

15 

0.2 

50 

5 

20f' 

H 

f  Typical  Spec 
*  100Hz  Noise 
"DCtolHz  Noise 

NOTE:  See  page  4-3  tor  DESC  Cross  Reference  Numbers 


OP  AMP  SELECTION  GUIDE 


miLITRRV  PRCCISIOn  OP  Amps 


PART 
NUMBER 

ELECTRICAL  CHARACTERISTICS 

IMPORTANT  FEATURES 

Vos 
MAX 

w 

TC 

Vos 

(UV/=C) 

Is 
MAX 

m 

Avol 
MIN 

(V/mV) 

SLEW  RATE 
MIN 

NOISE 
MAX  10Hz 
(nV  Hz) 

PACKAGES 
AVAILABLE 

SINGLE 

0P-16A 

500 

5 

0.5 

100 

18 

20*' 

H 

Precicion  JFET  Input, 

High  Speed,  No  Phase  Reversal 

0P-16B 

1000 

10 

0.1 

75 

12 

20*' 

H 

0P-16C 

3000 

15 

0.2 

50 

9 

20*' 

H 

OP-27A 

25 

0.6 

40 

1000 

1.7 

5.5 

H.J8 

Very  Low  Noise,  Unity  Gain  Stable 

0P-27C 

100 

1.8 

80 

700 

1.7 

8.0 

H,  J8 

0P-37A 

25 

0.6 

40 

1000 

11 

5.5 

H.J8 

Very  Low  Noise.  Stable  for  Gain  >  5 

0P-37C 

100 

1.8 

80 

700 

11 

8.0 

H.J8 

0P-97A 

25 

0.6 

±0.1 

300 

0.1 

30 

H.J8 

Low  Noise.  Low  Bias  Current 

DUAL 

LT1 002AM 

60 

0.9 

3.0 

400 

0.15 

20 

J 

Dual,  Matched  LT1001  High 
CMRR,  PSRR  Matching 

LT1002M 

100 

1.3 

4.5 

350 

0.15 

20 

J 

LT1013AM 

150 

2.0 

20 

1500 

0.2 

24+            H, J8 

Precision  Dual  Op  Amp  in 
8-Pin  Package 

LT1013M 

300 

2.5 

30 

1200 

0.2 

24* 

H,  J8 

LT1 024AM 

50 

1.5 

0.12 

250 

0.1 

33 

D 

Low  Vos.  Low  Power, 
Matching  Specs 

LT1024M 

100 

2.0 

0.20 

180 

0.1 

33 

D 

LT1 057AM 

450 

7 

0.05 

150 

10 

26* 

H.J8 

Low  Offset,  JFET  Input  Multiple  Op  Amps 
Combine  High  Speed  and  Excellent  DC  Specs 

LT1057M 

600 

12 

0.075 

100 

8 

26* 

H.J8 

LT1 078AM 

70 

2.0 

0.25 

250 

0.07* 

40 

H,  J8 

Micropower,  Precision. 
Single  Supply,  Low  Noise  Dual 

LT1078M 

120 

2.5 

0.35 

200 

0.07* 

29* 

H.  J8 

LT1 124AM 

170 

1 

55 

1000 

2.3 

5.5 

J8 

Dual  Precision  Op  Amp, 
Low  Noise,  High  Speed 

LT1124M 

250 

1.5 

70 

700 

2.0 

5.5 

J8 

LT1126A 

170 

1.0 

55 

1000 

7.2 

5.5 

J8 

LT1126 

250 

1.5 

70 

700 

7.0 

5.5 

J8 

LT1 1 78AM 

70 

2.2 

5 

140 

0.013 

75 

H.  J8 

17uA  Max,  Single  Supply. 
Precision  Dual 

LT1178M 

120 

3.0 

6 

110 

0.013 

50+ 

J,  N 

LTC1051M 

5 

0.05 

0.05 

1000 

4f 

0.4uVp-p" 

J8 

Dual,  Precision  Auto  Zeroed  Op  Amp. 
No  External  Capacitors  Required. 

LF412AM 

1000 

10 

0.1 

100 

10 

20*' 

H.  J8 

High  Performance  Dual  JFET  Input  Op  Amp 

LH2108A 

500 

5.0 

2 

40 

0.1 

30* 

D 

Dual,  Low  Bias  Current, 
Side  Brazed  Package 

LH2108 

2000 

15.0 

2 

25 

0.1 

30* 

D 

0P-215A 

1000 

10 

0.1 

150 

10 

20*' 

H,  J8 

High  Performance  Dual  JFET 
Input  Op  Amp 

0P-215C 

3000 

20 

0.2 

50 

8 

20*' 

H,  J8 

0P-227A 

80 

1.0 

40 

3000 

1.7 

6 

J 

Dual  Matched  OP-27 

0P-227C 

180 

1.8 

80 

2000 

1.7 

9 

J 

0P-237A 

80 

1.0 

40 

3000 

10 

6 

J 

Dual  Matched  OP-37 

OP-237C 

180 

1.8 

80 

2000 

10 

9 

J 

OP-270A 

175 

1 

60 

400 

1.7 

3.6* 

J8 

Dual  Precision  Op  Amp,  Low  Noise 

QUAD 

LT1014AM 

180 

2.0 

20 

1500 

0.2 

24* 

J 

Precision  Quad  Op  Amp  in  14-Pin  Package 

LT1014M 

300 

2.5 

30 

1200 

0.2 

24* 

J 

LT1 058AM 

600 

10 

0.05 

150 

10 

26+ 

J 

Low  Offset  JFET  Input  Multiple  Op  Amps 
Combine  High  Speed  and  Excellent  DC  Specs 

LT1058M 

1000 

8 

29* 

LT1 079AM 

250  0.07t 

40 

J 

Micropower,  Precision,  Single  Supply, 
Low  Noise  Quad 

LT1079M 

150 

2.5 

0.35 

200 

0.07* 

26* 

J 

LT1 125AM 

170 

55 

1000 

2.3 

5.5 

J 

Quad  Precision  Op  Amp.  Low  Noise, 
High  Speed 

LT1125M 

250 

1.5 

70 

700 

2.0 

55 

J 

LT1127A 

190 

1.0 

55 

1000 

7.2 

5.5 

J 

LT1127 

290 

1.5 

70 

700 

7.0 

5.5 

J 

LT1 179AM 

100 

2.2 

3 

140 

0.013 

75 

J 

17pA  Max,  Single  Supply, 
Precision  Quad 

LT1179M 

150 

3.0 

6 

110 

0.013 

50* 

J 

LTC1053M 

5 

0.05 

0.06 

1000 

4+ 

0.4u.Vp-p" 

J 

Quad  Precision  Auto  Zeroed  Op  Amp, 
No  External  Capacitors  Required, 

OP-470A 

600 

2 

50 

400 

1.4 

6.5 

J 

Quad  Precision  Op  Amp,  Low  Noise 

Typical  Spec      '100Hz  Noise      "  DC  to  1Hz  Noise         NOTE:  See  page  4-3  for  DESC  Cross  Reference  Numbers 


OP  AMP  SELECTION  GUIDE 


commcRciRi  pnccision  op  rhips 


PART 
NUMBER 

ELECTRICAL  CHARACTERISTICS 

IMPORTANT  FEATURES 

MAX 

m 

TC 

Vos 

W-C) 

l> 
MAX 
(nA) 

A»0L 
MIN 

(V/mV) 

SLEW  RATE 
MIN 

(V/us) 

NOISE 
MAX  10Hz 
(nV/VHz) 

PACKAGES 
AVAILABLE 

SINGLE 

LT1001AC 

25 

0.6 

2.0 

450 

0.15 

18 

H,J8,  N8 

Extremely  Low  Offset  Voltage,  Low  Noise, 
Low  Drift 

LT1001C 

60 

1.0 

3.8 

400 

0.15 

18 

H,  J8,  N8,  S8 

LT1006AC 

50 

1.3 

15 

1000 

0.25 

24* 

H,  J8 

Single  Supply  Operation,  Fully  Specified  for 
+5V  Supply 

LT1006C 

80 

1.8 

25 

700 

0.25 

24* 

H,  J8,  N8 

LT1006S8 

400 

3.5 

25 

700 

0.25 

25 

S8 

LT1007AC 

25 

0.6 

35 

7000 

1.7 

4.5 

H,  J8,  N8 

Extremely  Low  Noise,  Low  Drift 

LT1007C 

60 

1.0 

55 

5000 

1.7 

4.5 

H,  J8,  N8,  S 

LT1008C 

120 

1.5 

0.1 

200 

0.1 

30 

H,  N8 

Low  Bias  Current,  Low  Power 

LT1010C 

100mV 

0.6mV/°C* 

250pA 

0.995 

75 

90* 

H,  K,T 

High  Speed  Buffer,  Drives  ±10V  into  75£2 

LT1012C 

25 

0.6 

100 

300 

0.1 

30 

H,  N8 

Low  Vos,  Low  Power 

LT1012CA 

50 

1.5 

0.15 

200 

0.1 

30 

H,  N8 

LT1012D 

60 

1.7 

150 

200 

0.1 

30 

H,  N8 

LT1012S8 

120 

1.8 

0.28 

200 

0.1 

30 

S8 

LT1022AC 

250 

5.0 

0.05 

150 

23 

50 

H 

Very  High  Speed  JFET  Input  Op  Amp  with 
Very  Good  DC  Specs 

LT1022CH 

600 

9.0 

0.05 

120 

18 

60 

H 

LT1022CN8 

1000 

15.0 

0.05 

100 

18 

60 

N8 

LT1028AC 

40 

0.8 

90 

7000 

11 

1.7 

H.  J8,  N8 

Lowest  Noise,  High  Speed,  Low  Drift 

LT1028C 

80 

1.0 

180 

5000 

11 

1.9 

H,  J8,  N8,  S 

LT1037AC 

25 

0.6 

35 

7000 

11 

4.5 

H,J8.  N8 

Extremely  Low  Noise,  High  Speed 

LT1037C 

60 

1.0 

55 

5000 

11 

4.5 

H,  J8,  m,  S 

LT1055AC 

150 

4 

0.05 

150 

10 

50 

H 

Lowest  Offset,  JFET  Input  Op  Amp  Combines 
High  Speed  and  Precision 

LT1055C 

400 

8 

0.05 

120 

7.5 

60 

H 

LT1055CN8 

700 

12 

0.05 

120 

7.5 

60 

N8 

LT1055S8 

1500 

15 

0.1 

120 

7.5 

70 

S8 

LT1056AC 

180 

4 

0.05 

150 

12 

50 

H 

LT1056C 

450 

8 

0.05 

120 

9 

60 

H 

LT1056CN8 

800 

12 

0.05 

120 

g 

60 

N8 

LT1056S8 

1500 

15 

0.1 

120 

9.0 

70 

S8 

LT1077AC 

40 

0.4 

9 

250 

0.12 

40 

H,  J8,  N8 

Micropower  Single  Supply  Precision 
Low  Noise 

LT1 077C 

60 

0.4 

1") 

200 

0.12 

2g+ 

H  18  Nfi 

n,  jo,  i*o 

LT1077S8 

150 

3.0 

11 

240 

0.05 

28+ 

S8 

LT1097C 

50 

1.0 

±0.250 

700 

0.1 

16* 

N8 

Low  Cost,  Low  Power  Precision 

LT1097S8 

60 

1.4 

±0.350 

700 

0.1 

16+ 

S8 

LT1115C 

280 

0.5  (Typ) 

±380 

2000 

10 

1.8 

N8,S 

Lowest  Noise,  Ultra  Low  Distortion  Audio 
Optimized  Op  Amp 

LTC1049C 

10 

0.1 

+  0.050 

3162 

0.8* 

1.0uVp-p" 

J8,  N8 

Auto  Zeroed  Precision  Op  Amp,  No  External 
Capacitors  Required 

LTC1050AC 

5 

0.05 

0.035 

3162 

4* 

0.6nVp-p" 

H,  J8,  N8,  S8 

LTC1050C 

5 

0.05 

0.050 

1000 

4* 

0.6uVp-p** 

H,  J8,  N8,  S8 

LTC1052C 

5 

0.05 

0.03 

1000 

3* 

0.5uVp-p" 

H,  N8,  N 

Low  Noise,  Auto  Zeroed  Precision  Op  Amp 

LTC7652C 

5 

0.05 

0.03 

1000 

3* 

0.5uVp-p" 

H,  N8 

LTC1150 

5 

0.05 

0.03 

10000 

3* 

0.6uVp-p" 

H,  JB,  N8,  S8 

Auto  Zeroed  Precision  Op  Amp  That  Operates 
on  Standard  ±15V  Supplies.  No  External 
Capacitors  Required 

LF355A 

2000 

5 

0.05 

75 

5 

25** 

H,  N8 

JFET  Inputs,  Low  I  Bias,  No  Phase  Reversal 

LF356A 

2000 

5 

0.05 

75 

10 

15*" 

H,  N8 

LM10B 

2000 

2* 

20 

120 

50* 

H,  J8 

On-Chip  Reference  Operates  with  +1.2V 
Single  Battery 

LM10BL 

2000 

2* 

20 

60 

50* 

H.J8 

LM10C 

4000 

5+ 

30 

80 

50* 

H.  J8.  N8 

LM10CL 

4000 

5+ 

30 

40 

50* 

H.J8.N8 

*  Typical  Spec  *  100Hz  Noise  **  DC  to  1  Hz  Noise 
NOTE:  See  page  4-3  for  DESC  Cross  Reference  Numbers 
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OP  AMP  SELECTION  GUIDE 


commcRciAi  precision  op  amps 


PART 
NUMBER 

ELECTRICAL  CHARACTERISTICS 

IMPORTANT  FEATURES 

MAX 

TC 
Vos 
(uV/°C) 

lg 
MAX 

(nA) 

MIN 

(WmV) 

SLEW  RATE 
MIN 

f»W) 

NOISE 
MAX  10Hz 

(nVA/Hz) 

PACKAGES 
AVAILABLE 

SINGLE 

i  M308A 

500 

5 

7 

60 

0.1 

30* 

H,  N8 

Low  Bias,  Supply  Current 

LT318A 

1000 

250 

200 

50 

42* 

H,  J8,  N8 

High  Speed,  15MHz 

LM318 

10000 

500 

25 

50 

42* 

H,  J8,  IMS,  S8 

High  Speed,  15MHz 

OP-05C 

1300 

4.5 

7 

120 

0.1 

20 

H.J8,  N8 

Low  Noise,  Low  Offset  Drift  With  Time 

OP-05E 

500 

2.0 

4 

200 

0.1 

18 

H,  J8,  N8 

OP-07C 

150 

1.8 

7 

120 

0.1 

20 

H,  J8,  N8,  S8 

Low  Initial  Offset,  Low  Noise,  Low  Drift 

OP-07E 

75 

1.3 

4 

200 

0.1 

18 

H,J8,  N8 

0P-15E 

500 

5 

0.05 

100 

10 

20* ' 

H,N8 

Precision  JFET  Input,  Low  I  Bias, 
No  Phase  Reversal 

0P-15F 

1000 

10 

0.1 

75 

7.5 

20*" 

H,  N8 

0P-15G 

3000 

15 

0.2 

50 

5 

20** 

H,N8 

0P-16E 

500 

5 

0.05 

100 

18 

20*' 

H.N8 

Precision  JFET  Input,  High  Speed, 
No  Phase  Reversal 

0P-16F 

1000 

10 

0.1 

75 

12 

20*  * 

H,N8 

0P-16G 

3000 

15 

0.2 

50 

9 

20*' 

H,N8 

0P-27E 

25 

0.6 

40 

1000 

1.7 

5.5 

H.J8,  N8 

Very  Low  Noise,  Unity  Gain  Stable 

OP-27G 

100 

1.8 

80 

700 

1.7 

8.0 

H,  N8 

0P-37E 

25 

0.6 

40 

1000 

11 

5.5 

H.  J8.  N8 

Very  Low  Noise,  Stable  for  Gains  >  5 

0P-37G 

100 

1.8 

80 

700 

11 

8.0 

H,  N8 

0P-97E 

25 

0.6 

±0.1 

300 

0.1 

30 

H,  N8 

Low  Power,  Low  le,  Precision 

DUAL 

LT1002AC 

60 

0.9 

3.0 

400 

0.15 

20 

J,N 

Dual,  Matched  LT1001  High  CMRR, 
PSRR  Matching 

LT1002C 

100 

1.3 

45 

350 

0.15 

20 

J,N 

LT1013AC 

150 

2.0 

20 

1500 

0.2 

24* 

H.J8 

Precision  Dual  Op  Amp  in  8-Pin  Package 

LT1013C 

300 

2.5 

30 

1200 

0.2 

at* 

H.J8,  N8 

LT1013D 

800 

5.0 

30 

1200 

0.2 

24+ 

N8.S8 

LT1024AC 

50 

1.5 

0.12 

250 

0.1 

33 

N 

Low  Vos,  Low  Power,  Matching  Specs 

LT1024C 

100 

2.0 

0.20 

180 

0.1 

33 

N 

LT1057AC 

450 

7 

0.05 

150 

10 

26* 

H,  J8 

Low  Offset  JFET  Input  Multiple  Op  Amps 
Combine  High  Speed  and  Excellent  DC  Specs 

LT1057ACN8 

450 

10 

0.05 

150 

10 

26* 

N8 

LT1057C 

300 

12 

0.075 

100 

8 

26* 

H.J8 

LT1057CN8 

800 

16 

0.075 

100 

8 

26* 

N8 

LT1057S 

2000 

5* 

0.1 

100 

8 

26* 

S 

LT1057IS 

2000 

5* 

0.1 

100 

8 

26* 

s 

LT1078AC 

70 

2.0 

8 

250 

0.07* 

40 

H,  J8,  N8 

Micropower,  Precision, 
Single  Supply,  Low  Noise  Dual 

LT1078C 

120 

2.5 

10 

200 

0.07* 

29* 

H,J8,  N8,S 

LT1124AC 

70 

1 

55 

2000 

3 

5.5 

N 

Dual  Precision  Op  Amp, 
Low  Noise,  High  Speed 

LT1124C 

100 

1.5 

70 

1500 

2.7 

5.5 

J,  N,  S 

LT1126AC 

70 

1.0 

20 

2.0 

8 

5.5 

N8 

LT1126C 

100 

1.5 

30 

1.5 

8 

5.5 

J8,  N8,  S8 

LT1178AC 

70 

2.2 

5 

140 

0.013 

75 

H,  J8,  N8 

17uA  Max,  Single  Supply,  Precision  Dual 

LT1178C 

120 

3.0 

6 

110 

0.013 

50* 

H, J8,  N8 

LTC1047C 

10 

0.01 

0.02 

1000 

0.2+ 

0.8uVp-p'* 

N8.S 

No  External  Capacitors  Required 
Dual,  Precision  Auto  Zeroed  Op  Amp. 

LTC1051C 

5 

0.05 

0.05 

1000 

4* 

0.4nVp-p** 

J8,  N8,  S 

LF412AC 

1000 

10 

0.1 

100 

10 

20** 

H,  J8,  N8 

High  Performance  Dual  JFET  Input  Op  Amp 

0P-215E 

1000 

10 

0.1 

150 

10 

20** 

H,J8,  N8 

0P-215G 

3000 

20 

0.2 

50 

8 

20** 

H.J8,  N8 

0P-227E 

80 

1.0 

40 

3000 

1.7 

6 

J,  N 

Dual  Matched  OP-27 

OP-227G 

180 

1.8 

80 

2000 

1.7 

9 

J,  N 

0P-237E 

80 

1.0 

40 

3000 

10 

6 

J,N 

Dual  Matched  OP-37 

OP-237G 

180 

1.8 

80 

2000 

10 

9 

J,  N 

0P-270A 

75 

1 

20 

750 

1.7 

6.5 

J 

Dual  Op  Amp,  Low  Noise 

OP-270C 

250 

3 

60 

350 

1.7 

N,S 

Typical  Spec      '100Hz  Noise      **  DC  to  1  Hz  Noise     NOTE:  See  page  4-3  for  DESC  Cross  Reference  Numbers 


£.7  UIhSdB 
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OP  AMP  SELECTION  GUIDE 


commencim  pficcision  op  nmps 


PART 
NUMBER 

ELECTRICAL  CHARACTERISTICS 

IMPORTANT  FEATURES 

Vos 
MAX 

(liV) 

TC 

Vos 
(|iV/°C) 

■l 
MAX 
(nA) 

*V0L 
MIN 

(V/mV) 

SLEW  RATE 
MIN 

(V/us) 

NOISE 
MAX  10Hz 

(nV/Vfiz) 

PACKAGES 
AVAILABLE 

QUAD 

LT1014AC 

180 

2.0 

20 

1500 

0.2 

24T 

J 

Precision  Quad  Op  Amp  in  14-Pin  Package 

LT1014C 

300 

2.5 

30 

1200 

0.2 

24* 

J,  N 

LT10140 

800 

5.0 

30 

1200 

0  2 

24* 

N,S 

LT1058AC 

600 

10 

0.05 

150 

10 

26f 

J 

Low  Offset  JFET  Input  Multiple  Op  Amps 
Combine  High  Speed  and  Excellent  DC  Specs 

LT1058ACN 

600 

15 

0.05 

150 

10 

26f 

N 

LT1058C 

1000 

15 

0  075 

100 

8 

26f 

J 

LT1058CN 

1000 

22 

0.075 

100 

8 

26f 

N 

LT1079AC 

120 

2.0 

8 

250 

0.07+ 

40 

J,  N 

Micropower,  Precision,  Single  Supply, 
Low  Noise  Quad 

LT1079C 

150 

2.5 

10 

200 

0.07f 

29f 

J.N,  S 

LT1125AC 

90 

1 

20 

2000 

3 

5.5 

N 

Precision  Quad  Op  Amp, 
Low  Noise,  High  Speed 

LT1125C 

140 

1.5 

30 

1500 

2.7 

5.5 

J,  N,  S 

LT1127AC 

90 

1.0 

20 

2.0 

8 

5.5 

N 

LT1127C 

140 

1.5 

30 

1.5 

8 

5.5 

N»J,S 

LT1179AC 

100 

2.2 

5 

140 

0.013 

75 

J.N 

17|aA  Max,  Single  Supply,  Precision  Quad 

LT1179C 

150 

3.0 

6 

110 

0.013 

50+ 

J.N 

LTC1053C 

5 

0.05 

0.05 

1000 

4* 

0.4nVp-p" 

J.N 

Quad,  Precision  Auto  Zeroed  Op  Amp. 
No  External  Capacitors  Required. 

OP-470A 

400 

2 

25 

500 

1.4 

6.5 

J 

Quad  Op  Amp,  Low  Noise 

OP-470C 

1000 

2* 

60 

400 

1.4 

6.5 

N.  S 

'Typical  Spec  '  100Hz  Noise  **  DC  to  1  Hz  Noise 
NOTE:  See  page  4-3  for  DESC  Cross  Reference  Numbers 


OP  AMP  SELECTION  GUIDE 


miLITRRV  HIGH  SPCCD  OP  RRIPS 


PART 
NUMBER 

ELECTRICAL  CHARACTERISTICS 

IMPORTANT  FEATURES 

MIN 
SLEW 
RATE 

(V/us) 

TYP 
SETTLING  TIME 
TO  0.01% 
(U») 

TYPICAL  GAIN 
BANDWIDTH 
PRODUCT 
(MHz) 

MIN 

(V/mV) 

MAX 

la 

MAX 

(nA) 

PACKAGES 
AVAILABLE 

SINGLE 

LT1 022AM 

23 

1.5 

8.5 

150 

250 

0.05 

H 

Very  Good  DC  Specs 

LT1022M 

18 

1.5 

8.0 

120 

600 

0.05 

H 

LT1 028AM 

11 

* 

75 

7000 

40 

90 

H.  J8 

Lowest  Voltage  Noise,  Good  DC  Specs 

LT1028M 

11 

* 

75 

5000 

80 

180 

H,  J8 

LT1 037AM 

11 

* 

60 

7000 

25 

35 

H.  J8 

Low  Voltage  Noise.  Good  DC  Specs 

LT1037M 

11 

* 

60 

5000 

60 

55 

H,  J8 

LT1 055AM 

10 

1.5 

5.5 

150 

150 

0.05 

H 

Lowest  Offset  JFET  Input  Op  Amps 

LT1055M 

7.5 

1.5 

4.5 

120 

400 

0.05 

H 

LT1 056AM 

12 

1  5 

6.5 

150 

180 

0.05 

H 

LT1056M 

9 

1.5 

5.5 

120 

450 

0.05 

H 

LT1 122AM 

60 

0.340" 
0.540*** 

14 

180 

600 

0.075 

J8 

JFET  Input.  Faster  and  Better  DC  Specs 
Than  OP-42.  A  and  C  Grades  Have  100% 
Tested  Settling  Time 

LT1122BM 

60 

0.350** 

14 

180 

600 

0.075 

J8 

LT1122CM 

50 

0.350" 
0.590**' 

13 

150 

900 

0.1 

J8 

LT1122DM 

50 

0.360" 

13 

150 

900 

0.1 

J8 

Inverting  Applications  Can  Use  External 
Compensation  to  Get  150V/us  Slew  Rate 

LT1190 

325 

0.140* 

50 

8 

14000 

2500 

J8 

Color  Video  Performance,  High  Speed, 
Wide  Bandwidth,  High  Output  Drive 

LT1191 

325 

0.110* 

90 

6 

5000 

2500 

J8 

LT1192 

325 

0.090* 

350 

16 

2500 

2500 

J8 

LT1193 

350 

0.180* 

160 

12000 

3500 

High  Speed,  High  Output  Drive,  High  CMRR, 
Color  Video,  Preset  Gain  and  Adj  Gain 

LT1194 

350 

0.200* 

350 

6000 

3500 

J8 

LT1223 

800 

0.075* 

100 

3000 

J8,  N8.  S8 

High  Speed  Plus  Good  DC  Performance 

LT1228 

300 

0.045* 

100 

15000 

J8 

Electronic  DC  Gain  Control 

LM118 

50 

1* 

15 

25 

4000 

250 

H 

Inverting  Applications  Can  Use  External 
Compensation  to  Get  150V/us  Slew  Rate 

LT118A 

50 

1* 

15 

200 

1000 

250 

H,  J8 

Fast  Slew  Rate 

0P-15A 

10 

4.5 

6 

100 

500 

0.05 

H 

Precision  JFET  Input,  No  Phase  Reversal 

0P-15B 

7.5 

4.5 

5.7 

75 

1000 

0.1 

H 

0P-15C 

5 

4.7 

5.4 

50 

3000 

0.2 

H 

0P-16A 

18 

3  8 

8 

100 

500 

0.05 

H 

Precision  JFET  Input,  No  Phase  Reversal 

0P-16B 

12 

3.8 

7.6 

75 

1000 

0.1 

H 

0P-16C 

9 

4.0 

7.2 

50 

3000 

0.2 

H 

DUAL 

LT1 057AM 

10 

1.4 

3.5 

150 

450 

0.05 

H,  J8 

Low  Offset  Voltage,  JFET  Input 

LT1057M 

8 

1.4 

3 

100 

800 

0.075 

H  J8 

LT1229 

300 

0.045* 

100 

15000 

J8 

Fast  Slew  Rate,  Current  Feedback 
Architecture 

LF412AM 

10 

2.3 

5.7 

100 

1000 

0.1 

H,  J8 

JFET  Input 

OP-215A 

10 

2.3 

5.7 

150 

1000 

0.1 

H,  J8 

JFET  Input 

OP-215C 

8 

2.4 

5.5 

50 

3000 

0.2 

H.J8 

0P-237A 

10 

40 

3000 

80 

40 

J 

Dual  Matched  OP-37 

0P-237C 

10 

40 

2000 

180 

80 

J 

QUAD 

LT1 058AM 

10 

1.4 

3.5 

150 

600 

0.05 

J 

Lowest  Offset  Voltage,  JFET  Input  Ouad 

LT1058M 

8 

1.4 

3 

100 

1000 

0.075 

J 

LT1230 

300 

0.045* 

100 

15000 

J 

Fast  Slew  Rate,  Current  Feedback 
Architecture 

*To  0.1%         "Not  recommended  for  Fast  Settling  Applications.  "10V  Step,  to  1mVat  Sum  Node.       ""Maximum  Value,  10V  Step,  to  1mV  at  Sum  Node. 

NOTE:  See  page  4-3  for  DESC  Cross  Reference  Numbers 
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OP  AMP  SELECTION  GUIDE 


commcRcini  high  spkd  op  ramps 


PART 
NUMBER 

ELECTRICAL  CHARACTERISTICS 

IMPORTANT  FEATURES 

MIN 

SLEW 
RATE 

(V/us) 

TYP 
SETTLING  TIME 
TO  0.01  % 

(US) 

TYPICAL  GAIN 
BANDWIDTH 
PRODUCT 
(MHz) 

MIN 

A»0L 

(V/mV) 

MAX 

Vos 

m 

1 

MAX 

(HA) 

PACKAGES 
AVAILABLE 

SINGLE 

LT1022AC 

23 

1.5 

8.5 

150 

250 

0.05 

H 

JFET  Input,  Very  Good  Specs 

LT1022CH 

18 

1.5 

8.0 

120 

600 

0.05 

H 

LT1022CN8 

18 

1.5 

8.0 

100 

1000 

0.05 

N8 

LT1028AC 

11 

* 

75 

7000 

40 

90 

H,J8,  N8 

Lowest  Voltage  Noise.  Good  DC  Specs 

\\ 

75 

5000 

80 

180 

H,  J8,  N8,  S 

1  T1037AP 

\\ 

60 

7000 

25 

35 

H,  J8,  N8 

Low  Voltage  Noise,  Good  DC  Specs 

LT1037C 

11 

60 

5000 

60 

55 

H,  J8,  N8,  S 

I T1 n^RAP 

L  I  1  UJJHL/ 

10 

1.5 

5.5 

150 

150 

0.05 

H 

Lowest  Offset  Voltage,  JFET  Input  Op  Amp 

i  Tin^r 

LI  1 U J JO 

7  5 

1  5 

4  5 

120 

400 

0  05 

|*| 

Ll  1  U  J  JOIJO 

7  5 

1  5 

4.5 

120 

700 

0.05 

H8 

L  1  1  U J JOO 

7  5 

1  5 

4.5 

120 

1500 

0  1 

S8 

L 1  1 U  juMIj 

12 

1  5 

6  5 

150 

180 

0  05 

H 

1  nwpQt  ntf^pt  Vnltanp  IFFT  Inmit  fin  Amn 

LUWCoL  U 1  iovL  v  Ul Lay c.  Jl  L  F  input  Up  r\1  \1\J 

1  TlfWfiP 
L  1  1  UODIj 

g 

1  5 

5  5 

120 

450 

0  05 

u 

1  TlfWfiPMfl 
LI  IUDOLiIMo 

g 

1  5 

5  5 

120 

800 

0  05 

N8 

LI  lUDOOO 

Q 

1  5 

5  5 

120 

1500 

0  1 

S8 

LT1 1 1 5C 

10 

70 

2000 

280 

380 

N8  S8 

Optimizsd  for  Audio  Applicstions 

L I  I  I  c.£i\\j 

60 

0  340** 
0.540*** 

14 

180 

600 

0  075 

J8  N8 

IFPT  Innnt  Factor  *jniH  Rottor  PiP 

Specs  Than  OP-42.  A  and  C  Have 
Grades  100%  Tested  Settling  Time 

LT1122BC 

60 

0.350" 

14 

180 

600 

0.075 

J8.  N8 

LT1122CC 

50 

0.350** 
0.590*** 

13 

150 

900 

0.1 

J8,  N8,  S8 

LT1122DC 

50 

0.360*  - 

13 

150 

900 

0.1 

J8,  N8,  S8 

LT1190C 

450" 

0.1* 

50 

45** 

2" 

500" 

M8,  S8 

±5V  Supply  Color  Video  Op  Amps 

LT1191C 

450" 

0.1* 

90 

44" 

1" 

500" 

N8.S8 

LT1192C 

450" 

0.1* 

400  (Av>5) 

40** 

0.2" 

500" 

N8.S8 

LT1193 

450" 

0.1* 

70 

— 

2" 

500" 

N8,  S8 

Color  Video  Differential  Amplifier 

LT1194C 

450" 

0.1* 

40 

— 

2" 

500" 

N8,  S8 

LT1200C 

30 

0.430* 

11.0 

4 

1000 

1000 

N8.S8 

Low  Supply  Current  Op  Amp 

LT1217C 

100 

280* 

10.0 

3.1 

3000 

500 

N8,  S8 

Low  Power  Current  Feedback  Amplifier 

LT1220C 

200 

0.09* 

45 

20 

1000 

300 

N8 

Ultra  High  Speed,  Good  DC  Specs 

LT1221C 

200 

0.09* 

150  (Av>4) 

50 

1000 

300 

N8 

LT1222C 

200 

0.09* 

500  (Av>10) 

100 

1000 

300 

N8 

LT1223C 

800 

0.075* 

100 

3.1 

3000 

3000 

N8,  S8 

Current  Feedback  Amplifier 

LT1224 

250 

0.090* 

45 

3.3 

2000 

8000 

J8,  N8,  S8 

High  Speed,  DC  Precision,  Can  Drive 
Unlimited  Capacitive  Load  While  Remaining 
Stable 

LT1225 

250 

0.070* 

150 

12.5 

1000 

8000 

J8,  N8,  S8 

LT1226 

250 

0.075* 

1000 

50 

1000 

8000 

J8,  N8,  S8 

LT1227C 

500 

0.050* 

140.0 

1 

10000 

3000 

N8.S8 

Current  Feedback  Amplifier 

LT1228 

300 

0.045* 

100 

10000 

J8,  N8,  S8 

Electronic  DC  Gain  Control 

LM318 

50 

1* 

15 

25 

10000 

500 

H,  J8,  N8 

Inverting  Applications  Can  Use  External 
Compensation  to  Set  150V/U.S  Slew  Rate 

LT318A 

50 

1* 

15 

200 

1000 

250 

H,  J8,  N8,  S8 

0P-15E 

10 

4.5 

6 

100 

500 

0.05 

H,  N8 

Precision  JFET  Input,  No  Phase  Reversal 

0P-15F 

7.5 

4.5 

5.7 

75 

1000 

0.1 

H.  N8 

0P-15G 

5 

47 

5.4 

50 

3000 

0.2 

H,  N8 

0P-1ISE 

18 

3.8 

8 

100 

500 

0.05 

H,  N8 

0P-16F 

12 

3.8 

7.6 

75 

1000 

0.1 

H,  N8 

0P-16G 

9 

4.0 

7.2 

50 

3000 

0.2 

H,  N8 

+  To  0.1  %  *  Not  recommended  for  Fast  Settling  Applications. 

+t  Typical  Value  *  *  1 0V  Step,  to  1  mV  at  Sum  Node. 

"**  Maximum  Value,  10V  Step,  to  1mVat  Sum  Node. 
NOTE:  See  page  4-3  for  DESC  Cross  Reference  Numbers 
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OP  AMP  SELECTION  GUIDE 


commeRciflL  high  spc€d  op  Amps 


ELECTRICAL  CHARACTERISTICS 

PART 
NUMBER 

MIN 
SLEW 
RATE 

(V/us) 

TYP 
SETTLING  TIME 
TO  0.01  % 

M 

TYPICAL  GAIN 
BANDWIDTH 
PRODUCT 
(MHz) 

MIN 

Avol 
(V/mV) 

MAX 
Vos 

m 

In 
MAX 
(nA) 

PACKAGES 
AVAILABLE 

IMPORTANT  FEATURES 

DUAL 

LT1057AC 

10 

1.4 

3.5 

150 

450 

0.05 

H,J8 

Low  Offset  Voltage,  JFET  Input 

LT1057ACN8 

10 

1.4 

3.5 

150 

450 

0.05 

N8 

LT1057C 

8 

1.4 

3 

100 

800 

0.075 

H.J8 

LT1057CN8 

8 

1.4 

3 

100 

800 

0.075 

N8 

LT1057S 

8 

1.4 

3 

100 

2000 

0  1 

S 

LT1057IS 

8 

1.4 

3 

100 

2000 

0.1 

s 

LT1229 

300 

0.045* 

100 

15000 

N8.J8,  S8 

Fast  Slew  Rate,  Current  Feedback  Architecture 

LF412AC 

10 

2.3 

5.7 

100 

1000 

0.1 

H.J8,  N8 

JFET  Input 

0P-215E 

10 

2.3 

57 

150 

1000 

0.1 

H.J8,  N8 

JFET  Input 

0P-215G 

8 

2.4 

5.5 

50 

3000 

0.2 

H,J8,  N8 

0P-237E 

10 

40 

3000 

80 

40 

J,N 

Dual  Matched  OP-37 

0P-237G 

10 

40 

2000 

180 

80 

J.N 

QUAD 

LT1058AC 

10 

1.4 

3.5 

150 

600 

0.05 

J 

Lowest  Offset  Voltage,  Quad  JFET, 

LT1058ACN 

10 

1.4 

3.5 

150 

600 

0.05 

N 

Input  Op  Amp 

LT1058C 

8 

1.4 

3 

100 

1000 

0.075 

J 

LT1058CN 

8 

1.4 

3 

1000 

0.075 

N 

LT1230 

300 

0.045f 

100 

15000 

NJ.S 

Fast  Slew  Rate,  Current  Feedback  Architecture 

fTo  0.1%  *Not  recommended  for  Fast  Settling  Applications. 
NOTE:  See  page  4-3  for  DESC  Cross  Reference  Numbers 


"10V  Step,  tolmV  at  Sum  Node. 


'"Maximum  Value,  10V  Step,  to  ImVatSum  Node. 


S€l€CTIOn  BY  DCSIGfl  PRRRtnCTCR 

LOW  OFFSET  VOLTAGE  —  Max  Input  Offset  Voltage  (TA  =  25  C) 


<15pV 

<25pV 

<75nV 

<150nV 

<1m» 

LT1001AM 

LT1001AC 

LT1001 

LT1002 

LF412A 

LTC1047 

LT1007A 

LT1002A  (D) 

LT1006 

LH2108A(D) 

LTC1049 

LT1012A 

LT1006A 

LT1008 

LM108A 

LTC1050 

LT1037A 

LT1007 

LT1012S8 

LM308A 

LTC1050A 

OP-07A 

LT1012 

LT1013A  (D) 

LT1013 (D) 

LTC1051 

OP-27A 

LT1012D 

LT1 024(D) 

LT1 014(0) 

LTC1052 

OP-27E 

LT1012S8 

LT1028 

LT1014A  (Q) 

LTC1053 

0P-37A 

LT1024A(D) 

LT1 055AM 

LT1022  ALL 

LTC1150 

OP-37E 

LT1037 

LT1055AC 

LT1055M 

LTC7652 

LT1077 

LT1079A(Q) 

LT1055C 

LT1078A(D) 

LT1 124(D) 

LT1 056AM 

LT1097C 

LT1125A  (Q) 

LT1056AC 

LT1097S8 

LT1126 (D) 

LT1056M 

LT1124A  (D) 

LT1127A  (Q) 

LT1056C 

LT1126A  (D) 

LT1178 (D) 

LT1057  ALL  (D) 

LT1178A  (□) 

LT1179  (Q) 

LT1058  ALL  (O) 

OP-07E 

LT1179A(Q) 

LT1078 (D) 

OP-07 

0P-05A 

LT1079 (Q) 

OP-97A 

OP-07C,  D 

LT1115C 

OP-97E 

OP-27C 
OP-37C 
OP-227A,  E  (D) 

LT1122  ALL 
LT1125 (Q) 
LT1127(Q) 

0P-237A,E(D) 

LT1191 

LT1192 
LT1220 
LT1221 
LT1222 
OP-05 
OP-05E 
OP-15A,  E 
0P-1SB,  F 
OP-16A,  E 
0P-16B,  F 
0P-215A,  E  (D) 

(O)  —  Dual  Op  Amp 
(Q)  —  Quad  Op  Amp 
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OP  AMP  SELECTION  GUIDE 


seieaion  bv  dcsigh  PflRnmcTCR 

LOW  BIAS  CURRENT 

Max  Input  Bias  Current  (Tj  =  25  C 


<0.2nA 

<3nA 

5nA 

<1DnA 

LF155  ALL 

LM108 

LT1001 

LM308A 

LF156  ALL 

LM 1 08A 

LT1002  (D) 

LT1077A 

1  C  1  1  1  A  A 1  1 

Lr412A  ALL 

1  Tlflfll  A 

LI lull  1 A 

LT1178A  (D) 

LT1078  (D) 

LT1008 

L 1  lUU-ifl  (U) 

LT1179A  <Q> 

LT1078A(D) 

1  Tl  n  1  0  Al  1 

LI1U12  ALL 

L 1  lUUo  ALL 

OP-05E 

LT1079  (Q) 

LT1022  ALL 

0P-Q5 

0P-07E 

LT1079A(Q) 

T1IV1J  All  m\ 

LI 1U24  ALL  (U) 

OP-05A 

LT1178  (D) 

LT1055  ALL 

OP-07 

LT1 179  (Q) 

LT1056  ALL 

OP-07A 

OP-05C 

LT1057  ALL  (0) 

LT1058ALL  (Q) 

LT1097 

LT1122  ALL 

LTC1 047(D) 

LTC1049ALL 

LTC1050 

LTC1051 

LTC1052 

LTC1053 

LTC1150 

LTC7652 

0P-15ALL 

0P-16ALL 

0P-97A/E 

0P-215ALL  (D) 

(D)  —  Dual  Op  Amp 
(Q)  —  Quad  Op  Amp 


SINGLE  SUPPLY  OPERATION 

(Inputs  and  Outputs  Operate  Down  to  Ground 

with  +V,  GND  Voltage  Supplies) 


SINGLE 

DUAL 

QUAD 

LT1006 

LT1013 

LT1014 

LT1077 

LT1078 

LT1079 

LTC1049 

LT1178 

LT1179 

LTC1050 

LTC1047 

LTC1053 

LTC1052 

LTC1051 

LTC1150 

LOW  OFFSET  VOLTAGE  DRIFT 
Maximum  Offset  Voltage  Drift 


<  0.05nV/°C 

<0.6n«/  C 

<  WC 

<1.5MVrC 

<2.0uAI/°C 

<3]ivn 

<5u.WC 

LTC1UJ7  D) 

LT1001A 

LT1001 

LT1002  (D) 

LM1CT 

LT1006CN8 

LH2108A(D) 

LTC1050 

LT1007A 

LT1002A  (D) 

LT1006A 

LM10B' 

LT1013C  (D) 

LM10C- 

LTC1050A 

LT1012A 

LT1007 

LT1008 

LT1006 

LT1013M (D) 

LM108A 

LTC1051  (D) 

LT1037A 

LT1012C 

LT1012M 

LT10T2D 

LT1014C  (Q) 

LM308A 

LTC1052 

LTC1049ALL 

LT1037 

LT1024A(D) 

LT1012S8 

LT1014M  (Q) 

LT1006S8 

LTC1053  (Q) 

0P-07A 

LT1028  ALL 

LT1 124(D) 

LT1013A(D) 

LT1078  (0) 

LT1013D  (D) 

LTC1150 

0P-27A/E 

LT1124A(D) 

LT1125  (Q) 

LT1014A  (Q) 

LT1079 (Q) 

LT1014D  (Q) 

0P-37A/E 

LT1125A  (Q) 

LT1126  (D) 

LT1024 (D) 

LT1 178(D) 

LT1022A 

LT1126A  (D) 

LT1127  (Q) 

LT1078A  (D) 

LT1179  (Q) 

LT1055A 

LT1127A  (Q) 

OP-07 

LT1079A(Q) 

LT1056A 

OP-05A/E 

OP-07E 

0P-05 

OP-05C 

0P-227/VE 

OP-07C 

0P-15A/E 

0P-237A/E 

OP-27C/G 
OP-37C/G 
0P-227C/G 
OP-237C7G 

0P-16A/E 

•Typical    (D)  —  Dual  Op  Amp    (Q)  —  Quad  Op  Amp 
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OP  AMP  SELECTION  GUIDE 


SCLCCTIOn  BV  D€SIGH  PflRflmeTCR 

LOW  NOISE 

Typ  Equivalent  Input  Noise  Voltage 
per  Hz.  f  =  10Hz.  Rs  =  100<> 


<  1nV/vHz 


LT1028ALL 
LT1115 


<  5nV/VHz 


LT1 007  ALL 
LT1037  ALL 
LT1124  ALL  (D) 
LT1125  ALL  (Q) 
LT1126  ALL(D) 
LT1127  ALL  (Q) 
0P-27ALL 
OP-37  ALL 
OP-227  ALL  (D) 
0P-237ALL  (0) 


_25nV/.KK 


•LF155  ALL 
•LF156ALL 
•LF3S5  ALL 
LT1001  ALL 
LT1002  ALL  (D) 
LT1006  ALL 
LT1008 
LT1012 

LT1013ALL  <D) 
LT1014  ALL  (D) 
LT1022  ALL 
•LT1055ALL 
"LT1056  ALL 
LTC7652 
OP-05  ALL 
OP-07ALL 
■0P-15ALL 
-0P-16ALL 


•100  Hz  Noise    (D)  —  Dual  Op  Amp 

HIGH  SLEW  RATE 
Typ  Slew  Rate 


(0)  —  Dual  Op  Amp     (0)  —  Quad  Op  Amp 


PACKAGES 


>  10V/HS 

>  50V/MS 

> 100VAiS 

LF412A (D) 

LM118/318 

LT1190 

LT1022ALL 

LT118A/318A 

LT1191 

LT1028ALL 

LT1010 

LT1192 

LT1037ALL 

LT1122  ALL 

LT1193 

LT1055ALL 

LT1200 

LT1194 

LT1056A 

LT1217 

LT1057A(D) 

LT1220 

LT1058A(Q) 

LT1221 

LT1115 

LT1222 

LT1 126  ALL  (D) 

LT1223 

LT1127ALL(Q) 

LT1224 

0P-16A,  B 

LT1225 

0P-16E.  F 

LT1226 

OP-37  ALL 

LT1227 

0P-215A.E(D) 

LT1228 

0P-237ALL(D) 

LT1 229(D) 
LT1230  (Q) 

LOW  POWER 

Maximum  Supply  Current  (per  Amplifier) 


i50nA 

<60uA 

<1mA 

LT1078A(D) 

LT1077 

LH2108A(D) 

LT1079A(Q) 

LT1 078(D) 

LM108A 

LT1178(D) 

LT1079(Q) 

LT1006 

LT1178A(D) 

LT1008 

LT1 179(0) 

LT1012  ALL 

LT1179A(0) 

LT1013 (D) 

LT1014 (Q| 

LT1024  (D) 

LT1079 

LTC1047 

LTC1049ALL 

0P-97A/E 

(D)  —  Dual  Op  Amp    (Q)  —  Quad  Op  Amp 

HIGH  GAIN 
Typ  Open  Loop  Gain 


LT118A 

LT1006A 

LT318A 

LT1007 

LT1001 

LT1012  ALL 

LT1002  (D) 

LT1013  (D) 

LT1006 

LT1014  (Q) 

LT1008 

LT1028 

LT1077 

LT1037 

LT1 078(D) 

LT1077 

LT1079 (Q) 

LT1078 

LT1 178(D) 

LT1079 

LT1179  (0) 

LT1097 

OP-05 

LT1115 

OP-07 

LT1124 

LT1125 

LT1126 

LT1127 

LTC1049ALL 

LTC1050 

LTC1051 

LTC1052 

LTC1053 

LTC7652 

OP-27 

OP-37 

0P-97A/E 

OP-227  (D) 

OP-237  (D) 

(D)  —  Dual  Op  Amp    (0)  —  Quad  Op  Amp 


^yvvvvyy 



mm1 

w 

mm 

j 

N8 

N 

HERMETIC 

PLASTIC 

PLASTIC 

DIP 

DIP 

DIP 

14  LEAD 

8  LEAD 

14  LEAD 

16  LEAD 

16  LEAD 

18  LEAD 

18  LEAD 

20  LEAD 

20  LEAD 

24  LEAD 

mW 


□ 


H 
TO-5 
8  LEAD 
10  LEAD 


J8 

HERMETIC 
DIP 
8  LEAD 


D8 

HERMETIC 
DIP 
8  LEAD 


D 

HERMETIC 
DIP 
14  LEAD 
16  LEAD 
18  LEAD 


S8 
PLASTIC 

SO 
8  LEAD 


S 

PLASTIC 

SO 
14  LEAD 
16  LEAD 


S 

PLASTIC 

SOL 
16  LEAD 
18  LEAD 
20  LEAD 
24  LEAD 


W 

CERPAK 
10  LEAD 


XTUDS58 
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LT1007CS8/LT1037CS8 


TECHNOLOGY  Low  Noise,  High  Speed 

Precision  Operational  Amplifiers 


F€RTUR€S 

■  Guarantee  4.5nV/VHz10Hz  Noise 

■  Guaranteed  3.8n\lNHz  1kHz  Noise 

■  0.1  Hz  to  1 0Hz  Noise,  60nVp-p,  Typical 

■  Guaranteed  5  Million  Min.  Voltage  Gain,  RL  =  2kC2 

■  Guaranteed  2  Million  Min.  Voltage  Gain,  R|_  =  600D 

■  Guaranteed  60|aV  Max.  Offset  Voltage 

■  Guaranteed  1  .u>V/0C  Max.  Drift  with  Temperature 

■  Guaranteed '11V/u.sec  Min.  Slew  Rate  (LT1037) 

■  Guaranteed        Min.  CMRR 


flppucmions 


Low  Noise  Signal  Processing 
Microvolt  Accuracy  Threshold  Det 
Strain  Gauge  Amplifiers 
Direct  Coupled  Audio  Gain  Stages 
Sine  Wave  Generators 
Tape  Head  Preamplifiers 
Microwave  Preamplifiers 


D€SCMPTIOn 

Next  to  the  LT1028,  the  LT1 007/LT1 037  series  features 
the  lowest  noise  performance  availableto  date  for  mono- 
lithic operational  amplifiers:  2.5nV/VHz  wideband  noise 
(less  than  the  noise  of  a  400Q  resistor),  1/f  corner 
frequency  of  2Hz  and  60nV  peak-to-peak  0.1  Hz  to  10Hz 
noise.  Low  noise  is  combined  with  outstanding  precision 
and  speed  specifications:  20p.V  offset  voltage,  0.3u.V/°C 
drift,  126dB  common  mode  and  power  supply  rejection, 
and  60MHz  gain-bandwidth-product  on  the  decompen- 
sated LT1 037,  which  is  stable  for  closed  loop  gains  of  5  or 
greater. 

The  voltage  gain  of  the  LT1 007/LT1 037  is  an  extremely 
high  20  million  driving  a  2kD  load  and  12  million  driving 
a600fi  load  to  ±1 0V. 

In  the  design,  processing,  and  testing  of  the  device, 
particularattention  has  been  paid  to  the  optimization  of  the 
entire  distribution  of  several  key  parameters.  Consequently, 
the  specifications  have  been  spectacularly  improved  com- 
pared to  competing  amplifiers. 

The  sine  wave  generator  application  shown  below  utilizes 
the  low  noise  and  low  distortion  characteristics  of  the 


Ultra-Pure  1kHz  Sine  Wave  Generator 


0.1Hz  to  10Hz  Noise 


#327  LAMP 


TOTAL  HARMONIC  DISTORTION  =  <  0.0 
NOISE  =  <  0.0001% 
AMPLITUDE  =  ±8V 
R  =  1591.5H  ±  0.1%    OUTPUT  FREQUENCY  =  1 000kHz  FOR 
VALUES  GIVEN  ±0.4% 


iii 

A, 

i 

1 1 

V 

r 

C  =  0.1nF±0.1% 


0         2         4         6         8  10 

TIME(s) 


2-16 


XTUHfiB 


LT1007CS8/LT1037CS8 


niisoiuT€  mnximum  rrtirgs 

Supply  Voltage  ±22V 

Input  Voltage  Equal  to  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Current  (Note  5)  ±25mA 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range 

All  Devices  -65°C  to150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORmnTIOfl 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LT1007CS8 
LT1037CS8 


PART  MARKING 


1007 
1037 


€l€CTRICfll  CHRRRCTCRISTICS  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1007C 
LT1037C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  1) 

20 

60 

U.V 

AV0S 

ATime 

Long  Term  Input  Offset 
Voltage  Stability 

(Notes  2  and  3) 



0.2 

1.0 

u.V/Mo 

los 

Input  Offset  Current 

12 

50 

nA 

la 

Input  Bias  Current 

±15 

±55 

nA 

en 

Input  Noise  Voltage 

O.IHzto  10Hz  (Note  3) 

0.06 

0.13 

uVp-p 

Input  Noise  Voltage  Density 

f0  =  10Hz  (Note  3) 
f0  =  1000Hz  (Note  3) 

2.8 

2.5 

4.5 
3.8 

nV/VHz 
nV/VHz 

in 

Input  Noise  Current  Density 

f0  =  10Hz  (Note  3) 
f0  =  1000Hz  (Note  3) 

1.5 
0.4 

4.0 
0.6 

pAA/Hz 
pA/VHz 

Input  Resistance — Common  Mode 

5 

GQ 

Input  Voltage  Range 

±11.0 

±12.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±11V 

110 

126 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4Vto±18V 

106 

126 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL>2kQ,  V0  =  ±12V 
RL>1kfJ,  V0  =  ±10V 
RL>600Q,V0  =  ±10V 

5.0 
3.5 
2.0 

20.0 
16.0 
12.0 

V/LlV 

V/nV 
V/u.V 

VOUT 

Maximum  Output  Voltage  Swing 

RL  >  2k£2 
RL  >  600U 

±12.5 
±10.5 

±13.5 
±12.5 

V 
V 

SR 

Slew  Rate  LT1007 
LT1037 

RL  >  2kfl 
AVCL  2  5 

1.7 
11 

2.5 
15 

V/ns 
V/(is 

GBW 

Gain-Bandwidth  Product  LT1007 
LT1037 

f0  =  100kHz  (Note  4) 

f0  =  10kHz  (Note  4),  (Avcl  2  5) 

5.0 
45 

8.0 
60 

MHz 
MHz 

Zo 

Open  Loop  Output  Resistance 

Vo  =  0,  l0  =  0 

70 

n 

Power  Dissipation         LT1 007 
LT1037 

80 
85 

140 
140 

mW 
mW 

XTUDBS 
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LT1007CS8/LT1037CS8 


€l€CTRICfll  CHRRRCT€RISTICS   VS  =  ±15V.  O  C  ;TA<  70  C.unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1007C 
LT1Q37C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  1) 

00 

nn 

nu 

■  .V 

U.V 

AVqs 
ATemp 

Average  Input  Offset  Drift 

(Note  6) 

0.3 

1.0 

u.V/°C 

los 

Input  Offset  Current 

15 

70 

nA 

Ib 

Input  Bias  Current 

±20 

±75 

nA 

Input  Voltage  Range 

+10.5 

±11.8 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±10.5V 

106 

120 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4.5Vto±18V 

102 

120 

dB 

Avol 

Large  Signal  Voltage  Gain 

RL>2kQ,Vo  =  ±10V 
RL>1kn,  Vo  =  ±10V 

2.5 
2.0 

18.0 
14.0 

V/U.V 
V/u.V 

VOUT 

Maximum  Output  Voltage  Swing 

R|_  >  2kfi 

±12.0 

±13.6 

V 

Power  Dissipation 

90 

160 

mW 

The  •  denotes  the  specifications  which  apply  over  full  operating 
temperature  range. 

Note  1:  Input  Offset  Voltage  measurements  are  performed  by  automatic 
test  equipment  approximately  0.5  seconds  after  application  of  power. 
Note  2:  Long  Term  Input  Offset  Voltage  Stability  refers  to  the  average 
trend  line  of  Offset  Voltage  vs  Time  over  extended  periods  after  the  first 
30  days  of  operation.  Excluding  the  initial  hour  of  operation,  changes  in 
V0s  during  the  first  30  days  are  typically  2.5u.V. 
Note  3:  This  parameter  is  tested  on  a  sample  basis  only. 


Note  4:  This  parameter  is  guaranteed  by  design  and  is  not  tested. 
Note  5:  The  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input 
voltage  exceeds  ±0.7V,  the  input  current  should  be  limited  to  25mA. 
Note  6:  The  Average  Input  Offset  Drift  performance  is  within  the 
specifications  unnulled  or  when  nulled  with  a  pot  having  a  range  of  8k£2  to 
20k£l. 
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TECHNOLOGY 


reunifies 

■  Single  Supply  Operation 

Input  Voltage  Range  Extends  to  Ground 
Output  Swings  to  Ground  while  Sinking  Current 

■  Pin  Compatible  to  1458  and  324  with  Precision  Specs 


■  Guaranteed  Offset  Voltage 
i  Guaranteed  Low  Drift 

'  Guaranteed  Offset  Current 
•  Guaranteed  High  Gain 

5mA  Load  Current 

17mA  Load  Current 
i  Guaranteed  Low  Supply  Current 

■  Low  Voltage  Noise,  0. 1  Hz  to  1 0Hz 


150>VMax. 
2,iV/°CMax. 
0.8nAMax. 

1.5  Million  Min. 
0.8  Million  Min. 
500/iA  Max. 
0.55/*Vp-p 


i  Low  Current  Noise-Better  than  OP-07,  0.07  pA/VHz 


APPUCATIOnS 

■  Battery-powered  Precision  Instrumentation 

Strain  Gauge  Signal  Conditioners 
Thermocouple  Amplifiers 
Instrumentation  Amplifiers 

■  4mA-20mA  Current  Loop  Transmitters 

■  Multiple  Limit  Threshold  Detection 

■  Active  Filters 

■  Multiple  Gain  Blocks 


LT1013/LT1014 





Quod  Precision  Op  Amp  (LT1014) 
Dual  Precision  Op  Amp  (LT1013) 

D€SCRIPTIOn 

The  LT1014  is  the  first  precision  quad  operational 
amplifier  which  directly  upgrades  designs  in  the  industry 
standard  14-pin  DIP  LM324/LM348/0P-11/4156  pin 
configuration.  It  is  no  longer  necessary  to  compromise 
specifications,  while  saving  board  space  and  cost,  as 
compared  to  single  operational  amplifiers. 

The  LT1014's  low  offset  voltage  of  50^V,  drift  of  0.3^V/°C, 
offset  current  of  0.15nA,  gain  of  8  million,  common-mode 
rejection  of  117dB,  and  power  supply  rejection  of  120dB 
qualify  it  as  four  truly  precision  operational  amplifiers.  Par- 
ticularly important  is  the  low  offset  voltage,  since  no  offset 
null  terminals  are  provided  in  the  quad  configuration. 
Although  supply  current  is  only  350//A  per  amplifier,  a  new 
output  stage  design  sources  and  sinks  in  excess  of  20mA  of 
load  current,  while  retaining  high  voltage  gain. 

Similarly,  the  LT1013  is  the  first  precision  dual  op  amp  in 
the  8-pin  industry  standard  configuration,  upgrading  the 
performance  of  such  popular  devices  as  the  MC1458/ 
1558,  LM158  and  OP-221.  The  LT1013's  specifications 
are  similar  to  (even  somewhat  better  than)  the  LT1014's. 

Both  the  LT1013and  LT1014can  be  operated  off  a  single 
5V  power  supply:  input  common-mode  range  includes 
ground;  the  output  can  also  swing  to  within  a  few 
millivolts  of  ground.  Crossover  distortion,  so  apparent  on 
previous  single-supply  designs,  is  eliminated.  A  full  set 
of  specifications  is  provided  with  ±15V  and  single  5V 
supplies. 


3  Channel  Thermocouple  Thermometer 


LT1014  Distribution  of  Offset  Voltage 


USE  TYPE  K  THERMOCOUPLES.  ALL  RESISTORS  =  1  %  FILM 
COLO  JUNCTION  COMPENSATION  ACCURATE 
TO  ±  1"C  FROM  0-C-6O-C. 
USE  4TH  AMPLIFIER  FOR  OUTPUT  C. 


+  5V 

®VSI  «007  L2  *>J4 


OUTPUT  A 
" 10mV/-C 


Vs=t15V 
T,=.25"C 
425LT1014S  " 
(1700  OP  AMPS) 
TESTED  FROM  - 
THREE  RUNS 
J  PACKAGE 


-300    -200    -100      0       100      200  300 
INPUT  OFFSET  VOLTAGE  (,V) 


2-19 


LT1013/LT1014 


absolute  mnximum  rrtirgs 

Supply  Voltage  ±22V 

Differential  Input  Voltage  ±30V 

Input  Voltage  Equal  to  Positive  Supply  Voltage 

 5V  Below  Negative  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range 
All  Grades  -65°Cto150°C 


Lead  Temperature  (Soldering,  10  sec.)  300°C 

Operating  Temperature  Range 
LT1013AM/LT1013M/ 

LT1014AM/LT1014M  -55°Cto125°C 

LT1013AC/LT1013C/LT1013D 

LT1014AC/LT1014C/LT1014D  0°C  to  70°C 

LT1013I/LT1014I  -40°Cto85°C 


PflCKflG€/ORD€R  inFORfTlfiTIOn 


V-  (CASE) 
H PACKAGE 
S-LEAD  TO-5  METAL  CAN 


ORDER  PART 
NUMBER 


LT1013AMH 
LT1013MH 
LT1013ACH 
LT1013CH 


OUTPUT  A [7 

-inaQ 
+inaQ 

»-E 


7}  OUTPUTS 

6]-inb 
TJ  +  in  3 


ORDER  PART 
NUMBER 


LT1013AMJ8 

LT1013MJ8 

LT1013ACJ8 

LT1013CJ8 

LT1013CN8 

LT1013DN8 

LT1013IN8 


OUTPUT  A  [7   1  I  (Ifj  OUTI 

+  ina[T  -Ix^  ]J]  +  iN 

r   • '  jjo! 


+in  a[? 

-IN  B  [6 

OUTPUT 


u]  OUTPUT  D 


T]  OUTPUT  C 


ORDER  PART 
NUMBER 


LT1014AMJ 

LT1014MJ 

LT1014ACJ 

LT1014CJ 

LT1014CN 

LT1014DN 

LT1014IN 


ORDER  PART 
NUMBER 


LT1013DS8 
LT1013IS8 


PART  MARKING 


1013 
10131 


ORDER  PART 
NUMBER 


LT1014DS 
LT1014IS 


PART  MARKING 


LT1014DS 
LT1014IS 


€L€CTRICRL  CHARACTERISTICS  VS=  ±15V,  VCM=0V  Tfl  =  25  C  unless  otherwise  noted 


SYMBOL 

PARAMETER 

CONDITIONS 

LT101 3AM/AC 
LT101 4AM/AC 

LT1013C/O/I/M 
LT1014C/D/I/M 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Vos 

Input  Offset  Voltage 

LT1013 
LT1014 

LT1013D/I,  LT1014D/I 

40 
50 

150 
180 

60 
60 
200 

300 
300 
800 

0 

0 

0 

Long  Term  Input  Offset  Voltage 
Stability 

0.4 

0.5 

^V/Mo. 

los 

Input  Offset  Current 

0.15 

0.8 

0.2 

1.5 

nA 

Ib 

Input  Bias  Current 

12 

20 

15 

30 

nA 

en 

Input  Noise  Voltage 

0.1Hz  to  10Hz 

0.55 

0.55 

(iVp-p 

e„ 

Input  Noise  Voltage  Density 

f0  =  10Hz 
f0  =  1000Hz 

24 
22 

24 

22 

nV/VHz 
nV/Vfiz 

I, 

Input  Noise  Current  Density 

f0  =  10Hz 

0.07 

0.07 

pA/Vfiz 

Input  Resistance-Differential 

Common-Mode 

(Note  1) 

100 

400 

5 

70 

300 
4 

Mo 

SO 
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LT1013/LT1014 


€l€CTRICAl  CHARACTERISTICS 


Vs=  ±15V,  Vcm=OV,  Tfl  =  25°C  unless  otherwise  noted 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1013AM/AC 
LT1014AM/AC 

LT1013C/D/I/M 
LT1014C/D/I/M 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP  MAX 

AV0L 

Large  Signal  Voltage  Gain 

V0=±10V,  RL  =  2k 
V0=  ±  10V,  RL  =  600£J 

1.5 
0.8 

8.0 
2.5 

1.2 
0.5 

7.0 
2.0 

V//.V 
V/^V 

Input  Voltage  Range 

+  13.5 
-15.0 

+  13.8 
-15.3 

+  13.5 
-15.0 

+  13.8 

-15.3  - 

V 
V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM=+ 13.5V,  -15.0V 

100 

117 

97 

114  - 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs=  ±2Vto  ±  18V 

103 

120 

100 

117 

dB 

Channel  Separation 

V0=±10V,  RL  =  2k 

123 

140 

120 

137 

dB 

VOUT 

Output  Voltage  Swing 

RL  =  2k 

±13 

±14 

±12.5 

±14 

V 

Slew  Rate 

0.2 

0.4 

0.2 

0.4 

V/^s 

Is 

Supply  Current 

Per  Amplifier 

0.35 

0.50 

0.35  0.55 

mA 

Note  1 :  This  parameter  is  guaranteed  by  design  and  is  not  tested. 
Typical  parameters  are  defined  as  the  60%  yield  of  parameter  distribu- 
tions of  individual  amplifiers;  i.e.,  out  of  100  LT1014s  (or  100 
LT1013s)  typically  240  op  amps  (or  120)  will  be  better  than  the  in- 
dicated specification. 


€l€CTRICAl  CHARACTERISTICS 

Vs+=  +5V,  Vs-=0V,  Vout  =  1-4V,  Vcm  =  0V,  TA  =  25°C  unless  otherwise  noted 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1013AM/AC 
LT1014AM/AC 

LT1013C/D/I/M 
LT1014C/D/I/M 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Vos 

Input  Offset  Voltage 

LT1013 
LT1014 

LT1013O/I,  LT1014D/I 

60 
70 

250 
280 

90 
90 
250 

450 
450 
950. 

Mv 

'os 

Input  Offset  Current 

0.2 

1.3 

0.3 

2.0 

nA 

Ib 

Input  Bias  Current 

15 

35 

18 

50 

nA 

AV0L 

Large  Signal  Voltage  Gain 

V0  =  5mVto4V,  RL  =  500f2 

1.0 

1.0 

V/^V 

Input  Voltage  Range 

+  3.5 
0 

+  3.8 
-0.3 

+  3.5 
0 

+  3.8 
-0.3 

V 
V 

VOUT 

Output  Voltage  Swing 

Output  Low,  No  Load 
Output  Low,  600Q  to  Ground 
Output  Low,  lS|NK  =  1mA 
Output  High,  No  Load 
Output  High,  60012  to  Ground 

4.0 
3.4 

15 
5 

220 
4.4 
4.0 

25 
10 
350 

4.0 
3.4 

15 
5 

220 
4.4 

4.0 

25 
10 
350 

mV 
mV 
mV 
V 
V 

Is 

Supply  Current 

Per  Amplifier 

0.31 

0.45 

0.32 

0.50 

mA 
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€l€CTRICRl  CHRRRCT6RISTICS  VS=±15V,  VCm  =  OV,  -55°C<TA<125°C  unless  otherwise  noted 


SYMBOL 

nana  urrrn 

PARAMETER 

CONDITIONS 

LT1013AM 
MIN     TYP  MAX 

LT1014AM 
MIN    TYP  MAX 

LT1013M/LT1014M 
MIN     TYP  MAX 

1  IKJITC 
UNI  I  o 

Vos 

Input  Offset  Voltage 

VS=+5V,  0V;V0=+1.4V 
-55°CsTA<100°C 
VCM  =  0.1V,TA  =  125°C 
VCM  =  0V,TA  =  125°C 

• 
• 

—  80  300 

80  450 
120  450 

-  250  900 

-  90  350 

-  90  480 

-  150  480 

-  300  960 

-  110  550 

100  750 

-  200  750 

-  400  1500 

pV 
pV 

Input  Offset  Voltage  Drift 

(Note  2) 

• 

0.4  2.0 

0.4  2.0 

0.5  2.5 

liV/'C 

I  OS 

Input  Offset  Current 

VS=+5V,  0V;Vo=+1.4V 

• 
• 

0.3  2.5 
-       0.6  6.0 

0.3  2.8 
-       0.7  7.0 

0.4  5.0 
-       0.9  10.0 

nA 
nA 

Ib 

Input  Bias  Current 

VS=+5V,  OV;V0=+1.4V 

• 
• 

—       15  30 
20  80 

—       15  30 
25  90 

—        18  45 
28  120 

nA 
nA 

AvoL 

Large  Signal  Voltage 
Gain 

V0=  ±10V,  RL  =  2k 

• 

0.5      2.0  — 

0.4      2.0  — 

U.cO       c.U  — 

V//.A/ 
V/  /IV 

CMRR 

Common-Mode  Rejection 

VCM=  +  13.0V,  -14.9V 

• 

97       114  - 

96       114  - 

94       113  - 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs=  ±2Vto  ±18V 

• 

100     117  - 

100      117  - 

97       116  - 

rJB 

Vout 

Output  Voltage  Swing 

RL  =  2k 

Vg=  +  5V,  OV; 
RL  =  600n  to  Ground 
Output  Low 
Output  High 

• 

• 
• 

±12     ±13.8  - 

-       6  15 
3.2      3.8  - 

±12     ±13.8  - 

-       6  15 
3.2      3.8  - 

±11.5  ±13.8  - 

-       6  18 
3.1      3.8  - 

V 

mV 
V 

Is 

Supply  Current 
Per  Amplifier 

Vs=  +5V,  OV;  V0=  +  1.4V 

• 
• 

0.38  0.60 
0.34  0.55 

0.38  0.60 
0.34  0.55 

0.38  0.7 
0.34  0.65 

mA 
mA 

€L€CTRICfil  CHRRRCT€RISTICS 

Vs=  ±15V,  VCM=0V,-40oC<TA<85°C  forLT1013l,  LT1014I,0°C£TA<70°C  for  LT1013C,  LT1013D,  LT1014C,  LT1014D  unless  otherwise  note 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1013AC 
MIN     TYP  MAX 

LT1014AC 
MIN     TYP  MAX 

LT1013C/D/I 
LT1014C/D/I 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1013D/I,  LT1014D/I 
Vs=  +  5V,0V;Vo  =  1.4V 
LT1013D/I,  LT1014D/I 
Vs=  +5V,0V;Vo  =  1.4V 

55  240 

75  350 

65  270 
85  380 

80  400 
230  1000 
110  570 

-       280  1200 

„V 

fV 
/iV 

Average  Input  Offset 
Voltage  Drift 

(Note  2) 

LT1013D/I.  LT1014D/I 

0.3  2.0 

0.3  2.0 

0.4  2.5 
-       0.7  5.0 

liV/°C 

los 

Input  Offset  Current 

Vs=  +5V.  OV;  V0  =  1.4V 

0.2  1.5 
0.4  3.5 

0.2  17 
-       0.4  4.0 

-  0.3  2.8 

-  0.5  6.0 

nA 
nA 

is 

Input  Bias  Current 

Vs=  +5V,  OV;  V0  =  1.4V 

13  25 
18  55 

-        13  25 
20  60 

16  38 
24  90 

nA 
nA 

AV0L 

Large  Signal  Voltage  Gain 

V0=±10V.  RL  =  2k 

1.0  5.0 

1.0  5.0 

0.7      4.0  - 

V/MV 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM=  +13.0V.  -15.0V 

98       116  - 

98       116  — 

94       113  - 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs=  ±2V  to  ±18V 

101      119  - 

101      119  - 

97       116  - 

dB 

VOUT 

Output  Voltage  Swing 

RL  =  2k 

Vs=  +5V,  OV;  RL  =  600t! 
Output  Low 
Output  High 

±12.5  ±13.9  - 

-       6  13 
3.3  3.9 

±12.5  ±13.9  - 

-       6  13 
3.3      3.9  - 

±12.0  ±13.9  - 

-       6  13 
3.2  3.9 

V 

mV 
V 

Is 

Supply  Current  per 
Amplifier 

Vs=  +5V,  OV;  V0  =  1.4V 

-  0.36  0.55 

-  0.32  0.50 

0.36  0.55 
0.32  0.50 

0.37  0.60 
-       0.34  0.55 

mA 

mA 

Note  2:  This  parameter  is  not  100%  tested.  The  •  denotes  the  specifications  which  apply  over  the  full  operating  temperature  range. 
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TVPICflL  P€RFORmnnC€  CHRRRCT€RISTICS 


Offset  Voltage  Drift  with 
Temperature  of  Representative 
Units 


-50  -25     0      25      50      75     100  125 
TEMPERATURE  (°C) 


Ik     3k    10k    30k  100k  300k   1M    3M  10M 
BALANCED  SOURCE  RESISTANCE  (0) 


Warm-Up  Drift 


VS=±1 
Ts=25° 

5V 

C 

mc 

13  METAL 

CAN  (H) 

PACKAGE 

P 

LT1014 

LT1013  CERDIP  (J)  PACKAGE 

12  3  4 

TIME  AFTER  POWER  ON  (MINUTES) 


Common-Mode  Rejection  Ratio 
vs  Frequency 


i  Ratio 


120 

s 

100 

o 

< 

CE 

■z. 

80 

O 

CJ 

s 

60 

o 

o 

40 

o 

2 

20 

8 

Ta= 

25°C 

 Vs= 

5V,  0V-* 

±15V — 

1k  10k  100k 
FREQUENCY  (Hz) 


1M 


NEGA 

rivE  > 

\  POS 

ITIVE 
PLY  " 

SUf 

PLY 

\su 

v 

T 

=  ±1 
=  25° 

5V+1V 

P-P  SI 

EWAV 

E  \ 

10     100     1k     10k    100k  1M 
FREQUENCY  (Hz) 


0.1Hz  to  10Hz  Noise 


TA  =  25°C 

it 

i.i 

4  6 
TIME  (SECONDS) 


Noise  Spectrum 


10  100 
FREQUENCY  (Hz) 


10Hz  Voltage  Noise 
Distribution 


/s=±15 
A=25°C 
28  UNITS 

1 

TES 

TED 

ROW 

THP 

EE  R 

UNS 

- 

10  20         30         40  50 

VOLTAGE  NOISE  DENSITY  (nV/VHz) 


Supply  Current  vs  Temperature 


VS=±15V 


Vs=5V.  0V 


-50   -  25     0      25      50      75     100  125 
TEMPERATURE  (°C) 


— 


2-23 


LT1013/LT1014 


TVPicfiL  pcRFORmnnce  characteristics 


Input  Bias  Current  vs  Input  Offset  Current  vs  Input  Bias  Current  vs 

Common-Mode  Voltage  Temperature  Temperature 


Output  Saturation  vs  Sink 
Current  vs  Temperature 


-50   -25     0      25      50      75     100  125 
TEMPERATURE  (°C) 


Small  Signal  Transient 
Response,  Vs=  ±15V 


Av=+1 


2,iS/DIV 


Large  Signal  Transient 
Response,  \l$=  ±15V 


minill 

MM 

Av=  +  1 


50/S/DIV 


Small  Signal  Transient 
Response,  VS  =  5V,  0V 


Large  Signal  Transient 
Response,  VS  =  5V,  OV 


Av=+1 

RL  =  600i!  TO  GROUND 
INPUT. OV  TO  100mV  PULSE 


20^/DlV  Av=+1 

RL=4.7kto5V 

INPUT  =0V  TOW  PULSE 


10mS/DIV 


Large  Signal  Transient 
Response,  Vs  =  5V,  0V 

2V~ 


Av=+1 
NO  LOAD 

INPUT  =  0VTO4V  PULSE 


iOfis/orv 
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TYPICAL  P€RFORfl)RAC€  CHRRRCT€RISTICS 


Output  Short  Circuit  Current 
vs  Time 


Voltage  Gain  vs  Load 
Resistance 


Voltage  Gain  vs  Frequency 


-5 

VS=±15V 

 25°C  

"  1 

 i?s°r. — 

 19 

0  12  3 

TIME  FROM  OUTPUT  SHORT  TO  GROUND  (MINUTES) 


LOAD  RESISTANCE  Tl 


140 
120 
ISO 
8C 
60 
40 
20 
0 


-20 

0.01  0.1 


TA=25°C 

c,  =ioodf 

=  5V. 

5V- 

-vs 

10  100  1k  10k  100k  1M  10M 
FREQUENCY  (Hz) 


Gain,  Phase  vs  Frequency 


Channel  Separation  vs 
Frequency 


RPPUCRTIORS  IRFORfRRTIOR 

Single  Supply  Operation 

The  LT1013/1014  are  fully  specified  for  single  supply 
operation,  i.e.,  when  the  negative  supply  is  0V.  Input 
common-mode  range  includes  ground;  the  output  swings 
within  a  few  millivolts  of  ground.  Single  supply  operation, 
however,  can  create  special  difficulties,  both  at  the  input 
and  at  the  output.  The  LT1 01 3/  LT1 01 4  have  specific  cir- 
cuitry which  addresses  these  problems. 

At  the  input,  the  driving  signal  can  fall  below  OV— inad- 
vertently or  on  a  transient  basis.  If  the  input  is  more  than 


a  few  hundred  millivolts  below  ground,  two  distinct  prob- 
lems can  occur  on  previous  single  supply  designs,  such 
as  the  LM124,  LM158,  OP-20,  OP-21,  OP-220,  OP-221, 
OP-420: 

a)  When  the  input  is  more  than  a  diode  drop  below 
ground,  unlimited  current  will  flow  from  the  substrate 
(V~  terminal)  to  the  input.  This  can  destroy  the  unit.  On 
the  LT1 01 3/ 1 01 4,  the  400Q  resistors,  in  series  with  the 
input  (see  schematic  diagram),  protect  the  devices  even 
when  the  input  is  5V  below  ground. 
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Appucmions  inFORmnnon 


(b)  When  the  input  is  more  than  400mV  below  ground 
(at  25°C),  the  input  stage  saturates  (transistors  Q3  and 
Q4)  and  phase  reversal  occurs  at  the  output.  This  can 
cause  lock-up  in  servo  systems.  Due  to  a  unique  phase 
reversal  protection  circuitry  (Q21,  Q22,  0.27,  Q28),  the 
LT1013/1014's  outputs  do  not  reverse,  as  illustrated 
below,  even  when  the  inputs  are  at  - 1 .5V. 

There  is  one  circumstance,  however,  under  which  the 
phase  reversal  protection  circuitry  does  not  function: 
when  the  other  op  amp  on  the  LT1013,  or  one  specific 
amplifier  of  the  other  three  on  the  LT1014,  is  driven  hard 
into  negative  saturation  at  the  output. 

Phase  reversal  protection  does  not  work  on  amplifier: 
A  when  D's  output  is  in  negative  saturation.  B's  and  C's 
outputs  have  no  effect. 

B  when  C's  output  is  in  negative  saturation.  A's  and  D's 
outputs  have  no  effect. 

C  when  B's  output  is  in  negative  saturation.  A's  and  D's 
outputs  have  no  effect. 

D  when  A's  output  is  in  negative  saturation.  B's  and  C's 
outputs  have  no  effect. 


At  the  output,  the  aforementioned  single  supply  designs 
either  cannot  swing  to  within  600mV  of  ground  (OP-20) 
or  cannot  sink  more  than  a  few  microamperes  while 
swinging  to  ground  (LM124,  LM158).  The  LT1013/ 
1014's  all-NPN  output  stage  maintains  its  low  output 
resistance  and  high  gain  characteristics  until  the  output 
is  saturated. 

In  dual  supply  operations,  the  output  stage  is  crossover 
distortion-free. 


Comparator  Applications 

The  single  supply  operation  of  the  LT1013/1014  lends 
itself  to  its  use  as  a  precision  comparator  with  TTL  com- 
patible output: 

In  systems  using  both  op  amps  and  comparators,  the 
LT1 013/ 1014  can  perform  multiple  duties;  for  example, 
on  the  LT1014,  two  of  devices  can  be  used  as  op  amps 
and  the  other  two  as  comparators. 


Voltage  Follower  with  Input  Exceeding  the  Negative  Common-Mode  Range 


/ 

'  \"  ! 

V  -7 

\  / 

X 

mm  m 


6Vp-p  INPUT,  -1.5V  TO  4.5V 

Comparator  Rise  Response  Time 
10mV,  5mV,  2mV  Overdrives 


LM324,  LM358.  OP-20 
EXHIBIT  OUTPUT  PHASE 
REVERSAL 


LT1013/LT1014 
NO  PHASE  REVERSAL 


Comparator  Fall  Response  Time 
to  10mV,  5mV,  2mV  Overdrives 


VS=5V.  OV 


50/iS/DIV 


VS  =  5V.  OV 


50^S/DIV 
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application  inFORmnnon 

Low  Supply  Operation 

The  minimum  supply  voltage  for  proper  operation  of  the 
LT1013/1014  is  3.4V  (three  Ni-Cad  batteries).  Typical 
supply  current  at  this  voltage  is  290/iA,  therefore  power 
dissipation  is  only  one  milliwatt  per  amplifier. 


Noise  Testing 

For  application  information  on  noise  testing  and  calcula- 
tions, please  see  the  LT1007  or  LT1008  data  sheet. 


Test  Circuit  for  Offset  Voltage  and 
Offset  Drift  with  Temperature 


•RESISTORS  MUST  HAVE  LOW 
THERMOELECTRIC  POTENTIAL 
"THIS  CIRCUIT  IS  ALSO  USED  AS  THE  BURN-IN 
CONFIGURATION,  WITH  SUPPLY  VOLTAGES 
INCREASED  TO  ±20V. 
V0  =  1000VOS 


TYPICAL  APPLICATION 

50MHz  Thermal  rms  to  DC  Converter  5V  Single  Supply  Dual  Instrumentation  Amplifier 


100k- 


XTUDS5B 
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TVPICflL  flPPUCflTIOnS 


Hot  Wire  Anemometer 


ov-iov= 

0-1000  FEET/MINUTE 


Liquid  Flowmeter 


•1%  FILM  RESISTOR. 
El  nui       "SUPPLIED  WITH  VSI  THERMISTOR  NETWORK 
fLUW         T1 .  T2  YSI  THERMISTOR  NETWORK  =  H44201. 

FLOW  IN  PIPE  IS  INVERSELY  PROPORTIONAL  TO 
RESISTANCE  OF  T1-T2  TEMPERATURE  DIFFERENCE. 
A1-A2  PROVIDE  GAIN.  A3-A4  PROVIDE  LINEARIZED 
FREQUENCY  OUTPUT. 
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TVPICRL  RPPUCRTIOnS 

5V  Powered  Precision  Instrumentation  Amplifier 


GAIN  EQUATION:  A=,uftg""+1. 

tFOR  HIGH  SOURCE  IMPEDANCES. 
USE  2N2222  AS  DIODES. 
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TYPICAL  APPLICATIONS 

5V  Powered  Motor  Speed  Controller 
No  Tachometer  Required 


+  5V  47 


5V  Powered  EEPROM  Pulse  Generator 


+5V 
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TVPICflL  APPLICflTIOnS 

Methane  Concentration  Detector  with  Linearized  Output 


12k* 
■vw- 


Low  Power  9V  to  5V  Converter 
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TYPICAL  flPPUCOTIOnS 


5V  Powered  4mA-20mA  Current  Loop  Transmitter  t 


0T0  4V 


Fully  Floating  Modification  to  4mA-20mA  Current  Loop''' 


TO 


0V-4V 
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ALL  RESISTORS  ARE  TRW-MAR-6  METAL  FILM. 
RATIO  MATCH  2M-200K±0.01%. 
TRIM  SEQUENCE: 

SET  SENSOR  TO  0°  VALUE. 

ADJUST  ZERO  FOR  OV  OUT. 

SET  SENSOR  TO  100DC  VALUE. 

ADJUST  GAIN  FOR  1.000V  OUT. 

SET  SENSOR  TO  400"C. 

ADJUST  LINEARITY  FOR  4.000V  OUT,  REPEAT  AS  REQUIRED 


XTUDBS 


2-33 


LT1013/LT1014 


Triple  Op  Amp  Instrumentation  Amplifier  with  Bias  Current  Cancellation 


v- 
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typical  fippucnnons 

Voltage  Controlled  Current  Source  with 
Low  Dropout  Regulator  for  6V  Battery  Ground  Referred  Input  and  Output 


A  BIPOLAR  SUPPLY. 

6V  to  ±15V  Regulating  Converter 
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tvpicrl  Rppucnnons 

Low  Power,  5V  Driven,  Temperature  Compensated  Crystal  Oscillator  (TXC0J+ 


+  5V 


MOUNT  RT  NEAR  XTAL 
3mA  POWER  DRAIN 
t  THERM  ISTOR-AMPLIFIER-VARACTOR  NETWORK  GENERATES 
A  TEMPERATURE  COEFFICIENT  OPPOSITE  THE  CRYSTAL  TO 
MINIMIZE  OVERALL  OSCILLATOR  DRIFT 

Step-Up  Switching  Regulator  for  6V  Battery 

OUTPUT 


L1  =AIE— VERNITRON  24-104 
78%  EFFICIENCY 
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LT1028CS8 


TECHNOLOGY      ultra  Low  Noise  Precision 


High  Speed  Op  Amp 


!F€flTUR€S 


l.1Hz  to  10Hz 


■  Available  in  8-Pin  SO  Package 

■  Voltage  Noise  1 .2nVA/Hz  Max  at  1  kHz 

0.9nV/VRzTypat1kHz 
1.0nV/VHzTypat10Hz 
35nVP.p  Typ, 

■  Voltage  and  Current  Noise  100%  Testei 

■  Gain-Bandwidth  Product  50MHz  Min 

■  Slew  Rate  11V/u.sMin 

■  Offset  Voltage  80u.VMax 

■  Voltage  Gain  5  Million  Min 

■  Drift  with  Temperature  1uV/°CMax 

RPPUCflTIOnS 

■  Low  Noise  Frequency  Synthesizers 

■  High  Quality  Audio 

■  Infrared  Detectors 

■  Accelerometer  and  Gyro  Amplifiers 

■  350£2  Bridge  Signal  Conditioning 

■  Magnetic  Search  Coil  Amplifiers 

■  Hydrophone  Amplifiers 


D€SCMPTIOn 

The  LT1028  achieves  a  new  standard  of  excellence  in 
noise  performance  with  0.9nVMfz  1  kHz  noise,  1  .OnVA/Hz 
1 0Hz  noise.  This  ultra  low  noise  is  combined  with  excellent 
high  speed  specifications  (gain-bandwidth  product  is 
75MHz),  distortion-free  output,  and  true  precision 
parameters  (0.2uV/°C  drift,  20uV  offset  voltage,  30  million 
voltage  gain).  Although  the  LT1 028  input  stage  operates  at 
nearly  1mA  of  collector  currents  to  achieve  low  voltage 
noise,  input  bias  current  is  only  30nA. 

The  LT1 028's  voltage  noise  is  less  than  the  noise  of  a  50Q 
resistor.  Therefore,  even  in  very  low  source  impedance 
transducer  or  audio  amplifier  applications,  the  LT1028's 
on  to  total  system  noise  will  be  negligible. 
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LT1028CS8 


nesoiuT€  mnximum  ratings     prckrg€/ord€r  inFORmnnon 


Supply  Voltage  ±22V 

Differential  Input  Current  (Note  4)  +25mA 

Input  Voltage  Equal  to  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range  -40°C  to  85°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


TOP  VIEW 

ORDER  PART 
NUMBER 

TRIM  [T 

T|  TRIM 

-in  rr 

7]  V+ 

LT1028CS8 

♦IN  [T 

T)  OUT 

v-  [T 

T]  OVERCOMP 

PART  MARKING 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

1028 

€L€CTRICRL  CHRRRCT6RISTICS  VS  =  ±15V,TA  =  25°C,  unless  otherwise  noted. 


SYMBOL 

DADAMCTCD 

PARAMETER 

pnuniTinuc 
UUNUI 1  lUNo 

MIN 

TYP 

MAX 

1 IMITC 

UNI  lo 

Vos 

Input  UTtset  voltage 

(Note  i ) 

20 

80 

AVqs 
ATime 

Long  term  input  uttset  voltage  btaowty 

(Note 

0.3 

i  A/ ' Mn 

los 

Input  Offset  Current 

VCM  =  0V 

18 

100 

nA 

Is 

Input  Bias  Current 

VCM  =  0V 

±30 

±180 

nA 

en 

Input  Noise  Voltage 

0.1Hzto10Hz  (Note  3) 

35 

90 

nVp.p 

Input  Noise  Voltage  Density 

f0  =  10Hz(Note3) 

f0  =  1000Hz,  100%  Tested 

1.0 
0.9 

1.9 

1.2 

nVMTz 
nVMTz 

in 

Input  Noise  Current  Density 

f0  =  10Hz  (Note  3  and  5) 
f0  =  1000Hz,  100%  Tested 

4.7 
1.0 

12.0 
1.8 

pA/VRz 
pA/VRz 

RlN 

Input  Resistance 
Common  Mode 
Differential  Mode 

300 
20 

Mn 

k£2 

C|N 

Input  Capacitance 

5 

PF 

Input  Voltage  Range 

±11.0 

±12.2 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±11V 

110 

126 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4Vto±18V 

110 

132 

dB 

Avol 

Large  Signal  Voltage  Gain 

RL>2kn,V0  =  ±12V 
RL>1ka,V0  =  ±10V 
RL>600£1,V0  =  ±10V 

5.0 
3.5 
2.0 

30.0 
20.0 
15.0 

V/U.V 
V/U.V 
V/U.V 

VOUT 

Maximum  Output  Voltage  Swing 

RL  >  2kn 
RL  >  600Q 

±12.0 
±10.5 

±13.0 
±12.2 

V 
V 

SR 

Slew  Rate 

AVCL  =  -1 

11 

15 

V/ui 

GBW 

Gain-Bandwidth  Product 

f0  =  20kHz  (Note  6) 

50 

75 

MHz 

Zo 

Open  Loop  Output  Impedance 

Vo  =  0,  l0  =  0 

80 

a 

Is 

Supply  Current 

7.6 

10.5 

mA 
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LT1028CS8 


€l€CTRICAl  CHRRRCT€RISTICS  VS  =  ±15V,  0  C <TA  < 70  C  unless  otherwise  noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  1 ) 

• 

30 

125 

AV0S 

ATemp 

Average  Input  Offset  Voltage  Drift 

(Note  7) 

0.2 

1.0 

nw°c 

'os 

Input  Offset  Current 

VCM  =  0V 

22 

130 

nA 

Ib 

Input  Bias  Current 

VCM  =  0V 

±40 

±240 

nA 

Input  Voltage  Range 

±10.5 

+12.0 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±10.5V 

106 

124 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4.5Vto±18V 

107 

132 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL>2kQ,  V0  =  ±10V 
RL>1kUV0  =  ±10V 

3.0 
2.5 

25.0 
18.0 

V/jiV 
V/uV 

VoUT 

Maximum  Output  Voltage  Swing 

RL  >  2k£2 
R|.  >  600S1 

±11.5 
±9.0 

±12.7 
±10.5 

V 
V 

Is 

Supply  Current 

8.2 

11.5 

mA 

€L€CTRICRL  CHRRRCTCRISTK 

IS  vs  =  ±15V,  -40°C  <  TA  <  85°C,  unless  otherwise  note 

d.  (Note  8) 

SYMBOL 

PARAMETER 

[conditions 

MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

35 

150 

AV0S 
ATemp 

Average  Input  Offset  Voltage  Drift 

0.25 

1.0 

nv/°c 

los 

Input  Offset  Current 

Vcm  =  0V 

28 

180 

nA 

Ib 

Input  Bias  Current 

VCM  =  0V 

±45 

±300 

nA 

Input  Voltage  Range 

±10.4 

±11.8 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±10.4V 

102 

123 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4.5Vto±18V 

106 

131 

dB 

AVOL 

Large  Signal  Voltage  Gain 

RL>2kn,V0  =  ±10V 
RL>1k£2,  V0  =  ±10V 

2.5 
2.0 

20.0 
14.0 

V/uV 
V/uV 

VoUT 

Maximum  Output  Voltage  Swing 

RL>2kn 

±11.0 

±12.5 

V 

is 

Supply  Current 

8.7 

12.5 

mA 

The  •  denotes  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Input  Offset  Voltage  measurements  are  performed  by  automatic 
test  equipment  approximately  0.5  sec.  after  application  of  power.  In 
addition,  at  TA  =  25°C,  offset  voltage  is  measured  with  the  chip  heated  to 
approximately  55°C  to  account  for  the  chip  temperature  rise  when  the 
device  is  fully  warmed  up. 

Note  2:  Long  Term  Input  Offset  Voltage  Stability  refers  to  the  average 

trend  line  of  Offset  Voltage  vs.  Time  over  extended  periods  after  the  first 

30  days  of  operation.  Excluding  the  initial  hour  of  operation,  changes  in 

V0s  during  the  first  30  days  are  typically  2.5p.V. 

Note  3:  This  parameter  is  tested  on  a  sample  basis  only. 

Note  4:  The  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 


resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input 
voltage  exceeds  ±1 .8V,  the  input  current  should  be  limited  to  25mA. 
Note  5:  Current  noise  is  defined  and  measured  with  balanced  source 
resistors.  The  resultant  voltage  noise  (after  substracting  the  resistor  noise 
on  an  RMS  basis)  is  divided  by  the  sum  of  the  two  source  resistors  to 
obtain  current  noise.  Maximum  10Hz  current  noise  can  be  inferred  from 
100%  testing  at  1kHz. 

Note  6:  Gain-bandwidth  product  is  not  tested.  It  is  guaranteed  by  design 
and  by  inference  from  the  slew  rate  measurement. 
Note  7:  This  parameter  is  not  100%  tested. 
Note  8:  The  LT1 028CS8S  are  not  tested  and  are  not  quality-assurance- 
sampled  at  -40°C  and  at  85°C.  These  specifications  are  guaranteed  by 
design,  correlation  and/or  inference  from  0°C,  25°C,  70°C  tests. 
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urn 


TECHNOLOGY 


LT1057S/LT1057IS 
LT1058S/LT1058IS 


Dual  JFET  Input  Precision 
High  Speed  Op  Amp 


F€ATUR€S 

■  13V/u.s  Slew  Rate 

■  5MHz Gain-Bandwidth  Product 

■  Fast  Settling  Time 

■  300u.V  Offset  Voltage  (LT1 057) 

■  5u.V/°C  Vos  Drift 

■  60pA  Bias  Current  at  70°C 

■  Low  Voltage  Noise 

APPLICATION 


8V/u.sMin. 
1.3p.sto0.02% 


13nV/VHzat  1kHz 
26nV/VRzat10Hz 


Precision,  High  Speed  Instrumentation 
Fast,  Precision  Sample  and  Hold 
Logarithmic  Amplifiers 
D/A  Output  Amplifiers 
Photodiode  Amplifiers 
Voltage  to  Frequency  Converters 
Frequency  to  Voltage  Converters 


D€SCRIPTIOn 

The  LT1 057  is  a  matched  JFET  input  dual  op  amp  featuring 
a  combination  of  outstanding  high  speed  and  precision 
specifications.  It  replaces  all  the  popular  bipolar  and  JFET 
input  dual  op  amps.  In  particular,  the  LT1 057  upgrades  the 
performance  of  systems  using  the  LF412A  and  OP-215 
JFET  input  duals. 

The  LT1058  is  the  lowest  offset  quad  JFET  input  opera- 
tional amplifier.  It  offers  significant  accuracy  improve- 
ment over  presently  available  JFET  input  quad  operational 
amplifiers.  It  can  replace  four  single  precision  JFET  input 
op  amps,  while  saving  board  space,  power  dissipation  and 
cost. 

For  the  first  time,  precision  dual  and  quad  JFET  op  amps 
are  available  in  a  surface  mounted  package.  For  extended 
operating  temperatures  ( -40°C<TA<  85°C)  the  LT1 057IS 
and  LT1058IS  are  offered. 


Current  Output,  High  Speed,  High  Input  Impedance  Instrumentation  Amplifier 


lnnT=2(V1-V2) 


■GAIN  ADJUST 

"COMMON-MODE  REJECTION  ADJUST 
BANDWIDTH  ,  2MHz 
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LT1057S/LT1057IS 
U1058S/LT1058IS 


nssoLUTc  mnximum  nnnnGS 

Supply  Voltage  ±20V 

Differential  Input  Voltage  ±40V 

Input  Voltage  ±20V 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range 

LT1057S,  LT1058S  0°Cto  70°C 

LT1057IS,  LT1058IS  -40°Cto  85°C 

Storage  Temperature  Range 

All  Devices  -65°C  to150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PfiCKfiO€/OfiD€R  inFOfifTlfiTIOn 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


TOP  VIEW 


OUT  A  [7 
-IN  A  [T  -  - 
+INA  [5 

v+  [7 

tINB  [T  -  - 
-IN  B  [? 

OUTB 
NC 


1 3- 


16]  OUTD 
i|]  -IN  D 
u\  +IN  D 

w]  <r 

12]  +INC 
7j]  -IN  c 
To]  OUTC 
T]  NC 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


ORDER  PART 
NUMBER 


LT1057S 
LT1057IS 


LT1058S 
LT1058IS 


€L€CTRICRL  CHAIMCTCRISTICS  Vs  =  ±15V,  TA  =  25°C,  VCH  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN           TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1057 
LT1058 

0.3  2 
0.35  2.5 

mV 

bs 

Input  Offset  Current 

Fully  Warmed  Up 

5  50 

pA 

Ifl 

Input  Bias  Current 

Fully  Warmed  Up 

±10  ±100 

PA 

Input  Resistance  -  Differential 

-Common-Mode 

VCM  =  -11Vto+8V 
VCM  =  +8Vto+11V 

0.4 
0.4 
0.05 

T£2 

Input  Capacitance 

4 

PF 

en 

Input  Noise  Voltage 

0.1Hzto10Hz  LT1057 
LT1058 

2.1 
2.5 

u.Vp-p 

en 

Input  Noise  Voltage  Density 

f0  =  10Hz 
f o  =  1  kHz 

26 
13 

nV/VHi 

in 

Input  Noise  Current  Density 

f0  =  10Hz,  1kHz 

fAA/Hz 

Avol 

Large  Signal  Voltage  Gain 

V0  =  ±10V                 RL  =  2k 
RL=1k 

100  300 
50  220 

V/mV 

Input  Voltage  Range 

±10  5  14.3 
-11.5 

V 
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XTUDSS 


LT1057S/LT1057IS 
LT1058S/LT1058IS 


€L€CTRICRL  CHARACTERISTICS  VS  =  ±15V,  TA  =  25°C,  VCM  =  OV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  ±10.5V  LT1057 
LT1058 

82 
80 

98 
98 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  +10Vto  ±18V 

86 

102 

dB 

Vout 

Output  Voltage  Swing 

RL  =  2k 

±12 

±13 

V 

SR 

Slew  Rate 

8  13 

V/uS 

GBW 

Gain-Bandwidth  Product 

f  =  1MHz(Note1) 

3 

5 

MHz 

Is 

Supply  Current  Per  Amplifier 

1.7 

2.8 

mA 

Channel  Separation 

DC  to  5kHz,  VIN  =  ±10V 

130 

dB 

€l€CTRICRl  CHARACTERISTICS  vs = ±isv,  vCM  ■  ov,  o°c  <  ta  <  7o°c,  (mo57s,  mosss)  or 

-40°C  <  TA  <  85°C,  (LT1057IS,  LT1058IS),  unless  otherwise  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  OffsetVoltage 

LT1057 

LT1058S 

LT1058IS 

• 
• 
• 

0.5 
0.6 
0.7 

2.5 
3.0 
4.0 

mV 

Average  Temperature  Coefficient  of 
Input  Offset  Voltage 

• 

5 

uV/°C 

los 

Input  Offset  Current 

Warmed  Up,  TA=70°C 
Warmed  Up,  TA=85°C 

20 
35 

250 
400 

PA 

Ib 

Input  Bias  Current 

Warmed  Up,  TA  =  70°C 
Warmed  Up,  TA=85°C 

±60 
±100 

±400 
±700 

PA 

AVOL 

Large  Signal  Voltage  Gain 

V0  =  ±10V,RL  =  2k  LT1057 
LT1058 

50 
40 

200 
200 

V/mV 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  ±10.5V  LT1057 
LT1058 

80 
78 

96 
96 

dB 

PSRR 

PowerSupply  Rejection  Ratio 

Vs  =  ±10Vto±18V  LT1057 
LT1058 

84 
82 

100 
100 

dB 

Vout 

Output  Voltage  Swing 

RL  =  2k 

±12 

±12.8 

V 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Gain  bandwidth  product  is  not  tested.  It  is  guaranteed  by  design 
and  by  inference  from  the  slew  rate  measurement. 
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TECHNOLOGY 


LT1057S8/LT1057IS8 


Dual  JFET  Input  Precision 
High  Speed  Op  Amp 


DCSCRIPTIOn 


The  LT1 057  is  a  matched  JFET  input  dual  op  amp  featuring 
a  combination  of  outstanding  high  speed  and  precision 
specifications.  It  replaces  all  the  popular  bipolar  and  JFET 
input  dual  op  amps.  In  particular,  the  LT1 057  upgrades  the 
performance  of  systems  using  the  LF412A  and  OP-215 
JFET  input  duals. 


application 

■  Precision,  High  Speed  Instrumentation 

■  Fast,  Precision  Sample-and-Hold 

■  Logarithmic  Amplifiers 

■  D/A  Output  Amplifiers 

■  Photodiode  Amplifiers 

■  Voltage-to-Frequency  Converters 

■  Frequency-to-Voltage  Converters 


PACKAGC/OADCA  lAFOAmATlOA 


¥]  -IN  A 
JJ  OUT  A 
T]  V+ 
jfj  OUTB 


S8  PACKAGE 
8-LEAO  PLASTIC  SO 


ORDER  PART 
NUMBER 


LT1057S8 
LT1057IS8 


PART  MARKING 


1057 


PLEASE  NOTICE  THAT  THE  LT1057S8  STANDARD  SURFACE  MOUNT  PINOUT  DIFFERS  FROM 
THAT  OF  THE  LT1057  STANDARD  PLASTIC  OR  CERAMIC  DUAL-IN-LINE  PACKAGES. 


flBsoiuT€  maximum  ratiags 

Operating  Temperature  Range 

LT1057S8  0°C<TA<70°C 

LT1057IS8  -40°C<TA<85°C 


€l€CTRICfll  CHRRACT€RISTICS 

Vs  =  ±15V,TA  =  25°C,  VCm  =  0V,  unless  otherwise  noted. 

For  electrical  specifications  not  listed  below,  refer  to  the  standard  LT1057C  datasheet  with  the  changes  noted  on  this  page. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN  TYP 

MAX 

UNITS 

V0S 

Input  Offset  Voltage 

220 

1200 

jiV 

0°C<TA<70oC 

400 

1900 

uv 

-40°C<TA<85°C 

500 

2300 

AV0S 

Input  Offset  Voltage  Drift  (Note  4) 

0°C<TA<70°C 

4.0 

16 

|iV/°C 

AT 

-40°C<TA<85°C 

4.5 

16 

nv/°c 

In 

Input  Bias  Current 

-40°C  <  TA  <  85°C 

±100 

±900 

pA 

los 

Input  Offset  Current 

-40°C  <  TA  < 85°C 

35 

600 

pA 

Note  4:  Not  100%  production  tested. 
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XTUJIS8 


"ECHNOLOG 


LT1077 


Vlicropower,  Single  Supply, 
Precision  Op  Amp 


F€RTUR€S 


60fiA  Max  Supply  Current 

40>V  Max  Offset  Voltage 

350pA  Max  Offset  Current 

0.5,<Vp-p  0.1  Hz  to  1 0Hz  Voltage  Noise 

2.5pAp-p0.1Hzto  10Hz  Current  Noise 

OA11WC  Offset  Voltage  Drift 

250kHz  Gain-Bandwidth-Product 

0.12V/,tsSlew  Rate 

Single  Supply  Operation 

Input  Voltage  Range  Includes  Ground 
Output  Swings  to  Ground  while  Sinking  Current 
No  Pull-Down  Resistors  are  Needed 

Output  Sources  and  Sinks  5mA  Load  Current 


APPLICATION 

■  Replaces  OP-07,  OP-77,  AD707,  LT1001,  LT1012 
at  10  to  60  Times  Lower  Power 

■  Battery  or  Solar  Powered  Systems 

■  4mA  to  20mA  Current  Loops 

■  Two  Terminal  Current  Source 

■  Megaohm  Source  Resistance  Difference  Amplifier 


DCSCAIPTIOfl 

The  LT1077  is  a  micropower  precision  operational  amplifier 
optimized  for  single  supply  operation  at  5V.  ±  15V  speci- 
fications are  also  provided. 

Micropower  performance  of  competing  devices  is  achieved 
at  the  expense  of  seriously  degrading  precision,  noise, 
speed,  and  output  drive  specifications.  The  LT1077  reduces 
supply  current  without  sacrificing  other  parameters.  The 
offset  voltage  achieved  is  the  lowest  of  any  micropower  op 
amp.  Offset  current,  voltage  and  current  noise,  slew  rate 
and  gain-bandwidth  product  are  all  two  to  ten  times  better 
than  on  previous  micropower  op  amps. 

The  1/f  corner  of  the  voltage  noise  spectrum  is  at  0.7Hz. 
This  results  in  low  frequency  (0.1  Hz  to  10Hz)  noise  perform- 
ance which  can  only  be  found  on  devices  with  an  order  of 
magnitude  higher  supply  current. 

The  LT1077  is  completely  plug-in  compatible  (including  nul- 
ling) with  all  industry  standard  precision  op  amps.  Thus,  it 
can  replace  these  precision  op  amps  in  many  applications 
without  sacrificing  performance,  yet  with  significant  power 
savings. 

The  LT1077  can  be  operated  from  one  lithium  cell  or  two 
Ni-Cad  batteries.  The  input  range  goes  below  ground.  The 
all-NPN  output  stage  swings  to  ground  while  sinking  cur- 
rent—no pull-down  resistors  are  needed. 

For  dual  and  quad  op  amps  with  similar  specifications 
please  see  the  LT1078/LT1079  datasheet. 


Self  Buffered  Micropower  Reference 


Distribution  of  Input  Offset  Voltage 


SUPPLY  CURRENT  =6DjiA  MAX 
SOURCES  UP  TO  10mA 
L0ADREGULATION  =  3O,iV/niA 
TEMPERATURE  DRIFT  =  1 2ppm/ "C 


Lr±L 


— i — i — 

VS  =  5V,  0V 
_T4=25"C 

1072  UNITS 
_  TESTED  IN  . 


-30  -20  -10     0      10     20     30  40 
INPUT  OFFSET  VOLTAGE  |,V| 
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LT1077 


rbsolutc  mnximum  rrtirgs 

Supply  Voltage  ±22V 

Differential  Input  Voltage  ±30V 

Input  Voltage   Equal  to  Positive  Supply  Voltage 

 5V  Below  Negative  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range 

LT1077AM/LT1077M  -  55°C  to  125°C 

LT1077AI/LT1077!   -40°Cto85°C 

LT1 077AC/LT1 077C/LT1 077S8   0°C  to  70°C 

Storage  Temperature  Range 
All  Grades  -65°Cto150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


MFORfflRTIOn 


TOP  VIEW 
V0STRIM 

V0s  TRIM                        V  + 
-IN©     LT1077  ©OUT 
+  IN  QXj-yj3)  NC 

v- 

H PACKAGE 
8-LEAD  TO-5  METAL  CAN 

ORDER  PART 
NUMBER 

LT1 077AM  H 
LT1077MH 
LT1077ACH 
LT1077CH 

Vos  TRIM  LT 
-IN  [7 
+  IN  [7 

v-  [7 

J  PACKAG 
8-LEAD  CERAM 

TOP  VIEW 
LT1077 

N  P 

C  DIP  8-LEAD 

fj  V0S  TRIM 
7]  V* 
[]  OUT 
5]  NC 

ACKAGE 
PLASTIC  DIP 

LT1077AMJ8  LT1077AIN8 
LT1077MJ8  LT1077IN8 
LT1077ACJ8  LT1077ACN8 
LT1077CJ8  LT1077CN8 

TOP  VIEW 

Vos  TRIM 

SO  PACKAGE 
8-LEAD  PLASTIC  SO 

J]  V0s  TRIM 

□  ' 

T]  NC 

c 

LT1077S8 

PART  MARKING 

1077 

€L€CTRICRL  CH RRRCT€ RISTICS  vs = sv,  ov,  vCM = 0.1  v,  v0 = 1.4V,  ta = 2s°c,  unless  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1077AM/AI/AC 
MIN       TYP  MAX 

LT1077M/I/C/S8 
MIN       TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1077S8 

9  40 

10  60 
12  150 

fV 
«V 

AV0S 
ATime 

Long  Term  Input  Offset 
Voltage  Stability 

0.4 

0.4 

liVMo 

los 

Input  Offset  Current 

0.06 

0.35 

0.06  0.45 

nA 

Ib 

Input  Bias  Current 

7  9 

7  11 

nA 

6n 

Input  Noise  Voltage 

0.1Hz  to  10Hz  (Note  2) 

0.5 

1.1 

0.5 

eVp-p 

Input  Noise  Voltage  Density 

fo=10Hz(Note2) 
f„  =  1000Hz  (Note  2) 

28 
27 

43 

35 

28 
27 

nV/VHz 
nVWHz 

in 

Input  Noise  Current 

0.1  Hz  to  10Hz  (Note  2) 

2.5 

4.5 

2.5 

oAp-D 

Input  Noise  Current  Density 

fo  =  10Hz(Note2) 
f„  =  1000Hz 

0.065 
0.02 

0.11 

0.065 
0.02 

pA/VHz 
pA/VFTz 

Input  Resistance 
Differential  Mode 
Common-Mode 

(Note  3) 

350 

700 
6 

270 

700 
6 

Ml) 
G!i 

Input  Voltage  Range 

3.5 
0 

3.8 
-0.3 

3.5 
0 

3.8 
-0.3 

V 
V 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM  =  0Vto3.5V 

97 

106 

94 

105 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs  =  2.3V  to  12V 

102 

118 

100 

117 

dB 

Avol 

Large  Signal  Voltage  Gain 

V0  =  0.03V  to  4V.  No  Load 
V0  =  0.03V  to  3.5V,  RL= 50k 

300 
250 

1000 
1000 

240 
200 

1000 
1000 

V(mV 
V/mV 
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€1€CTR  IC  RL  CHRRRCT6RISTICS  VS  =  5V.  OV,  VCM = 0.1  V,  V0  =  1.4V,  TA = 250C,  unless  noted. 


LT1077AM/AI/AC 

LT1077M/1/C/S8 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP  MAX 

UNITS 

Maximum  Output  Voltage 

Output  Low,  No  Load 

3.5 

6 

3.5  6 

mV 

Swing 

Output  Low,  2k  to  GND 

0.7 

1.1 

0.7  1.1 

mV 

Output  Low,  Isink = 100/iA 

90 

130 

90  130 

mV 

Output  High,  No  Load 

4.2 

4.4 

4.2 

4.4 

V 

Output  High,  2k  to  GND 

3.5 

3.9 

3.5 

3.9 

V 

SR 

Slew  Rate 

(Notel) 

0.05 

0.08 

0.05 

0.08 

VVs 

GBW 

Gain  Bandwidth  Product 

f„<20kHz 

230 

230 

kHz 

Is 

Supply  Current 

48 

60 

48  68 

«A 

Offset  Adjustment  Range 

RPot  =  lOk,WipertoV+ 

±500 

±900 

±500 

±900 

eV 

Minimum  Supply  Voltage 

(Note  4) 

2.2 

2.3 

2.2  2.3 

V 

€L€CTRICRL  CHRRRCTCRISTICS 

Vs = 5V, 0V,  VCM  =  0.1V,  V0  =  1.4V,  - 55°C <TA<125°C for  AM/M  grades,  - 40°C <TA <85°C  for  Al/I  grades. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1077AM/AI 
MIN    TYP  MAX 

LT1077M/I 
MIN    TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

• 

50  200 

60  260 

p*V 

AV0S/AT 

Input  Offset  Voltage  Drift 

(Note  5) 

• 

0.4  1.6 

0.5  2.0 

/AWC 

'OS 

Input  Offset  Current 

• 

0.08  0.60 

0.08  0.80 

nA 

Ib 

Input  Bias  Current 

• 

8  11 

8  13 

nA 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM  =  0.05V  to  3.2V 

• 

92  104 

88  103 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs=3.1Vto12V 

• 

98  114 

94  113 

dB 

AV0l 

Large  Signal  Voltage  Gain 

V0  =  0.05V  to  3.5V,  RL= 50k 

• 

120  600 

100  600 

V/mV 

Maximum  Output  Voltage 
Swing 

Output  Low,  No  Load 
Output  Low,  Isink  =  100^A 
Output  High,  No  Load 
Output  High,  2k toGND 

• 
• 
• 
• 

4.5  8 
120  170 

3.9  4.2 

3.0  3.7 

4.5  8 
120  170 

3.9  4.2 

3.0  3.7 

mV 
mV 
V 
V 

Is 

Supply  Current 

• 

54  80 

54  90 

fA 

€L€CTRICRL  CHflRflCT€RISTICSVs  =  5V,0V,VcM=0.1V,Vo  =  1.4V,0°C<TA<70°C,unlessnoted. 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1077AC 
MIN    TYP  MAX 

LT1077C/S8 
MIN    TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1077S8 

30  110 

35  150 
40  280 

cV 
«V 

AVqs/AT 

Input  Offset  Voltage  Drift 

(Note  5) 

LT1077S8(Note5) 

0.4  1.6 

0.5  2.0 
0.7  3.0 

11WC 

'os 

Input  Offset  Current 

0.07  0.45 

0.07  0.60 

nA 

Ib 

Input  Bias  Current 

7  10 

7  12 

nA 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM  =  0Vto3.4V 

94  105 

90  104 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs  =  2.6V  to  12V 

100  116 

97  115 

dB 

AV0L 

Large  Signal  Voltage  Gain 

V0  =  0.05V  to  3.5V,  RL= 50k 

180  800 

150  800 

V/mV 

Maximum  Output  Voltage 
Swing 

Output  Low,  No  Load 
Output  Low,  IS|Nk  =  100fiA 
Output  High,  No  Load 
Output  High,  2k  to  GND 

4.0  7 
100  150 
4.1  4.3 

3.3  3.8 

4.0  7 
100  150 
4.1  4.3 

3.3  3.8 

mV 
mV 
V 
V 

Is 

Supply  Current 

52  70 

52  80 

<A 
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€l€CTRICRl  CHRRACTCRISTICS  Vs=  ±  15V,  TA  =  25°C,  unless  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1077AM/AI/AC 
MIN       TYP  MAX 

MIN 

.T1077M/I/C/S8 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1077S8 

20  150 

25 
30 

200 
300 

„v 

■os 

Input  Offset  Current 

0.06  0.35 

0.06 

0.45 

nA 

iB 

Input  Bias  Current 

7  9 

7 

11 

nA 

Input  Voltage  Range 

13.5 
-15.0 

13.8 
-15.3 

13.5 
-15.0 

13.8 
-15.3 

V 
V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  + 13.5V,  -15V 

100 

109 

97 

108 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  5V,0Vto±18V 

106 

122 

103 

120 

dB 

AyoL 

Large  Signal  Voltage  Gain 

V0  =  +  10V,  RL  =  50k 
Vo=±10V,RL=2k 

1000 
400 

8000 
1500 

800 
300 

8000 
1500 

V/mV 
V/mV 

Voui 

Maximum  Output  Voltage  Swing 

RL=50k 
RL=2k 

±13.0 
±11.0 

±14.0 
±13.2 

±13.0 
±11.0 

±14.0 

±13.2 

V 
V 

SR 

Slew  Rate 

0.07 

0.12 

0.07 

0.12 

V/,,s 

Is 

Supply  Current 

56  75 

56 

85 

,A 

€l€CTRICfll  CHRRRCTCRISTICS 

VS=  ±15V, -55<,C<TA<1250CforAM7M grades,  -40°C<TA<85DC lor Al/I grades. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1077AM/AI 
MIN      TYP  MAX 

LT1077M/I 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

60  330 

75  450 

,V 

AVos'AT 

Input  Offset  Voltage  Drift 

(Note  5) 

0.4  1.8 

0.5  2.5 

fvre 

los 

Input  Offset  Current 

0.08  0.60 

0.08  0.80 

nA 

k 

Input  Bias  Current 

8  11 

8  13 

nA 

AvOL 

Large  Signal  Voltage  Gain 

Vo=±10V,RL=5k 

300  1000 

250  1000 

V/mV 

CMRR 

Common-Mode  Rejection  Ratio 

Vcfcl=  +13V,  -14.9V 

94  107 

90  106 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  5V,0Vto±18V 

100  118 

97  116 

dB 

Maximum  Output  Voltage  Swing 

RL  =  5k 

±11.0  +13.5 

±11.0  ±13.5 

V 

Is 

Supply  Current 

60  95 

60  105 

.A 

€l€CTRICRl  CHRRRCTCRISTICS  vs=  ±i5v,o°c<TA<7o°c,  unless  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1077AC 
MIN      TYP  MAX 

LT1077C/S8 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1077S8 

40  230 

50  320 
65  450 

fV 

AV0S/AT 

Input  Offset  Voltage  Drift 

(Note  5) 

LT1077S8(Note5) 

0.4  1.8 

0.5  2.5 
0.8  3.5 

y.VI°C 
/.V/°C 

los 

Input  Offset  Current 

0.07  0.45 

0.07  0.60 

nA 

lB 

Input  Bias  Current 

7  10 

7  12 

nA 

Avol 

Large  Signal  Voltage  Gain 

V0=±10V,RL  =  5k 

500  2000 

400  2000 

V/mV 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  13V,  -15V 

97  108 

94  107 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  5V,0Vto±18V 

103  120 

100  118 

dB 

Maximum  Output  Voltage  Swing 

RL  =  5k 

±11.0  ±13.6 

±11.0  ±13.6 

V 

Is 

Supply  Current 

59  85 

59  95 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Slew  rate  at  5V,  0V  is  guaranteed  by  inference  from  the  slew  rate 
measurement  at  ±  15V. 

Note  2:  This  parameter  is  tested  on  a  sample  basis  only.  All  noise 
parameters  are  tested  with  Vs  =  ±  2.5V,  V0  =  0V. 


Note  3:  This  parameter  is  guaranteed  by  design  and  is  not  tested. 
Note  4:  Power  supply  rejection  ratio  is  measured  at  the  minimum  supply 
voltage.  The  op  amps  actually  work  at  1 .8V  supply  but  with  a  typical  offset 
skew  of  -  300^. 

Note  5:  This  parameter  is  not  100%  tested. 
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Supply  Current  vs  Temperature 


V 

,=  *1 

5V 

V 

=  5V. 

DV_ 

t2.5V 
5"C 

Tfl=2 

0  2  4  6  8  10 

TIME  (SECONDS) 


10Hz  Voltage  Noise  Distribution 


35 
30 
25 

CO 

I  20 
o 

I  15 

10 

5 
0 


5 


Vs=  ±2  5V 
TA=25°C 


Input  Bias  and  Offset  Currents  vs 
Temperature 


V,  ov 

0  ±1 

V 

Ins- 

-50  -25      0      25      50      75     100  125 
TEMPERATURE  CO 


0.1  Hz  to  10Hz  Noise 


±2.5V- 
5°C 

— vs= 
TA=; 

— OT 

20  40         60  80 

TIME  (SECONDS) 


Distribution  of  Offset  Voltage  Drift 
with  Temperature  (In  All  Packages) 


I  I  I  I  I 

400  UNITS  TESTED 
(inn  im  caru  DACi/r,nc\ 

1      I  1 
VS=5V.  0V 

'cm 

=  0.1 

J 

— 

I — 

25  30  35  40 

VOLTAGE  NOISE  DENSITY  (nVKHz) 


Input  Bias  Current  vs 
Common-Mode  Voltage 


VS=5 

I/,  OV 

25°CN  T 

-55' 

Ta=125° 

C 

-50    -25     0      25      50      75     100  125 
TEMPERATURE  (°C) 


0.01  Hz  to  10Hz  Noise 


-10  1  2  3  4 

COMMON-MODE  VOLTAGE  (V) 


Noise  Spectrum 


1  10 

FREQUENCY  (Hz) 


Distribution  of  Input  Offset 
Voltage  in  Small  Outline  (S8) 
Package 


-2.0     -1.0         0         1.0  2.0 
OFFSET  VOLTAGE  DRIFT  WITH  TEMPERATURE  („V/"C> 


- 

V 

;  =  5V.  0V 

TA=25'C 
1  1 

456  UNITS. 

T 

STE 

) 

-150-120  -  90  -  60  -  30  0     30    60    90  120  150 
INPUT  OFFSET  VOLTAGE  fcV) 
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Voltage  Gain  vs  Frequency  Gain,  Phase  vs  Frequency  Capacitive  Load  Handling 


140 
!20 
100 

m 

S  80 
as 

3  60 

I 

> 

20 
0 

-20 


T 

,  =  25 

•c 

^ss  = 

=  ±15 

/ 

Vs 

=  5V. 

ov  \ 

0.01   0.1      1      10    100    1k    10k   100k  tM 
FREQUENCY  (Hz) 

Slew  Rate,  Gain  Bandwidth 
Product  and  Phase  Margin  vs 
Temperature 


30k         100k  300k 
FREQUENCY  (Hz) 

Large  Signal  Transient  Response 
VS=5V,0V 


100  1000  1  0.000 

CAPACITIVE  LOAD  (pF) 


Large  Signal  Transient  Response 
VS=±15V 


50/.S/DIV 

INPUT  PULSE  OVTO  3.8V,  Aw=  +1,  NO  LOAD 


0  25  50  75 
TEMPERATURE  ("0 


Small  Signal  Transient  Response  Small  Signal  Transient  Response  Small  Signal  Transient  Response 

VS=5V,0V  VS=±2.5V  VS=±15V 


LT1077 


TVPICflL  P€RFORfflRflC€ ! 

Minimum  Supply  Voltage  Warm-Up  Drift 


i 


Voltage  Gain  vs  Load  Resistance 


100 


5 

-100 

1 

o 
> 

-200 

CO 

o 

-300 

— 

- 

-400 

-500 

v-  = 

-0.1 

OV 

V<VCMs0.4 

I 

°c 

+i; 

5°c/ 

i 

X, 

NO 
_FU 

I 

ACTION 

Al"*~ 

J 

\ 

'C 

55°C 

\ 

Vs=  ±15V 
T.  =  2S°C 

WARM 

UP  DRIf 
=5V,  0V 
SURABl 

T 
IS 

Y  LOW 

-ATVS 

imme; 

1  2  3 

POSITIVE  SUPPLY  VOLTAGE  (V) 


Output  Saturation  vs  Temperature 
vs  Sink  Current 


0  1  2 

TIME  AFTER  POWER  ON  (MINUTES) 


CuSltVOl,a9eSWingVSLOad 


Short  Circuit  Current  vs  Time 


=  +25" 

:.vs= 

V,  OV 

=  +25' 

c.  vs= 

±15V- 

Ta  = 

+  125"( 

.Vs  =  ! 

V.  OV 

+  125°C.VS=±15V 

1  1 

Ta 

=  +125"C  Vs  = 

=  ±15V 

—  T»  = 

=  +25°C.  VS=±15V- 

!  I 

-50  -  25      0      25      50      75     1  00  125 
TEMPERATURE  CC) 


0.01  0  1  1  10 

S0URC1NG  OR  SINKING  LOAD  CURRENT  (mA| 


TIME  FROM  OUTPUT  SHORT  TO  GROUND  (MINUTES) 


Common-Mode  Range  vs 
Temperature 


V+  -2 


v  +  = 
v-  = 

2.5V  TO  18V 

— —  - 

-50    -25     0      25      50     75     100  125 
TEMPERATURE  CO 


Undistorted  Output  Swing  vs 
Frequency 


1k  10k 
FREQUENCY  (Hz) 


Closed  Loop  Output  Impedance 


A 

1=1 

/Av=  +1 

^AV 

=  10 

100        1k  10k 
FREQUENCY  (Hz) 
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The  LT1077  is  fully  specified  with  V+=5V,  V=0V, 
Vcm  =  0.1V.  This  set  of  operating  conditions  appears  to  be 
the  most  representative  for  battery  powered  micropower 
circuits.  Offset  voltage  is  internally  trimmed  to  a  minimum 
value  at  these  supply  voltages.  When  9V  or  3V  batteries  or 
±  2.5V  dual  supplies  are  used,  bias  and  offset  current 
changes  will  be  minimal.  Offset  voltage  changes  will  be 
just  a  few  microvolts  as  given  by  the  PSRR  and  CMRR 
specifications.  For  example,  if  PSRR  =  114dB  (=2/iV/V),  at 
9V  the  offset  voltage  change  will  be  8/iV.  Similarly, 
Vs  =  ±  2.5V,  Vcm  =  0  is  equivalent  to  a  common-mode  volt- 
age change  of  2.4V  or  a  Vos  change  of  7/tV  if 
CMRR  =  110dB(3,tV/V). 

A  full  set  of  specifications  is  also  provided  at  ±  15V  sup- 
ply voltages  for  comparison  with  other  devices  and  for 
completeness. 

The  LT1077  is  pin  compatible  to,  and  directly  replaces, 
such  precision  op  amps  as  the  OP-07,  OP-77,  AD707  and 
LT1001  with  30  to  60  times  savings  in  supply  current.  The 
LT1077  is  also  a  direct  plug-in  replacement  for  LT1012  and 
OP-97  devices  with  10  times  lower  dissipation.  Compati- 
bility includes  externally  nulling  the  offset  voltage,  as  all 
of  the  above  devices  are  trimmed  with  a  potentiometer  be- 
tween pins  1  and  8  and  the  wiper  tied  to  V + . 

The  LT1077  replaces  and  upgrades  such  micropower  op 
amps  as  the  OP-20,  LM4250,  and  OP-90,  provided  that  the 


external  nulling  circuitry  (and  set  resistor  in  the  case  of 
the  LM4250)  are  removed.  Since  the  offset  voltage  of  the 
LT1077  is  extremely  low,  nulling  will  be  unnecessary  in 
most  applications. 

Single  Supply  Operation 

The  LT1077  is  fully  specified  for  single  supply  operation, 
i.e.,  when  the  negative  supply  is  0V.  Input  common-mode 
range  goes  below  ground  and  the  output  swings  within  a 
few  millivolts  of  ground  while  sinking  current.  All  compet- 
ing micropower  op  amps  either  cannot  swing  to  within 
600mV  of  ground  (OP-20,  OP-220,  OP-420)  or  need  a  pull 
down  resistor  connected  to  the  output  to  swing  to  ground 
(OP-90,  OP-290,  OP-490,  HA5141/42/44).  This  difference  is 
critical  because  in  many  applications  these  competing  de- 
vices cannot  be  operated  as  micropower  op  amps  and 
swing  to  ground  simultaneously. 

As  an  example,  consider  the  difference  amplifiers  shown 
as  Typical  Applications.  When  the  common-mode  signal  is 
high  and  the  output  low,  the  amplifier  has  to  sink  current. 
In  the  gain  of  10  circuit,  the  competing  devices  require  a 
30k  pull  down  resistor  at  the  output  to  handle  the  speci- 
fied signals.  (The  LT1077  does  not  need  pull  down  resis- 
tors.) When  the  output  is  high  the  pull  down  resistor  draws 
80/iA  which  dominates  the  micropower  current  budget. 

This  situation  is  much  worse  in  the  gain  of  one  circuit  with 
V"  =0V.  At  100V  common  mode  the  output  has  to  sink 
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2pA.  At  a  minimum  output  voltage  of  20mV  competing  de- 
vices require  a  10k  pull  down  resistor.  As  the  output  now 
swings  to  10V,  this  resistor  draws  1mA  of  current. 

Since  the  output  of  the  LT1077  cannot  go  exactly  to 
ground,  but  can  only  approach  ground  to  within  a  few 
millivolts,  care  should  be  exercised  to  ensure  that  the  out- 
put is  not  saturated.  For  example,  a  1mV  input  signal  will 
cause  the  amplifier  to  set  up  in  its  linear  region  in  the  gain 
100  configuration  shown  below,  but  is  not  enough  to  make 
the  amplifier  function  properly  in  the  voltage  follower 
mode. 


Gain  100  Amplifier 


Voltage  Follower 


Voltage  Follower  with  Input  Exceeding 


Single  supply  operation  can  also  create  difficulties  at  the 
input.  The  driving  signal  can  fall  below  OV-inadvertently 
or  on  a  transient  basis.  If  the  input  is  more  than  a  few  hun- 
dred millivolts  below  ground,  two  distinct  problems  can 
occur  on  previous  single  supply  designs,  such  as  the 
LM124,  LM158,  OP-20,  OP-21,  OP-220,  OP-221,  OP-420 
(a  and  b),  OP-90/290/490  (b  only): 

a)  When  the  input  is  more  than  a  diode  drop  below  ground, 
unlimited  current  will  flow  from  the  substrate  (V~ 
terminal)  to  the  input.  This  can  destroy  the  unit.  On  the 
LT1077,  resistors  in  series  with  the  input  protect  the  device 
even  when  the  input  is  5V  below  ground. 

b)  When  the  input  is  more  than  400mV  below  ground  (at 
25°C),  the  input  stage  saturates  and  phase  reversal  occurs 
at  the  output.  This  can  cause  lock-up  in  servo  systems. 
Due  to  a  unique  phase  reversal  protection  circuitry,  the 
LT1077's  output  does  not  reverse,  as  illustrated  below, 
even  when  the  input  is  at  -1.0V. 


e  Common-Mode  Range  (Vs = 5V,  0V) 


1ms/DIV 
6Vp-plNPUT,  -1.0TO  +5.0V 


11T1S/DIV 
OP-90  EXHIBITS  OUTPUT 
PHASE  REVERSAL 


Ims/DIV 
LT1077 
NO  PHASE  REVERSAL 


Comparator  Applications 

The  single  supply  operation  of  the  LT1077  and  its  ability  to 
swing  close  to  ground  while  sinking  current  lends  itself  to 

Comparator  Rise  Response  Time 
to  10mV,  5mV,  2mV  Overdrives 


VS  =  5V.  OV  200pS/DIV 


use  as  a  precision  comparator  with  TTL  compatible 
output. 

Comparator  Fall  Response  Time 
to  1 0m  V.  5m  V.  2m  V  Overdrives 


VS  =  5V.  OV  200„s/DIV 
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LT1077 


TYPICAL  APPLICATIONS 


Megaohm  Input  Impedance 
Gain  of  10  Difference  Amplifier 


±  250V  Common-Mode  Range  Difference  Amplifier  (Ay = 1) 

Rl 

-IN  [7| — vw  » — R} 


BANDWIDTH  =  20kHz 
OUTPUT  OFFSET=0.7mV 
OUTPUT  NOISE  =  80|iVpp  (0.1Hz  TO  10Hz) 

2«VV  RMS  OVER  FULL  BANDWIDTH 
SUPPLY  CURRENT  =45nA 

THE  USEFULNESS  OF  DIFFERENCE  AMPLIFIERS  IS  LIMITED  BY  THE  FACT  THAT 
THE  INPUT  RESISTANCE  IS  EQUAL  TO  THE  SOURCE  RESISTANCE.  THE  PICO- 
AMPERE  OFFSET  CURRENT  AND  LOW  CURRENT  NOISE  OF  THE  LT1077  AL- 
LOWS THE  USE  OF  1MB  SOURCE  RESISTORS  WITHOUT  DEGRADATION  IN 
PERFORMANCE.  IN  ADDITION,  WITH  MEGAOHM  RESISTORS  MICROPOWER 
OPERATION  CAN  BE  MAINTAINED. 


R1-R6:VISHAY  444  ACCUTRACT  THIN  FILM 

SIP  NETWORK 
Ixl  :VISHAY  444  PIN  NUMBERS 

VISHAY  INTERTECHNOLOGY,  INC. 
63  LINCOLN  HIGHWAY 
MALVERN,  PA  19355 


COMMON  MODE  REJECTION  RATIO=74dB  (RESISTOR  LIMITED) 
WITH  OPTIONAL  TRIM  =  108dB 
OUTPUT  OFFSET  (TRIMMABLE  TO  ZERO)  =50O^V 
OUTPUT  OFFSET  DRIFT  =  25(tV/°C 
INPUT  RESIST ANCE  =  1M 

(GE=±250V,  V  +  =6.2VT0  18V,  V-=-4.7VT0  -18V 
=  ±100V,V+a3.2V,V-«-1.8V 
=  +100V,  -13V,  V+>3.2V,V-=0V 


Two  Terminal  Current  Source 


Half-Wave  Rectifier 


2M 


'  18V 


«L  +  IS 


VoMm=6mV 
NO  DISTORTION  TO  100Hz 


■  50(<A 


MINIMUM  CURRENT  =  50,iA(R,-c») 
MAXIMUM  CURRENT  =  10.3mA(R,  =  120!!) 
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LT1078/LT1079 


F€RTUR€S 


"ECHNOLUCiY  Micropower,  Dual  and 

Quad,  Single  Supply,  Precision  Op  Amps 

DCSCRIPTIOH 


Available  in  8-Pin  SO  Package 

50|iA  Max  Supply  Current  Per  Amplifier 

70u.V  Max  Offset  Voltage 

180u.V  Max  Offset  Voltage  in  8-Pin  SO 

250pA  Max  Offset  Current 

0.6u.Vp-p  0.1  Hz  to  10Hz  Voltage  Noise 

3pAp-p  0.1  Hz  to  1 0Hz  Current  Noise 

0.4u.V/°C  Offset  Voltage  Drift 

200kHz  Gain-Bandwidth  Product 

0.07V/nsSlew  Rate 

Single  Supply  Operation 

Input  Voltage  Range  Includes  Ground 
Output  Swings  to  Ground  While  Sinking 
No  Pull  Down  Resistors  Needed 

Output  Sources  and  Sinks  5mA 


flPPUCRTIOnS 

■  Battery  or  Solar  Powered  Systems 

Portable  Instrumentation 
Remote  Sensor  Amplifier 
Satellite  Circuitry 

■  Micropower  Sample-and-Hold 

■  ThermocoupleAmplifier 

■  Micropower  Filters 


The  LT1078  is  a  micropower  dual  op  amp  in  8-pin  pack- 
ages including  the  small  outline  surface  mount  package. 
The  LT1079  is  a  micropower  quad  op  amp  offered  in  the 
standard  1 4-pin  packages.  Both  devices  are  optimized  for 
single  supply  operation  at  5V.  +1 5V  specifications  are  also 
provided. 

Micropower  performance  of  competing  devices  isachieved 
at  the  expense  of  seriously  degrading  precision,  noise, 
speed,  and  output  drive  specifications.  The  design  effort  of 
the  LT1 078/1 079  was  concentrated  on  reducing  supply 
current  without  sacrificing  other  parameters.  The  offset 
voltage  achieved  is  the  lowest  on  any  dual  or  quad  non- 
chopper  stabilized  op  amp  —  micropower  or  otherwise. 
Offset  current,  voltage  and  current  noise,  slew  rate  and 
gain-bandwidth  product  are  all  two  to  ten  times  betterthan 
on  previous  micropower  op  amps. 

The  1/f  corner  of  the  voltage  noise  spectrum  is  at  0.7Hz,  at 
least  three  times  lower  than  on  any  monolithic  op  amp. 
This  results  in  low  frequency  (0.1  Hz  to  10Hz)  noise 
performance  which  can  only  be  found  on  devices  with  an 
order  of  magnitude  higher  supply  current. 

Both  the  LT1078  and  LT1079  can  be  operated  from  a 
single  supply  (as  low  as  one  lithium  cell  or  two  Ni-cad 
batteries).  The  input  range  goes  below  ground.  The  all- 
NPN  output  stage  swings  to  within  a  few  millivolts  of 
ground  while  sinking  current— no  power  consuming  pull 
down  resistors  are  needed. 


Single  Battery,  Micropower,  Gain  =  100,  Instrumentation  Amplifier 


1M 


INVERTING 
INPUT 


TYPICAL  PERFORMANCE 

INPUT  OFFSET  VOLTAGE  =  40|iV 

INPUT  OFFSET  CURRENT  =  0.2nA 

TOTAL  POWER  DISSIPATION  =  240|iW 

COMMON-MODE  REJECTION  =  110dB  (AMPLIFIER  LIMITED) 

GAIN-BANDWIDTH  PRODUCT  =  200kHz 


Distribution  of  Input  Offset  Voltage 
(LT1078  and  LT1079  in  H,  J,  N  Packages) 


OUTPUT  NOISE  =  85MVp-p  01  Hz  TO  10Hz 

.  300>iVRMS  OVER  FULL  BANDWIDTH 
0.03V  TO  1.8V 
0.03V  TO  2.3V 

(0.3mV  <  V,Nl  -  V|N_  <  23mV) 
OUTPUTS  SINK  CURRENT  —  NO  PULL  DOWN  RESISTORS 
ARE  N 


Vs  =  5V,  OV 

H 

-J 

■ 

I 

-80  -40 


40      80  120 


INPUT  OFFSET  VOLTAGE  U.V) 
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LT1078/LT1079 


hbsolut€  mnximum  RRTinGs 


Supply  Voltage  ±22V 

Differential  Input  Voltage  +30V 

Input  Voltage  Equal  to  Positive  Supply  Voltage 

 5V  Below  Negative  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range 

All  Grades  -65°Cto150°C 


Operating  Temperature  Range 
LT1078AM/LT1078M/ 

LT1079AM/LT1079M  -55°C  to  125°C 

LT1078I/LT1079I  -40°C  to  85°C 

LT1 078AC/LT1 078C/LT1 078S8/LT1 078S1 6/ 

LT1079AC/LT1079C  0°C  to  70°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRGC/ORDCR  IflFORfTlflTlOn 


8-LEAD 


H  PACKAGE 
TO-5  METAL  CAN 


LT1078  -POI01 


OUT  A  |T 
-IN  A  (T 

-!'.  A  |T 

v-  (T 


TOP  VIEW 

— c — 


J]  v* 

3  OUTB 
J]  -IN  B 
T|  +IN  B 


J8  PACKAGE  N8  PACKAGE 

READ  CERAMIC  DIP    8-LEAD  PLASTIC  DIP 


LT107S-POI02 


J  PACKAGE 
14-LEAD  CERAMIC  DIP 


N  PACKAGE 
l-LEAD  PLASTIC  DIP 


ORDER  PART  NUMBER 


ORDER  PART  NUMBER 


ORDER  PART  NUMBER 


LT1078AMH 
LT1078MH 
LT1078ACH 
LT1078CH 


LT1073AMJ8  LT1078ACN8 

LT1078MJ8  LT1078CN8 

LT1078ACJ8  LT1078IN8 
LT1078CJ8 


LT1079AMJ 
LT1079MJ 
LT1079ACJ 
LT1079CJ 


LT1079ACN 

LT1079CN 

LT1079IN 


TOP  VIEW 


 J]  -IN  A 

i  7]  OUT  A 

T]  OUT  B 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

NOTE:  THIS  PIN  CONFIGURATION  DIFFERS  FROM  THE 
8-LEAD  DIP  PIN  LOCATIONS.  INSTEAD,  IT  FOLLOWS 
THE  INDUSTRY  STANDARD  LT1013DS8  SO  PACKAGE 
CONFIGURATION. 

LTlOTB-POiO* 


16]  NC 

OUTA  |T 

15]  NC 

-inaE 

14]  V* 

♦IN  A  CC 

13]  OUTB 

V*E 

l|]  -IN  B 

+INB  E 

Tj]  +IN  B 

-IN  B  E 

To]  NC 

OUTB  E 

T\  NC 

NC  [7 

S  PACKAGE 
16-LEAD  PLASTIC  SOL 
NOTE:  THIS  DEVICE  IS  NOT  RECOMMENDED 
FOR  NEW  DESIGNS.  li,»,..po«5 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


ORDER  PART  NUMBER 


PART  MARKING 


ORDER  PART  NUMBER 


ORDER  PART  NUMBER 


LT1078IS8 
LT1078S8 


10781 
1078 


LT1078IS16 
LT1078S16 


LT1079IS 
LT1079S 


XTUIKS 
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LT1078/LT1079 


€l€CTRICAl  CHfiRftCT€filSTICS 

Vs  =  5V,  OV,  VCM  =  0.1V,  V0  =  1 .4V,  TA  =  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

LIlUroAM/AL 
LT1079AM/AC 
MIN    TYP  MAX 

1  T1ft7flM/P/l/C 

LI  lU/olVI/WI/o 
LT1079M/C/I/S 
MIN    TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1078 

LT1078IS8/LT1078S8 
LT1 079 

LT1078IS16/S16,  LT1079IS/S 

.   30  70 
35  100 

40  120 
60  180 
40  150 
60  300 

u.V 
u.V 
uV 
(iV 

ATime 

I  nnn  Tprm  Innnt  OffQpt 

Voltage  Stability 

0.4 

0.5 

nV/Mo 

los 

Input  Offset  Current 

nnc    n  Of; 
U.Uj  U.ZD 

U.UD  U.JO 

le 

Input  Bias  Current 

6  8 

6  10 

nA 

en 

Input  Noise  Voltage 

O.IHzto  10Hz  (Note  2) 

0.6  1.2 

0.6 

liVp-p 

Input  Noise  Voltage  Density 

f0  =  10Hz  (Note  2) 
frj  =  1000Hz  (Note  2) 

29  45 
28  37 

29 
28 

nV/VRz 
nV/VRz 

in 

Input  Noise  Current 

O.IHzto  10Hz  (Note  2) 

2.3  4.0 

2.3 

pAp-p 

Input  Noise  Current  Density 

f0=10Hz  (Note  2) 
fo=  1000Hz 

0.06  0.10 
0.02 

0.06 
0.02 

pAA/Hz 
pA/VHz 

Input  Resistance 
Differential  Mode 

Common-Mode 

(Note  3) 

400  800 

300  800 

MQ 

6 

6 

GQ 

Input  Voltage  Range 

3.5  3.8 
0  -0.3 

3.5  3.8 
0  -0.3 

V 
V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  OVto3.5V 

97  110 

94  108 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  2.3V  to  12V 

102  114 

100  114 

dB 

Avol 

Large  Signal  Voltage  Gain 

V0  =  0.03V  to  4V,  No  Load 
Vp  =  0.03V  to  3.5V,  Rl  =  50k 

200  1000 
150  600 

150  1000 
120  600 

V/mV 
V/mV 

Maximum  Output  Voltage  Swing 

Output  Low,  No  Load 
Output  Low,  2k  to  GNO 
Output  Low,  Isink  =  100uA 

•5.0  D 

0.55  1.0 
95  130 

O.D  D 

0.55  1.0 
95  130 

mv 
mV 
mV 

Output  High,  No  Load 
Output  High,  2k  to  GND 

4.2  4.4 

3.5  3.9 

4.2  4.4 

3.5  3.9 

V 
V 

SR 

Slew  Rate 

Av  =  +1,  VS  =  ±2.5V 

0.04  0.07 

0.04  0.07 

V/u.s 

GBW 

Gain-Bandwidth  Product 

f0  <  20kHz 

200 

200 

kHz 

Is 

Supply  Current  Per  Amplifier 

38  50 

39  55 

MA 

Channel  Separation 

AV|N  =  3V,  RL  =  10k 

130 

130 

dB 

Minimum  Supply  Voltage 

(Note  4) 

2.2  2.3 

2.2  2.3 

V 
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LT1078/LT1079 


€l€CTMCm  CHRRRCT6RISTICS 

Us  =  5V,  OV,  VCm  ■  0.1V,  V0  =  1 ,4V.  -40  C  <  TA  <  85  C  lor  I  grades,  -55  C  <  TA  <  125  C  for  AM/M  grades,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1 078AM 
LT1 079AM 
TYP 

MAX 

MIN 

LT1078M/I 
LT1079M/I 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1078 

I  Tin7Q  I  T1D7ftlCfl 
L!  IU/y,  LI  lU/OloO 

LT1078IS16,  LT1079IS 

70 
80 

250 
280 

95 

100 

100 

370 
400 
560 

U.V 
uV 
u.V 

AVqs 
aT 

Input  Offset  Voltage  Drift 

/Nntp  M 

LT1078IS8 

LT1078IS16,  LT1079IS 

* 

0.4 

1.8 

0.5 
0.6 
0.7 

2.5 
3.5 
4.0 

HV/°C 

nv/°c 

1 

•OS 

Input  Offset  Current 

LT1078I,  LT1079I 

n  (\7 

U.DU 

0.07 
0.1 

0.70 
1.0 

nA 

nA 

Id 

Input  Bias  Current 

7 

10 

7 

12 

nA 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  0.05V  to  3.2V 

92 

106 

88  104 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  3.1Vto  12V 

98 

110 

94 

110 

dB 

Avol 

Large  Signal  Voltage  Gain 

V0  =  0.05V  to  4V,  No  Load 
V0  =  0.05V  to  3.5V,  RL  =  50k 

110 
80 

600 
400 

80 
60 

600 
400 

V/mV 
V/mV 

Maximum  Output  Voltage  Swing 

Output  Low,  No  Load 
Output  Low,  Isink  =  100pA 

4.5 
125 

8 

170 

4.5 
125 

8 

170 

mV 
mV 

Output  High,  No  Load 
Output  High,  2k  to  GND 

3.9 
3.0 

4.2 
3.7 

3.9 
3.0 

4.2 

3.7 

V 
V 

Is 

Supply  Current  Per  Amplifier 

43  60 

45 

70 

HA 

€l€CTRICfll  CHRRRCT€RISTICS 

VS  =  5V,  OV,  VCM  =  0.1V,  V0  =  1 .4V,  0°C  <  TA  <  70°C,  unless  otherwise  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1078AC 
LT1079AC 
TYP 

MAX 

MIN 

LT1078C/S 
LT1079C/S 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1078 
LT1079 
LT1078S8 

LT1078S16,  LT1079S 

50 
60 

150 
180 

60 
70 
85 
90 

240 
270 
350 
480 

UV 
M-V 

M.V 
M.V 

AV0S 
AT 

Input  Offset  Voltage  Drift 
(Note  5) 

LT1078S8 

LT1078S16,  LT1079S 

0.4 

1.8 

0.5 
0.6 
0.7 

2.5 
3.5 
4.0 

u.V/°C 
U.WC 
u.V/°C 

los 

Input  Offset  Current 

» 

0.06 

0.35 

0.06 

0.50 

nA 

Ib 

Input  Bias  Current 

« 

6 

9 

6 

11 

nA 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  0Vto  3.4V 

• 

94 

108 

90 

106 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  2.6V  to  12V 

100 

112 

97 

112 

dB 

Avol 

Large  Signal  Voltage  Gain 

V0  =  0.05V  to  4V,  No  Load 
V0  =  0.05V  to  3.5V,  RL  =  50k 

150 
110 

750 
500 

110 
80 

750 
500 

V/mV 
V/mV 

Maximum  Output  Voltage  Swing 

Output  Low,  No  Load 
Output  Low,  Isink  =  100uA 

4.0 
105 

7 

150 

4.0 
105 

7 

150 

mV 
mV 

Output  High,  No  Load 
Output  High,  2k  to  GND 

4.1 
3.3 

4.3 
3.8 

4.1 
3.3 

4.3 
3.8 

V 

V 

Is 

Supply  Current  Per  Amplifier 

40 

55 

42 

63 

MA 

I 
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LT1078/LT1079 


CICCTRICRl  CHRRRCT€RISTICS  VS  =  ±15V,TA  =  25=C,  unless  otherwise  noted 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1078AM/AC 
LT1079AM/AC 
MIN     TYP  MAX 

LT1078M/C/I/S 
LT1079M/C/I/S 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Including  LT1 078IS8/S8) 
LT1078IS16/S16,  LT1079IS/S 

50  250 

70  350 
80  500 

M-V 
M-V 

I  OS 

Input  Offset  Current 

0.05  0.25 

0.05  0.35 

nA 

Ib 

Input  Bias  Current 

6  8 

6  10 

nA 

Input  Voltage  Range 

13.5  13.8 
-15.0  -15.3 

13.5  13.8 
-15.0  -15.3 

V 
V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  +13.5V,-15V 

100  114 

97  114 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  5V,  0Vto±18V 

102  114 

100  114 

dB 

AvoL 

Large  Signal  Voltage  Gain 

V0  =  +10V,  RL  =  50k 
Vo  =  ±10V,  RL  =  2k 

1000  5000 
400  1100 

1000  5000 
300  1100 

V/mV 
V/mV 

VOUT 

Maximum  Output  Voltage  Swing 

RL  =  50k 
RL  =  2k 

±13.0  ±14.0 
±11.0  ±13.2 

±13.0  ±14.0 
±11.0  ±13.2 

V 
V 

SR 

Slew  Rate 

0.06  0.10 

0.06  0.10 

Whs 

Is 

Supply  Current  Per  Amplifier 

46  65 

47  75 

ha 

CLCCTRICRL  CHRRflCTCRISTICS 

Vs  =  +15V,  -40°C  <  TA  <  85°C  lor  I  grades,  -55°C  <  TA  <  125°C  for  AM/M  grades,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 078AM 
LT1 079AM 
MIN     TYP  MAX 

LT1078M/I 
LT1079M/I 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Including  LT1078IS8) 
LT1078IS16,  LT1079IS 

90  430 

120  600 
130  825 

0 
HV 

AV0S 
AT 

Input  Offset  Voltage  Drift 
(Note  5) 

LT1078IS8 

LT1078IS16,  LT1079IS 

0.5  1.8 

0.6  2.5 
0.7  3.8 
0.8  5.0 

HW°C 
HW°C 
|jV/°C 

los 

Input  Offset  Current 

LT1078I,  LT1079I 

0.07  0.50 

0.07  0.70 
0.1  1.0 

nA 
nA 

Ib 

Input  Bias  Current 

7  10 

7  12 

nA 

AVOL 

Large  Signal  Voltage  Gain 

V0  =  ±10V,  RL  =  5k 

200  700 

150  700 

V/mV 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  +13V,  -14.9V 

94  110 

90  110 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  5V,  0V  to±18V 

98  110 

94  110 

dB 

Maximum  Output  Voltage  Swing 

RL  =  5k 

±11.0  ±13.5 

±11.0  ±13.5 

V 

is 

Supply  Current  Per  Amplifier 

52  80 

54  95 

HA 
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€l€CTRICfll  CHARACTERISTICS  VS  =  ±15V,  0°C<TA<70°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1078AC 
LT1079AC 
MIN     TYP  MAX 

LT1078C/S 
LT1079C/S 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1078S8 

LT1078S16,  LT1079S 

• 

70  330 

90  460 
100  540 
115  750 

(iV 
u.V 
I* 

AV0S 
AT 

Input  Offset  Voltage  Drift 
(Note  5) 

LT1078S8 

LT1078S16,  LT1079S 

0.5  1.8 

0.6  2.5 
0.7  3.8 
0.8  5.0 

u.V/°C 
p.V/°C 
u.V/°C 

'os 

Input  Offset  Current 

0.06  0.35 

0.06  0.50 

nA 

la 

Input  Bias  Current 

6  9 

6  11 

nA 

AvOL 

Large  Signal  Voltage  Gain 

V0  =  ±10V,  R|_  =  5k 

300  1200 

250  1200 

V/mV 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  13V,  -15V 

97  112 

94  112 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  5V,  0Vto±18V 

100  112 

97  112 

dB 

Maximum  Output  Voltage  Swing 

RL  =  5k 

±11.0  ±13.6 

±11.0  ±13.6 

V 

Is 

Supply  Current  Per  Amplifier 

49  73 

50  85 

MA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  Note  3: 

temperature  range.  Note  4: 

Note  1:  Typical  parameters  are  defined  as  the  60%  yield  of  parameter  voltage 
distributions  of  individual  amplifiers;  i.e.,  out  of  100  LT1079s  (or  100  skew  of 

LT1 078s)  typically  240  op  amps  (or  1 20)  will  be  better  than  the  indicated  Note  5: 
specification. 

Note  2:  This  parameter  is  tested  on  a  sample  basis  only.  / 
parameters  are  tested  with  Vs  =  ±2.5V,  V0  =  0V. 


"his  parameter  is  guaranteed  by  design  and  is  not  tested. 
Power  supply  rejection  ratio  is  measured  at  the  minimum  supply 
The  op  amps  actually  work  at  1 .8V  supply  but  with  a  typical  offset 

-300u.V. 

'his  parameter  is  not  100%  tested. 


U1078/LT1079 


TYPICAL  P€RFORflinnC€  charact€Ristics 

Supply  Current  vs  Temperature 


Input  Bias 
Temperature 


v 

.=±1 

5V 

-5V.  OV 

-50  -25      0      25      50      75     100  125 
TEMPERATURE  (°C) 


0.1  Hz  to  10Hz  Noise 


1® 


VS=±2.5V 
TA  =  25"C 


2  4  6  8 

TIME  (SECONDS) 


10Hz  Voltage  Noise  Distribution 


:2.5V 

25°C~ 
AMPS 

392  OP 

TESTED  FROM 
THREE  RUNS 

106  LT 
45  LT 

1078s 
1079s 

25  30  35  40 

VOLTAGE  NOISE  DENSITY  (nWVHz) 


V,  OV 

0  ±1 

V 

— Iqs- 

-ib- 

0.01  Hz  to  10Hz  Noise 


~  r 

_ CHANNEL  A 


CHANNEL B 
,1  llil,  I  J    ll  .   li.  till 


If  '  'IP  ffV*"  "rf  T 


HiLdkk^jJiiiihJkjiiiiJlUUi 


I         1     [  1 

0         20  40         60  80 

TIME  (SECONDS) 


Distribution  of  Offset  Voltage  Drift 
with  Temperature  (In  All  I 
Except  Surface  Mount) 


VS  =  5V.  0V 

120  LT  1078s 
'         7n  i  Tunn. 

1 

D9 

,20  ( 

PAN 

PS 

1 

9 

i 

47 

L 

4 

7 

1 

3^ 

4 

3  I 

1 

1 

Input  Bias  Current  vs 
Common-Mode  Voltage 


-50    -25      0       25      50      75      100  125 
TEMPERATURE (°C) 


VS=5 

/,  OV 

,=-65° 

rA=2 

■r,  T 

r 

f 

TS=125° 

C 

-10  1  2  3  4 

COMMON-MODE  VOLTAGE  (V) 

Noise  Spectrum 


10  100 
FREQUENCY (Hz) 


Long  Term  Stability  of  Two 
Representative  Units  (LT1078) 


-2-10  1  2 

OFFSET  VOLTAGE  DRIFT  WITH  TEMPERATURE  (,iV/"C) 


1  2  3 

TIME  (MONTHS) 


LT1078/LT1079 


TYPICAL  P€RFORmnnC€  CHRRflCT€RISTICS 


Voltage  Gain  vs  Frequency  Gain,  Phase  vs  Frequency  Capacitive  Load  Handling 


Slew  Rate,  Gain  Bandwidth 

Product  and  Phase  Margin  vs  Large  Signal  Transient  Response  Large  Signal  Transient  Response 

Temperature  VS  =  5V,0V  VS=±15V 


XTUJ 
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TVPICAL  PCRFORmROCC  CHDRflCTCRISTICS 


Output  Saturation  vs  Temperature 
vs  Sink  Current 


Output  Voltage  Swing  vs  Load 
Current 


-25      0      25      50      75     100  125 
TEMPERATURE  (°C) 


0.01  0.1  1  10 

S0URCING  OR  SINKING  LOAD  CURRENT  (mA) 


Distribution  of  Input  Offset  Voltage 
(LT1078  in  8-Pin  SO  Package) 


1 

=  5V,  OV 

=  25" 

1- 

-160  -120  -80  -40    0     40     80    120  160 
INPUT  OFFSET  VOLTAGE  (p_V) 


Common  Mode  Range  vs 
Temperature 


<  V  +  -2 


V+=2.5VT0  18V 
V-=0VTO  -18V 


-50    -25     0      25      50     75     100  125 
TEMPERATURE  (°C) 


Undistorted  Output  Swing  vs 
Frequency 


Closed  Loop  Output  Impedance 


Ik  10k 
FREQUENCY  (Hz) 


A 

r=1 

/Av=+1 
i  i 

=  10 

100        1k        10k  100k 
FREQUENCY (Hz) 


Common-Mode  Rejection  Ratio 
vs  Frequency 


120 
2.100 


3  60 


TA= 

>5°C 

^Vs= 

t15V 

Vs 

=  5V.  0\T 

10        100        1k        10k       100k  1M 
FREQUENCY (Hz) 


Power  Supply  Rejection  Ratio 
vs  Frequency 


Channel  Separation  vs  Frequency 


_  Vc  = 

±2.5V 

TA  =  25°C 
V|N  =  3Vp-pT 
RL  =  10k 

I 

)2kHz 

).1      1       10     100     1k     10k  100k 
FREQUENCY (Hz) 


100  1k  10k  100k  1M 
FREQUENCY (Hz) 
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TYPICAL  P€fiFORmnnC€  CHRRRCT6RISTICS 


Small  Signal  Transient  Response  Small  Signal  Transient  Response 

VS  =  5V,0V  VS=±2.5V 


KVs/DIV 

Av=  +1,  CL  =  15pF,  INPUT  50mVT0  150mV  Av=  +1,  CL  =  15pF 


Small  Signal  Transient  Response 
VS=±15V 


Av=+1.  CL=15pF 


RPPUCRTIOnS  IRFORmfiTIOn 

The  LT1078/LT1079  devices  are  fully  specified  with 
V+=5V,  V~=0,  Vcm  =  0.1V.  This  set  of  operating  condi- 
tions appears  to  be  the  most  representative  for  battery 
powered  micropower  circuits.  Offset  voltage  is  internally 
trimmed  to  a  minimum  value  at  these  supply  voltages. 
When  9V  or  3V  batteries  or  ±  2.5V  dual  supplies  are  used, 
bias  and  offset  current  changes  will  be  minimal.  Offset 
voltage  changes  will  be  just  a  few  microvolts  as  given  by 
the  PSRR  and  CMRR  specifications.  For  example,  if 
PSRR  =  114dB  (  =  2/iV/V),  at  9V  the  offset  voltage  change 
will  be  o>V.  Similarly,  Vs  =  ±  2.5V,  Vqm  =  0  is  equivalent  to  a 
common-mode  voltage  change  of  2.4V  or  a  Vos  change  of 
7,lVifCMRR  =  110dB(3,fV/V). 


A  full  set  of  specifications  is  also  provided  at  ±  15V  sup- 
ply voltages  for  comparison  with  other  devices  and  for 
completeness. 


Single  Supply  Operation 

The  LT1078/LT1079  are  fully  specified  for  single  supply 
operation,  i.e.,  when  the  negative  supply  is  OV.  Input  com- 
mon-mode range  goes  below  ground  and  the  output 
swings  within  a  few  millivolts  of  ground  while  sinking  cur- 
rent. All  competing  micropower  op  amps  either  cannot 
swing  to  within  600mV  of  ground  (OP-20,  OP-220,  OP-420) 


jrwrn 
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APPLICATION  lAFORmATIOn 


or  need  a  pull  down  resistor  connected  to  the  output  to 
swing  to  ground  (OP-90,  OP-290,  OP-490,  HA5141/42/44). 
This  difference  is  critical  because  in  many  applications 
these  competing  devices  cannot  be  operated  as  micro- 
power  op  amps  and  swing  to  ground  simultaneously. 

As  an  example,  consider  the  instrumentation  amplifier 
shown  on  the  front  page.  When  the  common-mode  signal 
is  low  and  the  output  is  high,  amplifier  A  has  to  sink 
current.  When  the  common-mode  signal  is  high  and  the 
output  low,  amplifier  B  has  to  sink  current.  The  competing 
devices  require  a  12k  pull  down  resistor  at  the  output  of 
amplifier  A  and  a  15k  at  the  output  of  B  to  handle  the 
specified  signals.  (The  LT1078  does  not  need  pull  down  re- 
sistors.) When  the  common-mode  input  is  high  and  the 
output  is  high  these  pull  down  resistors  draw  300/iA  (150/iA 
each),  which  is  excessive  for  micropower  applications. 

The  instrumentation  amplifier  is  by  no  means  the  only  ap- 
plication requiring  current  sinking  capability.  In  7  of  the  9 
single  supply  applications  shown  in  this  data  sheet  the  op 
amps  have  to  be  able  to  sink  current.  In  two  of  the  applica- 
tions the  first  amplifier  has  to  sink  only  the  6nA  input  bias 
current  of  the  second  op  amp.  The  competing  devices, 
however,  cannot  even  sink  6nA  without 
resistor. 

Since  the  output  of  the  LT1078/U1079  cannot  go  exactly 
to  ground,  but  can  only  approach  ground  to  within  a  few 
millivolts,  care  should  be  exercised  to  ensure  that  the  out- 
put is  not  saturated.  For  example,  a  1  mV  input  signal  will 
cause  the  amplifier  to  set  up  in  its  linear  region  in  the  gain 


100  configuration  shown  below,  but  is  not  enough  to  make 
the  amplifier  function  properly  in  the  voltage  follower 
mode. 


Gain  100  Amplifier 


Voltage  Follower 


R 

> 

Single  supply  operation  can  also  create  difficulties  at  the 
input.  The  driving  signal  can  fall  below  OV-inadvertently 
or  on  a  transient  basis.  If  the  input  is  more  than  a  few  hun- 
dred millivolts  below  ground,  two  distinct  problems  can 
occur  on  previous  single  supply  designs,  such  as  the 
LM124,  LM158,  OP-20,  OP-21,  OP-220,  OP-221,  OP-420 
(a  and  b),  OP-90/290/490  (b  only): 

a)  When  the  input  is  more  than  a  diode  drop  below  ground, 
unlimited  current  will  flow  from  the  substrate  (V~ 
terminal)  to  the  input.  This  can  destroy  the  unit.  On  the 
LT1078/LT1079,  resistors  in  series  with  the  input  protect 

>  even  when  the  input  is  5V  below  ground. 

b)  When  the  input  is  more  than  400mV  below  ground  (at 
25°C),  the  input  stage  saturates  and  phase  reversal  occurs 
at  the  output.  This  can  cause  lock-up  in  servo  systems. 
Due  to  a  unique  phase  reversal  protection  circuitry,  the 
LT1078/LT1079's  output  does  not  reverse,  as  illustrated 
below,  even  when  the  inputs  are  at  -  1.0V. 


Voltage  Follower  with  Input  Exceeding  the  Negative  Common-Mode  Range  (V$  =  5V,  0V) 

I 


lllll 


Ims/DIV 
6Vp-p  INPUT,  -1.0  TO  +5.0V 


IBM 

"II 


4V 

2V 


1ms/DIV 


OP-90  EXHIBITS  OUTPUT 
PHASE  REVERSAL 


LT1078/LT1079 
NO  PHASE  REVERSAL 
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npPLicnnons  inFonmnnon 

Matching  Specifications 

In  many  applications  the  performance  of  a  system 
depends  on  the  matching  between  two  op  amps,  rather 
than  the  individual  characteristics  of  the  two  devices.  The 
two  and  three  op  amp  instrumentation  amplifier  configura- 
tions shown  in  this  data  sheet  are  examples.  Matching 
characteristics  are  not  100%  tested  on  the  LT1078/79. 


Some  specifications  are  guaranteed  by  definition.  For 
example,  70/iV  maximum  offset  voltage  implies  that  mis- 
match cannot  be  more  than  140^V.  97dB  (= 14/A//V)  CMRR 
means  that  worst  case  CMRR  match  is  91dB  (  =  26>V/V). 
However,  the  following  table  can  be  used  to  estimate  the 
expected  matching  performance  at  Vs  =  5V,  0V  between 
the  two  sides  of  the  LT1078,  and  between  amplifiers  A  and 
D,  and  between  amplifiers  B  and  C  of  the  LT1079. 


LT1078AM/AC 
LT1079AM/AC 

LT1078M/C 
LT1079M/C 

PARAMETER 

50%  YIELD 

98%  YIELD 

50%  YIELD 

98%  YIELD 

UNITS 

Vos  Match,  AV0S 

LT1078 

30 

110 

50 

190 

pV 

LT1079 

40 

150 

50 

250 

Temperature  Coefficient  AVos 

0.5 

1.2 

0.6 

1.8 

,VI»C 

Average  Non-Inverting  lB 

6 

8 

6 

10 

nA 

Match  of  Non-Inverting  lB 

0.12 

0.4 

0.15 

0.5 

nA 

CMRR  Match 

120 

100 

117 

97 

dB 

PSRR  Match 

117 

105 

117 

102 

dB 

Comparator  Applications 

The  single  supply  operation  of  the  LT1078/1079  and  its  lends  itself  to  use  as  a  precision  comparator  with  TTL 
ability  to  swing  close  to  ground  while  sinking  current     compatible  output. 


Comparator  Rise  Response  Time  Comparator  Fall  Response  Time 

to  1 0mV,  5m  V,  2mV  Overdrives  to  10m  V.  5m  V,  2m  V  Overdrives 


VS  =  5V.  0V        200«S/DIV  VS  =  5V,  0V  200|iS/DIV 


xtiubs 
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Micropower,  10ppm/<lC,  +  5V  Reference 


Gain  of  10  Difference  Amplifier 


-5.000V  OUTPUT 


-±-        SUPPLY  CURRENT:  +9V  BATTERY  -  115^A 
-9V  BATTERY=85mA 
OUTPUT  NOISE:  36,<Vpp,  0.1H2  TO  10Hz 

THE  LT1078  CONTRIBUTES  LESS  THAN  3%  OF  THE  TOTAL  OUTPUT  NOISE  AND 
DRIFT  WITH  TIME  AND  TEMPERATURE.  THE  ACCURACY  OF  THE  -5V  OUTPUT 
DEPENDS  ON  THE  MATCHING  OF  THE  TWO  1 M  RESISTORS. 


BANDWIDTH  =  20kHz 
OUTPUT  0FFSET  =  0.7mV 
OUTPUT  NOISE  - 80/tV pp  (O.IHzTO  10Hz) 

260,.V  RMS  OVER  FULL  BANDWIDTH 

THE  USEFULNESS  OF  DIFFERENCE  AMPLIFIERS  IS  LIMITED  BY  THE  FACT  THAT 
THE  INPUT  RESISTANCE  IS  EQUAL  TO  THE  SOURCE  RESISTANCE.  THE  PICO- 
AMPERE  OFFSET  CURRENT  AND  LOW  CURRENT  NOISE  OF  THE  LT1078  AL- 
LOWS THE  USE  OF  IMS)  SOURCE  RESISTORS  WITHOUT  DEGRADATION  IN 
PERFORMANCE.  IN  ADDITION,  WITH  MEGAOHM  RESISTORS  MICROPOWER 
OPERATION  CAN  BE  MAINTAINED. 
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TYPICAL  RPPUCATIOnS 


+  85V,  -  100V  Common  Mode 
Range  Instrumentation  Amplifier 
(AV  =  10) 

Half-Wave  Rectifier 


1M 

■vw 


(DOMINATED  BY  RESISTOR  NOISE) 
INPDT  RESISTANCE  =  10MO 


Absolute  Value  Circuit  (Full-Wave  Rectifier) 


Programmable  Gain  Amplifier  (Single  Supply) 


1.11k  10k  100k  1M 


XTUEKS 
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TYPICAL  RPPUCflTIOnS 


Single  Supply,  Micropower,  Second  Order  Low  Pass  Filter  with  60Hz  Notch 


0.02/iF 


fc  =  40Hz 
0>30 


lOOOpF 

0  5% 


OUTPUT 

TYPICAL  OFFSET 
«600,.V 


Multiplier/Divider 


¥  INPUT 
(5mV  TO  50V) 


x  input"  ™ 

(5mVTO50V)-^/W 


'^^ISmVTOSOV) 


OUTPUT 
(5mV  TO  8V) 


TYPICAL  LINEARITY -0  01%  OF  FULL  SCALE  OUTPUT 


Ql-04  =  MAT-04 


NEGATIVESUPPLYCURRENT  =  165^  +  1+V+i+ML 
500k 


OUTPUT =  1xIClL  .  POSITIVE  INPUTS  ONLY        POSITIVE  SUPPLY  CURRENT  =  165pA+  ™; 

BANDWIDTH  (<3VP„  SIGNAL):  X  ANDY  INPUTS  =  10kHz 
Z  INPUT=4kH2 
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TVPicni  flppucnnons 


Micropower  Dead  Zone  Generator 


LT1078/LT1079 


TVPICflL  ftPPLICfiTIOnS 


Lead  Acid  Low  Battery  Detector  with  System  Shutdown 


TOTAL  SUPPLY  CURRENT  =  105/aA 


Platinum  RTD  Signal  Conditioner  with  Curvature  Correction 


3V  (LITHIUM) 
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 LT1097 

Low  Cost,  Low  Power 
Precision  Op  Amp 


F€ATUR€S 

■  Offset  Voltage 

50nV  Max 

■  Offset  Voltage  Drift 

1.0mV/°C  Max 

■  Bias  Current 

250pA  Max 

■  Offset  Current 

250pA  Max 

■  Bias  and  Offset  Current  Drift 

4pA/°CMax 

■  Supply  Current 

560ftA  Max 

>  0.1Hz  to  10Hz  Noise 

0.5/tVp-p,  2.2pAp-p 

■  CMRR 

115dBMin 

■  Voltage  Gain 

117dBMin 

.  PSRR 

114dBMin 

■  Guaranteed  Operation  on  Two  NiCad  Batteries 

■  Price  (1000's)  for  Above  Specs 

$0.97 

nppucnnons 

■  Replaces  OP-07/OP-77/OP-97/OP-177/AD707/LT1001 

with  Improved  Price/Performance 

■  High  Impedance  Difference  Amplifiers 

■  Logarithmic  Amplifiers  (Wide  Dynamic  Range) 

■  Thermocouple  Amplifiers 

■  Precision  Instrumentation 

■  Active  Filters  (with  Small  Capacitors) 


D€SCMPTIOn 

The  LT1097  achieves  a  new  standard  in  combining  low 
price  and  outstanding  precision  performance. 

On  all  operational  amplifier  datasheets,  the  specifications 
listed  on  the  front  page  are  for  highly  selected,  expensive 
grades,  while  the  specs  for  the  low  cost  grades  are  buried 
deep  in  the  datasheet. 

The  LT1097  does  not  have  any  selected  grades,  the  out- 
standing specifications  shown  in  the  features  section  are 
for  its  only  grade  -  priced  at  97  cents  in  thousands. 

The  design  effort  of  the  LT1097  concentrated  on  opti- 
mizing the  performance  of  all  precision  specs  —  at  only 
350/iA  of  supply  current.  Typical  values  are  10pV  offset 
voltage,  40pA  bias  and  offset  currents,  0.2/iV/°C  and 
0.4pA/°C  drift.  Common  mode  and  power  supply  rejec- 
tions, voltage  gain  are  typically  in  excess  of  128dB. 

All  parameters  that  are  important  for  precision,  low  power 
op  amps  have  been  optimized.  Consequently,  using  the 
LT1097,  error  budget  calculations  in  most  applications  are 
unnecessary. 

Protected  by  U.S.  patents  4,575,685;  4,775,884  and 
4,837,496 


TYPICAL  APPUCATIOn 

Saturated  Standard  Cell  Amplifier 


OUT  =  1.1VTO8.0V 
AS1.8k<R2<135k 


THE  TYPICAL  40pA  BIAS  CURRENT  OF  THE  LT1097 
WILL  DEGRADE  THE  STANDARD  CELL  BY  ONLY 
1ppm/YEAR.  NOISE  IS  A  FRACTION  OF  A  ppm. 
UNPROTECTED  GATE  MOSFET  ISOLATES 
STANDARD  CELL  ON  POWER  DOWN. 


Input  Offset  Voltage  Distribution 


6,500  UNITS  IN  SO  PACKAGE 
fi  Run  i  initc  iw  pi  flSTin  nip 

13,180  UNITS  TESTED 

vs 

=  ±1 

=  25° 

5V 

Ta 

I 

L 

— i— 

-50  -  40  -  30  -  20  -10  0    1  0   20   30    40  50 
INPUT  OFFSET  VOLTAGE  (,V) 
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rbsoiutc  mnximum  rrtirgs  prckrgc/ordcr  inFORmnnon 


Supply  Voltage  ±20V 

Differential  Input  Current  (Note  1)  ±  10mA 

Input  Voltage  ±20V 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range  -  40°C  to  85°C 

Storage  Temperature  Range  -  65°C  to  1 50°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


;  TRIM  [7 

-  .  [7 


TOP  VIEW 


,_■     LT1097  ■_ 
+  IN|T  _6J  OUT 

IT  Tl  UVER 


T]  V0s  TRIM 
JJ  V  + 


N PACKAGE 
8-LEAD  PLASTIC  DIP 


hn  over 
nriMP 


SO  PACKAGE 
8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LT1097CN8 


LT1097S8 


PART  MARKING 


1097 


€UECTRICRL  CHARACTERISTICS  Vs  =  ±  15V,  VCM  =  0V,TA  =  25°C,  unless  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1097CN8 
TYP 

MAX 

MIN 

LT1097S8 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

10 

50 

10 

60 

AV0S 
ATime 

Long  Term  Input  Offset 
Voltage  Stability 

0.3 

0.3 

,,V/Mo 

los 

Input  Offset  Current 

40 

250 

60  350 

pA 

!i 

Input  Bias  Current 

±40 

±250 

±50 

±350 

PA 

e„ 

Input  Noise  Voltage 

0.1Hzto10Hz 

0.5 

0.5 

fVp-p 

Input  Noise  Voltage  Density 

f0  =  10Hz 
f0=  1000Hz 

16 
14 

16 
14 

nV/vfiz 
nV/vHz 

I, 

Input  Noise  Current 

0.1Hzto10Hz 

2.2 

2.4 

pAp-p 

Input  Noise  Current  Density 

f0  =  10Hz 
f0=  1000Hz 

0.030 
0.008 

.  

0.035 
0.008 

pA/Vflz 
pAK'Hz 

Input  Resistance 
Differential  Mode 
Common-Mode 

(Note  2) 

30 

80 

10'2 

25 

70 

8x1011 

MS! 
S! 

Input  Voltage  Range 

±13.5 

±14.3 

±13.5 

±14.3 

V 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM=±  13.5V 

115 

130 

115          130  dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs=  +1.2Vto  ±20V 

114 

130 

114         130  dB 

AvOL 

Large  Signal  Voltage  Gain 

Vo=±12V,RL=10k 
V0=  ±10V,RL  =  2k 

700 
250 

2500 
1000 

700 
250 

2500 
1000 

V/mV 
V/mV 

VOUT 

Output  Voltage  Swing 

RL=10k 
RL  =  2k 

±13 
±11.5 

±13.8 
±13.0 

±13 
±11.5 

±13.8 
±13.0 

V 
V 

SR 

Slew  Rate 

0.1 

0.2 

0.1 

0.2 

V/^s 

GBW 

Gain  Bandwidth  Product 

700 

700 

kHz 

Is 

Supply  Current 

350 

560 

350 

560 

/"A 

Offset  Adjustment  Range 

Rpot  =  10k,  Wiper  toV+ 

±600 

±600 

dV 

MinimumSupply  Voltage 

(Note  3) 

±1.2 

±1.2 

V 

nr\m 
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€l€CTRICAl  CHARACTERISTICS  Vs=  ±15V,VcM  =  0V,0»C<TA<70«C,unlessolherwisenoted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1097CN8 
TYP 

MAX 

MIN 

LT1097S8 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

• 

20 

100 

20 

130 

«V 

Average  Temperature  Coefficient  of 
Input  Offset  Voltage 

(Note  4) 

* 

0.2 

1.0 

0.2 

1.4 

,<v/°c 

los 

Input  Offset  Current 

60 

430 

75 

570 

pA 

Average  Temperature  Coefficient  of 
Input  Offset  Current 

(Note  4) 

0.4 

4 

0.5 

5 

pA/°C 

lB 

Input  Bias  Current 

±60 

±430 

±75 

±570 

pA 

Average  Temperature  Coefficient  of 
Input  Bias  Current 

(Note  4) 

0.4 

4 

0.5 

5 

pA/°C 

Avol 

Large  Signal  Voltage  Gain 

V0UT=  ±12V,RL>10kH 
VOuT=±10V,RL>2kB 

450 
180 

2000 
800 

450 
180 

2000 
800 

V/mV 
V/mV 

CMRR 

Common  Mode  Rejection  Ratio 

VCM=±  13.5V 

112 

128 

112 

128 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs=  +1.3V  to  ±20V 

111 

128 

111 

128 

dB 

Input  Voltage  Range 

±13.5 

±14.2 

±13.5 

±14.2 

V 

Vout 

Output  Voltage  Swing 

RL  =  10kG 

±13 

±13.7 

±13 

±13.7 

V 

Is 

Supply  Current 

380 

700 

380 

700 

MA 

CLCCTRICAL  CHARACTERISTICS 

Vs=  ±15V,VCm  =  0V,  -40°C<TA<85oC,unlessotherwisenoted.(Note5) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1097CN8 
TYP 

MAX 

MIN 

LT1097S8 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

• 

25 

130 

30 

170 

0 

Average  Temperature  Coefficient  of 
Input  Offset  Voltage 

• 

0.3 

1.2 

0.3 

1.6 

,.V/°C 

Average  Temperature  Coefficient  of 
Input  Offset  Current 

pA/°C 

lB 

Input  Bias  Current 

±70 

±600 

±85 

±750 

PA 

Average  Temperature  Coefficient  of 
Input  Bias  Current 

0.5 

5 

0.6  6 

pA/°C 

avol 

Large  Signal  Voltage  Gain 

V0UT=  ±12V,RL>10kt! 
V0UT=  ±10VlRL>2ka 

300 

1700 
700 

300 

1700 
700 

V/mV 
V/mV 

CMRR 

Common  Mode  Rejection  Ratio 

VCM=±13.5V 

108 

127 

108 

127 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs=  ±  1.5V  to  ±20V 

108 

127 

108 

127 

dB 

Input  Voltage  Range 

±13.5 

±14.0 

±13.5 

±14.0 

V 

Vout 

Output  Voltage  Swing 

RL=10kfi 

±13 

±13.6 

±13 

±13.6 

V 

Is 

Supply  Current 

400 

800 

400 

800 

„A 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Differential  input  voltages  greater  than  1V  will  cause  excessive  cur- 
rent to  flow  through  the  input  protection  diodes  unless  limiting  resistance 
is  used. 

Note  2:  This  parameter  is  guaranteed  by  design  and  is  not  tested. 


Note  3:  Power  supply  rejection  ratio  is  measured  at  the  minimum  supply 
voltage. 

Note  4:  This  parameter  is  not  100%  tested. 

Note  5:  The  LT1097  is  not  tested  and  is  not  quality-assurance-sampled  at 
-  40°C  and  at  85°C.  These  specifications  are  guaranteed  by  design,  corre- 
lation and/or  inference  from  0°C,  25°C  and/or  70°C  tests. 
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LT1097 


TYPICni  P€RFOnmnnC€  CHRRftCT€RISTICS 

Distribution  of  Offset  Voltage  Drift 

with  Temperature  input  Bias  Current  vs  Temperature 


Minimum  Supply  Voltage, 
Common  Mode  Range  and 
Voltage  Swing  at  Vmin 


-0.3  0  0.3  0.6  0.9  1.2  1.5 
E  DRIFT  WITH  TEMPERATURE  (,V/°C| 


Warm-Up  Drift 


=  ±  15V 

=  25°C 


DUAL-IN-LINE  PACKAGE 
PLASTIC  (N)  OR  SO  (S) 


0  12  3  4 

TIME  AFTER  POWER  ON  (MINUTES) 


Input  Bias  Current  Over  Common 
Mode  Range 


VS=±15V 
TA  =  25°C 


DEVICE  WITH  POSITIVE  INPUT  CURRENT 


R|N  CM='0,!!1 


DEVICE  WITH  NEGATIVE  INPUT  CURRENT 


-15     -10      -5       0         5        10  15 
COMMON-MODE  INPUT  VOLTAGE 


Output  Short  Circuit  Current  vs 
Time 


— — 

— v< 

=  ±15V 

Ta=25 

C  

0  12  3 

TIME  FROM  OUTPUT  SHORT  (MINUTES) 


0.1Hz  tolOHz  Noise 


0.01Hzto10Hz  Noise 


vs= 

±  1.2V  TO 
25°C 

±20V 

Ta= 

Noise  Spectrum 


±  1.2VTC 
25°C 

±20V- 

— vs= 

Ta  = 

TIME (SECONDS) 


40  60 
TIME  (SECONDS! 


10  100 
FREQUENCY  (Hz) 
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TVPICfiL  P€RFORmnnC€  CHRRRCTCRISTICS 


Voltage  Gain  Voltage  Gain  vs  Frequency  Gain,  Phase  Shift  vs  Frequency 


OUTPUT  VOLTAGE  (V)  FREQUENCY  (Hz)  FREQUENCY  (MHz) 


Slew  Rate,  Gain  Bandwidth 

Common  Mode  Rejection  vs  Power  Supply  Rejection  vs  Product  vs  Over-Compensation 

Frequency  Frequency  Capacitor 


1        10      100       1k      10k     100k      1M  0.1      1       10     100     1k     10k    100k    1M      '      1  10  100         1000  10.000 


FREQUENCY  (Hz)  FREQUENCY  (Hz)  OVER-COMPENSATION  CAPACITOR  (pF) 


Small  Signal  Transient  Response  Large  Signal  Transient  Response  Capacitive  Load  Handling 


10  100  1000  10.000 

CAPACITIVE  LOAD  (pF) 
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AppucnTions  inFORmnnon 

The  LT1097  is  pin  compatible  to,  and  directly  replaces  such 
precision  op  amps  as  the  OP-07,  OP-77,  AD707,  OP-97, 
OP-177,  LM607,  and  LT1001  with  improved  price/perfor- 
mance. Compatibility  includes  externally  nulling  the  offset 
voltage,  as  all  of  the  above  devices  are  trimmed  with  a  po- 
tentiometer between  pins  1  and  8  and  the  wiper  tied  to  V + . 

The  simple  difference  amplifier  can  be  used  to  illustrate 
the  all-around  excellence  of  the  LT1097.  The  50k  input  re- 
sistance is  selected  to  be  large  enough  compared  to  input 
signal  source  resistances.  Simultaneously,  the  50k  resis- 
tors should  not  dominate  the  precision  and  noise  error 


±  27V  Common  Mode  Range  Difference  Amplifier 


Frequency  Compensation  and  Optional  Offset  Nulling 


budget.  Assuming  perfect  matching  between  the  four  re- 
sistors, the  following  table  summarizes  the  input  referred 
performance  obtained  using  the  LT1097  and  other  popular, 
low-cost  precision  op  amps. 

Input  offset  voltage  can  be  adjusted  over  a  ±  600/iV  range 
with  a  10k  potentiometer. 

The  LT1097  is  internally  compensated  for  unity  gain  sta- 
bility. As  shown  on  the  Capacitive  Load  Handling  plot,  the 
LT1097  is  stable  with  any  capacitive  load.  However,  the 
overcompensation  capacitor,  Cs,  can  be  used  to  reduce 
overshoot  with  heavy  capacitive  loads,  to  narrow  noise 
bandwidth,  or  to  stabilize  circuits  with  gain  in  the  feed- 
back loop. 


Guaranteed  Performance,  V$  =  ±  15V,  Ta  =  25°C 


PARAMETER/UNITS 

LT1097CN8 

0P-77GP 

AD707JN 

OP-177GP 

OP-97FP 

Error  Terms  in /tV 

Vos  Max 

50 

100 

90 

60 

75 

losMaxx25k 

6 

70 

50 

70 

4 

Gain  Min,  10V  Out 

14 

5 

3 

5 

50 

CMRR,  Min,  ±  25V  In 

22 

20 

13 

22 

39 

PSRR,Min,Vs  =  ±  15V  ±10% 

6 

9 

9 

9 

9 

Sum  ol  All  Error  Terms,  ft 

98 

204 

165 

166 

177 

0.1  Hz  to  10Hz  Noise,  ^Vp-p  Typ 

Voltage  Noise 

0.50 

0.38 

0.23 

0.38 

0.50 

Current  Noise  x  50k 

0.11 

0.75 

0.70 

0.75 

0.10 

Resistor  Noise 

0.55 

0.55 

0.55 

0.55 

0.55 

RMSSum^Vp-p 

0.75 

1.00 

0.92 

1.00 

0.75 

Drift  with  Temp,  ^V/°C 

TCVosMax 

1.0 

1.2 

1.0 

1.2 

2.0 

TCI0sMaxx25k 

0.1 

2.1 

1.0 

2.1 

0.2 

Sum  of  Drift  Terms  nV7°C 

1.1 

3.3 

2.0 

3.3 

2.2 

Supply  Current  Max,  mA 

0.56 

2.0 

3.0 

2.0 

0.60 

Price,  1000  s,  $ 

0.97 

SIMILAR  OR  HIGHER 

HIGHER 
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APPLICATION  IflFOAmATIOn 

The  availability  of  the  compensation  terminal  permits  the 
use  of  feedforward  frequency  compensation  to  enhance 
slew  rate.  The  voltage  follower  feedforward  scheme 
bypasses  the  amplifier's  gain  stages  and  slews  at  nearly 
lOV/^s. 

The  inputs  of  the  LT1097  are  protected  with  back-to-back 
diodes.  In  the  voltage  follower  configuration,  when  the  in- 
put is  driven  by  a  fast,  large  signal  pulse  (>1V),  the  input 


protection  diodes  effectively  short  the  output  to  the  input 
during  slewing,  and  a  current,  limited  only  by  the  output 
short  circuit  protection  will  flow  through  the  diodes. 

The  use  of  a  feedback  resistor,  as  shown  in  the  voltage 
follower  feedforward  diagram,  is  recommended  because 
this  resistor  keeps  the  current  below  the  short  circuit  limit, 
resulting  in  faster  recovery  and  settling  of  the  output. 


Follower  Feedforward  Compensation 

50pF 


Pulse  Response  of  Feedforward 
Compensation 

■HHH 


Test  Circuit  for  Offset  Voltage 
and  its  Drift  with  Temperature 


V0  =  1000V0 


•RESISTORS  MUST  HAVE  LOW  THERMOELECTRIC 
POTENTIAL 


TYPICAL  APPLICATION 


Low  Power  Comparator  with  <  1 0fiV  Hysteresis 


1000V  TO  1V  FULL  SCALE 

 ►  ANALOG  TO  DIGITAL 

CONVERTER 


RATIO  MATCH  ±0.01% 


FN507 

ALLEN  SRADLEY 
DECADE  VOLTAGE  DIVIDER 


THIS  APPLICATION  REQUIRES  LOW  BIAS  CUR- 
RENT AND  OFFSET  VOLTAGE,  LOW  NOISE,  AND 
LOW  DRIFT  WITH  TIME  AND  TEMPERATURE, 


LT1097 


F€flTUR€S 

■  Voltage  Noise  1.2nV/VRz  Max  at  1  kHz 

0.9nV/VflzTypat1kHz 

■  Voltage  and  Current  Noise  100%  Tested 

■  Gain-Bandwidth  Product  40MHz  Min 

■  Slew  Rate  lOV/^sMin 

■  Voltage  Gain  2  Million  Min 

■  LowTHD@10kHz,Av=  -10,  RL  =  600Q,  0.002% 

Vo  =  7Vrms 

■  Low  IMD.CCIF  Method,  Ay  =+ 10,  RL  =  6000,  0.0002% 

Vo  =  7Vrms 

rppucrtiors 

■  High  Quality  Audio  Preamplifiers 

■  Low  Noise  Microphone  Preamplifiers 

■  Very  Low  Noise  Instrumentation  Amplifiers 

■  Low  Noise  Frequency  Synthesizers 

■  Infrared  Detector  Amplifiers 

■  Hydrophone  Amplifiers 

■  Low  Distortion  Oscillators 


LT1115 


Ultra-Low  Noise, 
Low  Distortion,  Audio  Op  Amp 

DCSCRIPTIOn 

The  LT1 1 15  is  the  lowest  noise  audio  operational  amplifier 
available.  This  ultra-low  noise  performance  (0.9nV/VRz 
@  1  kHz)  is  combined  with  high  slew  rates  (>15V//xs)  and 
very  low  distortion  specifications. 

The  RIAA  circuit  shown  below  using  the  LT1115  has  very 
low  distortion  and  little  deviation  from  ideal  RIAA  re- 
sponse (see  graph). 


TVPICRIRPPUCRTIOR 


RIAA  Phonograph  Preamplifier  (40/60db  Gain)  Measured  Deviation  from  RIAA 

Response.  lnput@1kHz  =  1mVRMS 
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rbsolutc  mnximum  rrtirgs  prckrgc/orixr  mFonmnnon 


Supply  Voltage   ±22V 

Differential  Input  Current  (Note  4)  ±  25mA 

Input  Voltage  Equal  to  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°Cto  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


€l€CTRICfll  CHRRRCTCRISTICS  V$=  ±18V,  Ta  =  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1115C 
TYP 

MAX 

UNITS 

THD 

Total  Harmonic  Distortion®  10kHz 

AV=-10IV0  =  7VRMS,  RL  =  600 

<  0.002 

% 

IMD 

Inter-Modulation  Distortion  (CCIF) 

Av  =  10,Vo  =  7VRMS,RL  =  600 

<  0.0002 

% 

Vos 

Input  Offset  Voltage 

(Notel) 

50 

200 

„V 

los 

Input  Offset  Current 

VCM  =  0V 

30 

200 

nA 

l« 

Input  Bias  Current 

VCM  =  0V 

±50 

±380 

nA 

e„ 

Input  Noise  Voltage  Density 

fo=10Hz 

f„  =  1000Hz,  100%  tested 

1.0 
0.9 

1.2 

nV/VRz 
nV/v'Hz 

Wideband  Noise 

DC  to  20kHz 

120 

nVRMS 

Corresponding  Voltage  Level 
re  0.775V 

-136 

dB 

in 

Input  Noise  Current  Density 
(Note  2) 

fo  =  10Hz 

f0  =  1000Hz,  100%  tested 

4.7 
1.2 

2.2 

pA/VRz 
pA/VHz 

Input  Resistance 
Common-Mode 
Differential  Mode 

250 
15 

MB 
kfl 

Input  Capacitance 

5 

pF 

Input  Voltage  Range 

±13.5 

+  15.0 

V 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM=±  13.5V 

104 

123 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs=  ±4Vto  ±  19V 

104 

126 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL>2k!),V„=±  14.5V 
RL>1k[),V0=  ±13V 
RL>600f!,Vo=  ±  10V 

2.0 
1.5 
1.0 

20 
15 
10 

VfrV 
V/,iV 

Voi)T 

Maximum  Output  Voltage 
Swing 

No  Load 
RL>2kfi 
RL>600!2 

±15.5 
+  14.5 
±11.0 

±16.5 
+  15.5 
±14.5 

V 
V 
V 

SR 

Slew  Rate 

Avcl  =  - 1 

10 

15 

VVs 

GBW 

Gain-Bandwidth  Product 

f0  =  20kHz  (Note  3) 

40 

70 

MHz 

4 

Open  Loop  Output  Impedance 

Vo  =  0,  lo  =  0 

70 

a 

Is 

Supply  Current 

8.5 

11.5 

mA 

TOP  VIEW 

ORDER 

E 
C 

Jv 

]  OUT 

-lOVER- 

JCOMP 

PART  NUMBER 

ft 
v- 

n 

LT1115CN8 

N  PACKAGE 
B-LEAO  PlASTtC  Dl 

TOP  VIEW 

LT1115CS 

uc  fT 
uc  [? 

TRIM  Q 

-jug 

+  IN  \S 
NC  [? 

-D  HC 

l|]  NC 

■«* 

Tf]  OUTPUT 
TJ  OVEBCOMP 
lOj  NC 

H NC 

S  PACKAGE 
16-LEAO  PLASTIC  SOL 
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€l€CTRICAl  CHRRACTCRISTICS  vs=  ±i8v,o 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1115C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

U*UlG  IJ 

75 

280 

«v 

AV0S/AT 

Average  Input  Offset  Drift 

0.5 

nV/°C 

los 

Input  Offset  Current 

VCM  =  0V 

• 

40 

300 

nA 

Ib 

Input  Bias  Current 

Vcm  =  0V 

• 

±70 

±550 

nA 

Input  Voltage  Range 

• 

±13 

±14.8 

V 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM=±13V 

• 

100 

120 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs=±4.5Vto±18V 

• 

100 

123 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL>2k!!,V0=  ±13V 
RL>1k(!,V0  =  ±11V 

• 

1.5 
1.0 

15 
10 

V/„V 
VfcV 

VflUT 

Maximum  Output  Voltage 
Swing 

No  Load 
RL>2kfl 
RL>600Q 

• 

±15 

±13.8 

±10 

±16.3 
±15.3 
±14.3 

V 
V 
V 

Is 

Supply  Current 

• 

9.3 

13 

mA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  tem- 
perature range. 

Note  1:  Input  Offset  Voltage  measurements  are  performed  by  automatic 
test  equipment  approximately  0.5  sec.  after  application  of  power. 
Note  2:  Current  noise  is  defined  and  measured  with  balanced  source  resis- 
tors. The  resultant  voltage  noise  (after  subtracting  the  resistor  noise  on  an 
RMS  basis)  is  divided  by  the  sum  of  the  two  source  resistors  to  obtain  cur- 
rent noise. 


Note  3:  Gain-bandwidth  product  is  not  tested.  It  is  guaranteed  by  design 
and  by  inference  from  the  slew  rate  measurement. 
Note  4:  The  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input  volt- 
age exceeds  ±  1 .8V,  the  input  current  should  be  limited  to  25mA. 
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typical  P€RFonmnnc€  cHnnnaeRisTics 


THD  +  Noise  vs  Frequency 
(AV=  -10} 


THD  + Noise  vs  Frequency 
(Ay  =-100) 


100  fi 

FREQUENCY (Hz) 


:AV=-100 
:rl=600 

V|N  =  200mVp-pl70m«BMS) 
VOUT=20Vp-p  (7VRMS) 

'  TA  =  25°C 

.  Vs=  ±18V 


100  1k 

FREQUENCY (Hz) 


THD  + Noise  vs  Frequency 
(Av=  -1000) 


100  1k 

FREQUENCY (Hz) 


THD  + Noise  vs  Frequency 
{Av=  +10) 


r    1  1— i-i-nm  

A  j.m 

— ' 
-RL  =  600 

i 

out  =  20Vp-P(7Vbms)  " 
.  =  25°C 

-\ 
1 

vs= 

±  H 

V 

— 

i 

THD  +  Noise  vs  Frequency 
(Av=  +100) 


THD  + Noise  vs  Frequency 
(Av=  +1000) 


100  1k 

FREQUENCY (Hz) 


100  Ik 
FREQUENCY (Hz) 


FREQUENCY  (Hz) 


LT1115 


TVPICfil  PCRFonmnncc 


Total  Noise  vs  Unmatched  Source 
Resistance 


Current  Noise  Spectrum 


1      3      10     30    100   300    1k     3k  10k 
UNMATCHED  SOURCE  RESISTANCE,  Rs,  (Q) 


100  1k 
FREQUENCY  (Hz) 


Voltage  Noise  vs  Temperature 


vs= 

t18V 

AT  10Hz 

AT  1kHz 

15         30  45 
TEMPERATURE (°C) 


Voltage  Noise  vs  Supply  Voltage 


TA=25"C 

AT  1kHz 

Supply  Current  vs  Temperature 


0  ±5  ±10  ±15 

SUPPLY  VOLTAGE  (V) 


Output  Short  Circuit  Current  vs  Time 


15         30         45  60 
TEMPERATURE  CC) 


50 

40 

< 

RCIN 

30 

SOL 

20 

10 

CJ 

0 

r5 

-10 

o 

CD 

-20 

o 

IE 

-30 

-40 

-50 

Vs  = 

±18V 

25°C 

25°C 

0  12  3 

TIME  FROM  OUTPUT  SHORT  TO  GROUND  (MINUTES) 
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Voltage  Gain  vs  Load  Resistance 


Capacitance  Load  Handling 


0.1  1 

LOAD  RESISTANCE  (kfi) 


Common-Mode  Limit  Over 
Temperature 


|E  +3 
°=  +2 


100  1000  10.000 

(STIVE  LOAD.  CL,  (pF) 


-ys=±5V- 


~VS=±18V 


_\/s=±5VTO  ±18V_ 


30  45  60 
TEMPERATURE  (°C) 


Common-Mode  Rejection  Ratio 
vs  Frequency 


140 
i  120 

100 
>  80 

i  60 

!  40 
I  20 
0 


VS=±18V 
TA=25°C 

Power  Supply  Rejection  Ratio 
vs  Frequency 
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S  »0 
o 

§  120 

§  100 
o 

a  so 

S  60 
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£  40 
$ 

S  20 


Hs=  ±18V 
T4  =  25°C 

s 

N 
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PPLY 
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PO 
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V s 

s 

Large  Signal  Transient  Response 


WDIVISION 
Av=  -  1 .  Rs=R,=  2k.  C(=30pF 


1k  10k  100k 
FREQUENCY (Hz) 


10    100    1k    10k  100k   1M  10M 
FREQUENCY  (Hz) 


Small  Signal  Transient  Response 


■' 

r 



1  " 

P ': 

0.2/I5/DIVISI0N 

Ay=-1,  Rs  =  R,=  2kn 
C,=30pF.  CL=80pF 


Maximum  Output  vs  Frequency 
(Power  Bandwidth*) 


£  25 

0  20 

1  " 
%  10 


'POWER  BANDWIDTH 
SLEW  RATE 
ttEop 

lp=  POWER  BANDWIDTH 
Ep  p  =  PEAK-TO-PEAK  AMPLIFIERS- 
OUTPUT  VOLTAGE 


100k  1M 
FREQUENCY  (Hz) 


Closed  Loop  Output  Impedance 


lo  =  1mA 

VS=±18V 

TA=25°C 

 Av 

=  1000-i 

5  jf 

-Ay=  + 

1k  10k 
FREQUENCY  (Hz) 
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TYPICAL  P€RFORmnnC€  CHRRRCT6RISTICS 


CCIF  Testing 

Note:  The  CCIF  twin-tone  intermodulation  test  inputs  two 
closely  spaced  equal  amplitude  tones  to  the  device  under 
test  (DUT).  The  analyzer  then  measures  the  intermodulation 
distortion  (IMD)  produced  in  the  DUT  by  measuring  the  differ- 
ence tone  equal  to  the  spacing  between  the  tones. 

The  amplitude  of  the  IMD  test  input  is  in  sinewave  peak 
equivalent  terms.  As  an  example,  selecting  an  amplitude  of 
1.000V  will  result  in  the  complex  IMD  signal  having  the  same 
2.828V  peak-to-peak  amplitude  that  a  1.000V  sinewave  has. 
Clipping  in  a  DUT  will  thus  occur  at  the  same  input  amplitude 
forTHD  +  N  and  IMD  modes. 


APPLICATION  INFORfflRTIOR  —  ROIS€ 


Voltage  Noise  vs  Current  Noise 

The  LT1115's  less  than  1nV/VHz  voltage  noise  matches 
that  of  the  LT1028  and  is  three  times  better  than  the  low- 
est voltage  noise  heretofore  available  (on  the  LT1007/ 
1037).  A  necessary  condition  for  such  low  voltage  noise  is 
operating  the  input  transistors  at  nearly  1mA  of  collector 
currents,  because  voltage  noise  is  inversely  proportional 
to  the  square  root  of  the  collector  current.  Current  noise, 
however,  is  directly  proportional  to  the  square  root  of  the 
collector  current.  Consequently,  the  LT1115's  current 
noise  is  significantly  higher  than  on  most  monolithic  op 
amps. 

Therefore,  to  realize  truly  low  noise  performance  it  is  im- 
portant to  understand  the  interaction  between  voltage 
noise  (en),  current  noise  (in)  and  resistor  noise  (rn). 

Total  Noise  vs  Source  Resistance 

The  total  input  referred  noise  of  an  op  amp  is  given  by 

et=[en2+  rn2  +  (inReq)2!1'2 

where  Req  is  the  total  equivalent  source  resistance  at  the 
two  inputs 

and  rn  =  V4kTReq=0.13VR^q  in  nV/Vflzat  25°C 
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As  a  numerical  example,  consider  the  total  noise  at  1kHz 
of  the  gain  of  1000  amplifier  shown  below. 

100!!  100k 


Req  =  1 0Oil  + 1 00fl  I1 1 00k  «  200£2 
rn  =  0.13V200=1.84nV/Vflz 
en  =  0.85nV/Vflz 
in  =  1.0pA/VRz 

et = [0.852  + 1 .842 + (1.0  x  0.2)2]1'2= 2.04n  V/Vfiz 
output  noise  =  1 000  et = 2.0 VV/VRz 

At  very  low  source  resistance  (Req<40G)  voltage  noise 
dominates.  As  Req  is  increased  resistor  noise  becomes 
the  largest  term— as  in  the  example  above— and  the 
LT1115's  voltage  noise  becomes  negligible.  As  Req  is  fur- 
ther increased,  current  noise  becomes  important.  At  1kHz, 
when  R^  is  in  excess  of  20kQ,  the  current  noise  compo- 
nent is  larger  than  the  resistor  noise.  The  total  noise  ver- 
sus matched  source  resistance  plot  illustrates  the  above 
calculations. 


LT1115 


application  inFORmnnon —noise 


The  plot  also  shows  that  current  noise  is  more  dominant 
at  low  frequencies,  such  as  10Hz.  This  is  because  resistor 
noise  is  flat  with  frequency,  while  the  1/f  corner  of  current 
noise  is  typically  at  250Hz.  At  10Hz  when  Req>1kQ,  the 
current  noise  term  will  exceed  the  resistor  noise. 

When  the  source  resistance  is  unmatched,  the  total  noise 
versus  unmatched  source  resistance  plot  should  be  con- 
sulted. Note  that  total  noise  is  lower  at  source  resistances 
below  1kfi  because  the  resistor  noise  contribution  is  less. 
When  Rs>1kfi  total  noise  is  not  improved,  however.  This 
is  because  bias  current  cancellation  is  used  to  reduce  in- 
put bias  current.  The  cancellation  circuitry  injects  two 
correlated  current  noise  components  into  the  two  inputs. 
With  matched  source  resistors  the  injected  current  noise 
creates  a  common-mode  voltage  noise  and  gets  rejected 
by  the  amplifier.  With  source  resistance  in  one  input  only, 
the  cancellation  noise  is  added  to  the  amplifier's  inherent 
noise. 


In  summary,  the  LT1115  is  the  optimum  amplifier  for  noise 
performance-provided  that  the  source  resistance  is  kept 
low.  The  following  table  depicts  which  op  amp  manufac- 
tured by  Linear  Technology  should  be  used  to  minimize 
noise-as  the  source  resistance  is  increased  beyond  the 
LT1115's  level  of  usefulness. 


Best  Op  Amp  for  Lowest  Total  Noise 
vs  Source  Resistance 


SOURCE  RESISTANCE 

(Notel) 

BEST  OP  AMP 
ATLOWFREQ  (10Hz)     WIDEBAND  (1kHz) 

0to400Q 

LT1028/1115 

LT1028/1115 

4008to4k8 

LT1007/1037 

LT1028/1115 

4kt!  to  40kS2 

LT1001* 

LT1 007/1 037 

40kt!to500kQ 

LT1012' 

LT1001* 

500kfito5M!! 

LT1012*orLT1055 

LT1012' 

>5M 

LT1055 

LT1055 

Note  1:  Source  resistance  is  defined  as  matched  or  unmatched,  e.g., 
Rs  =  1kO  means:  1kB  at  each  input,  or  1kn  at  one  input  and  zero  at  the  other. 
*  These  op  amps  are  best  utilized  in  applications  requiring  less  bandwidth 
than  audio. 


APPUCATIOAS  INFORflftATIOn  — G€ft€RRl 


The  LT1115  is  a  very  high  performance  op  amp,  but  not 
necessarily  one  which  is  optimized  for  universal  applica- 
tion. Because  of  very  low  voltage  noise  and  the  resulting 
high  gain-bandwidth  product,  the  device  is  most  applica- 
ble to  relatively  high  gain  applications.  Thus,  while  the 
LT1115  will  provide  notably  superior  performance  to  the 
5534  in  most  applications,  the  device  may  require  circuit 
modifications  to  be  used  at  very  low  noise  gains. 


The  part  is  not  generally  applicable  for  unity  gain  follow- 
ers or  inverters.  In  general,  it  should  always  be  used  with 
good  low  impedance  bypass  capacitors  on  the  supplies, 
low  impedance  feedback  values,  and  minimal  capacitive 
loading.  Ground  plane  construction  is  recommended,  as  is 
a  compact  layout. 


TVPICRLRPPUCRTIOnS 

Figure  1.  Balanced  Transformerless  Microphone  Preamp 


R1 

1k,  0.1% 


NOTE:  MATCH  RESISTOR  P 
 Tn   ,  n  id/. 


THD  + Noise  vs  Frequency 
(Figure  1) 


TS  =  25°C 
RL  =  100kS! 
VIN  =  10mVBMS 
Vout  =  2-92Vrms_ 
Rs=150S3 


FREQUENCY (Hz) 
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TVPICAl  APPLICATION 

Figure  2.  Low  Noise  DC  Accurate  x  10  Buffered  Line  Amplifier 


+  18V' 
-18V. 


RESISTORS  1%  METAL  FILM 
CAPACITORS—BYPASS:  LOW  ESR 
OTHER:  POLYESTER  OR  OTHER 
HIGH  QUALITY  FILM. 
OR  USE  2mA  CURRENT  SOURCE. 


THD  + Noise  vs  Frequency 
(Figure  2) 


FREQUENCY (Hz) 


CCIF IMD  Test  (Twin  Tones  at  1 3 
and  14kHz)  (Figure  3) 


NOTE  1:  USE  SINGLE  POINT  GROUND. 
NOTE  2:  USE  >470PF  CAPACITORS  AT  EACH 
INCOMING  SUPPLY  TERMINAL  (I.E.  AT  BOARD  EDGE). 


NOTE  3:  FOR  BETTER  NOISE  PERFORMANCE  AT 
SLIGHTLY  LESS  DRIVE  CAPABILITY:  R1  =438, 
R2  =  392fl,  DELETE  C1. 


Figure  3.  RIAA  Moving  Coil  "Pre-Pre"  Amplifier 
( + 40/+ 30dB  Gain  Low  Noise  Servo'd  Amplifier) 

100pF 


GAIN:  4CWB 
30dB 


47'iO 

OUTPUT 

RIAA 
J7  STAGE 


0.1  1 

OUTPUT  AMPLITUDE  (VRMS) 

Noise  vs  Frequency  (Figure  3) 


V 

100V 


-10H1F   RESISTORS  1  %  METAL  FILM 
"TT35V     CAPACITORS-BYPASS:  LOW  ESR 
OTHER:  HIGH  QUALITY  FILM 

NOTE1:  USE  SINGLE  POINT 
GROUNDING  TECHNIQUES 


100  Ik 

FREQUENCY (Hz) 


NOTE:  NOISE  AT  1kHz  REFERRED  TO  INPUT  -2nV 
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TYPICAL  APPUCflTIOnS 

Figure  4. 


i  RIAA  Phonograph  Pre-Amp 


RESISTORS  1  %  METAL  FILM 
CAPACITORS— BYPASS:  LOW  ESR 
OTHER:  HIGH  QUALITY  FILM 

NOTE  1:  1kHz  GAIN  =  53dB 
NOTE  2:  IN  RIAA  NETWORK  VALUES  SHOWN 
ARE  MEASURED  AND  PRODUCE  THE 
"DEVIATION  FROM  RIAA"  GRAPH  SHOWN. 
THE  CALCULATED  EXACT  VALUES  ARE: 
R1-6249C  C1-0.16VF 
R2-5040  C2-0.47,F 


Deviation  from  RIAA  Response  TH  D  +  Noise  vs  Frequency 

input  @  1kHz = 232,<  Vrms  Input  @  1  kHz = 232,.  VRMs 

Pre-Emphasized  (Figure  4)  Pre-Emphasized  (Figure  4) 
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T  VPICfiL  RPPLICRTIOnS 

Figure  5.  High  Performance  Transformer  Coupled  Microphone  Pre-Amp 


RESISTORS  1%  METAL  FILM 
CAPACITORS— BYPASS:  LOW  ESR 
OTHER:  HIGH  QUALITY  FILM 
NOTE:  USE  SINGLE  POINT  GROUND 


•JENSEN  NETWORK  VALUES— FACTORY  SELECTED. 

JE-16-A/B  &  JE-11-BM  AVAILABLE  FROM: 
JENSEN  TRANSFORMERS 
10735  8URBANK  BLVD 
N.  HOLLYWOOD,  CA  91601 
(213)  876-0059 

•OR  USE  2mA  CURRENT  SOURCE 


Risetime  of  High  Performance 
Transformer  Coupled  Microphone 
Pre-Amp  (Figure  5) 


RISETIME  OF  PRE-AMP 

Av=20dB 

Vffl=400mV, 

2kHz  SQUARE  WAVE  MEASURED  AT  SINGLE 
ENDED  OUTPUT  BEFORE  TRANSFORMER 


THD  + Noise  vs  Frequency 
(Gain  =  20dB)  Balanced  In/ 
Balanced  Out  (Figure  5) 


°  0.001 


Frequency  Response 
(Gain  =  20dB)  Balanced  In/ 
Balanced  Out  (Figure  5) 


1.0000 

o.o  K 


-1.000 


-2.000 


5  -3.000 
I  -4.000 
-5.000 


100  1k 

FREQUENCY (Hz) 


VS=±18V 
V|N=0.95V„MS 
RL  =  600!! 
Rs=150n 
T.=25»C 


100  1k  10k 

FREQUENCY  (Hz) 
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TVPICflL  flPPUCRTIOnS 

Figure  6.  Ultra  Low  THD  Oscillator  (Sine  Wave)  (<5ppm  Distortion) 


RBoost=«-M 


20Vp-p  OUTPUT 


1 


2rRC 
WHERE  R1C1  =R2C2 
MEASURED  WITH 
R1=R2  =  1.5k 


<5ppm  DISTORTION  AND  NOISE 
@1kH2.  20Vp-p  INTO  1001! 
MEASUREMENT  LIMITED  BY  RESOLUTION 
OF  AUDIO  PRECISION  TEST  SYSTEM. 

ALL  BYPASS  CAPACITORS:  LOW  ESR 
FILM  CAPACITORS  =  ASC  TYPE  315 


- 


rrwm 
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FCRTUR6S 

■  100%  Tested  Low  Voltage  Noise 

■  Slew  Rate 

■  Gain  Bandwidth  Product 

■  Offset  Voltage,  Prime  Grade 

Low  Grade 

■  High  Voltage  Gain 

■  Supply  Current  Per  Amplifier 

■  Common  Mode  Rejection 

■  Power  Supply  Rejection 

■  Available  in  8-Pin  SO  Package 

nppucmions 


LOGY         Dual/Quad  Low  Noise, 
High  Speed  Precision  Op  Amps 

DCSCRIPTIOn 


2.7nV/VHz  Typ 
4.2nWVHz  Max 
4.5V/u.s  Typ 
12.5MHz  Typ 
70u.V  Max 
100p.V  Max 
5  Million  Min 
2.75mA  Max 
112dB  Min 
116dBMin 


Two  and  Three  Op  Amp  Instrumentation  Amplifiers 
Low  Noise  Signal  Processing 
Active  Filters 

Microvolt  Accuracy  Threshold  Detection 

Strain  Gauge  Amplifiers 

Direct  Coupled  Audio  Gain  Stages 

Tape  Head  Preamplifiers 

Infrared  Detectors 


The  LT1 1 24  dual  and  LT1 1 25  quad  are  high  performance 
op  amps  that  offer  higher  gain,  slew  rate,  and  bandwidth 
than  the  industry  standard  OP-27  and  competing  OP-270/ 
OP-470  op  amps.  In  addition,  the  LT1 1 24/LT1 1 25  have 
lower  Ib  and  Iqs  tnan  tne  OP-27;  lower  Vos  and  noise 
than  the  OP-270/OP-470. 

In  the  design,  processing,  and  testing  of  the  device, 
particular  attention  has  been  paid  to  the  optimization  of  the 
entire  distribution  of  several  key  parameters.  Slew  rate, 
gain  bandwidth,  and  1  kHz  noise  are  1 00%  tested  for  each 
individual  amplifier.  Consequently,  the  specifications  of 
even  the  lowest  cost  grades  (the  LT1124C  and  the 
LT1125C)  have  been  spectacularly  improved  compared 
to  equivalent  grades  of  competing  amplifiers. 

Power  consumption  of  the  LT1124  is  one  half  of  two 
OP-27s.  Low  power  and  high  performance  in  an  8-pin  SO 
package  makethe  LT1 1 24  afirstchoiceforsurface  mounted 
systems  and  where  board  space  is  restricted. 

For  a  decompensated  version  of  these  devices,  with  three 
times  higher  slew  rate  and  bandwidth,  please  see  the 
LT1 1 26/LT1 1 27  data  sheet. 


Protected  by  U.S.  patents  4,775,884  and  4,837,496. 


Instrumentation  Amplifier  with  Shield  Driver 


30k 


Input  Offset  Voltage  Distribution 
(All  Packages,  LT1124  and  LT1125) 


■  OUTPUT 


GAIN  =  30  (1  +  Rf/Rg)  -1000 
POWER  BW  =  170kHz 
SMALL  SIGNAL  BW  =  400kHz 

NOISE  =  3.8nV/VRz  AT  OUTPUT 
VOS  =  35nV 


~l  1- 

VS=±15V 
Tft  =  25-C 


1_ 


 1— 

758  DUALS 
-  _200  QUADS  . 
2316  UNITS 
TESTED . 


-20  20 


60  100 


INPUT  OFFSET  VOLTAGE  ((iV) 

LTt  ,24  -  TA02 
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LT1124/LT1125 


imsolutc  mnximum  rrtirgs 


Supply  Voltage  ±22V 

Input  Votf&ges  Equal  to  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Current  (Mote  5)  ±25mA 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


Operating  Temperature  Range 
LT1124AM/LT1124M 

LT1125AM/LT1125M  -55°C  to  125°C 

LT1124AC/LT1124C 

LT1125AC/LT1125C  -40°C  to  85°C 

Storage  Temperature  Range 
All  Grades  -65°C  to150°C 


PRCKRG€/ORD€R  IflFOftmflTIOfl 


 T]  -IN  A 

>     3  °UT  A 

\^    H  v* 

•—  J]  OUTB 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

NOTE:  THIS  PIN  CONFIGURATION  DIFFERS  FROM  THE 
8-PIN  DIP  CONFIGURATION.  INSTEAD,  IT  FOLLOWS 
THE  INDUSTRY  STANDARD  LT1013DS8  SO  PACKAGE 
PIN  LOCATIONS 


ORDER  PART 
NUMBER 


LT1124CS8 


PART  MARKING 


1124 


OUT  A  fT 
-IN  A  [7 
♦IN  A  [7 
V"  [7 


TOP  VIEW 
— <3> — 


!TJ  v* 
TJ  OUT  B 
TJ  -IN  B 
TJ  +IN  B 


J8  PACKAGE  N8  PACKAGE 

8-LEAD  CERAMIC  DIP    8-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 

LT1124AMJ8 

LT1124MJ8 

LT1124CJ8 

LT1124ACN8 

LT1124CN8 


TOP  VIEW 


OUT  A  |_L 

-IN  A  U 
♦IN  A  E 

v+  LI 

♦INB  E 
-INB  U 
OUTB  E 

NC  nr 


1>][<t 


k\  OUTD 
15]  -IND 
u\  +IND 
13]  V" 

!12]  +INC 
Tj]  -INC 
10]  OUTC 
J]  NC 


LT1125CS 


S  PACKAGE 
16-LEADPUSTIC  SOL 


J  PACKAGE  N  PACKAGE 

14-LEAD  CERAMIC  DIP  14-LEAD  PUSTIC  DIP 


LT1125AMJ 

LT1125MJ 

LT1125CJ 

LT1125ACN 

LT1125CN 


€L€CTRICRL  CHRRRCTCRISTICS  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


LT1124AM/AC 

LT1124M/C 

LT1 125  AM/AC 

LT1125M/C 

SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1124 

20 

70 

25 

100 

nv 

LT1125 

25 

90 

30 

140 

uV 

AVqs 

Long  Term  Input  Offset 

0.3 

0.3 

LiV/Mo 

ATime 

Voltage  Stability 

■os 

Input  Offset  Current 

LT1124 

5 

15 

6 

20 

nA 

LT1125 

6 

20 

7 

30 

nA 

LT1124/LT1125 


€l€CTRICRl.  CHRRRCT€RISTICS  VS  =  ±15V,TA  =  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

LT1124AM/AC 
LT1125AM/AC 
MIN    TYP  MAX 

LT1124M/C 
LT1125M/C 
MIN     TYP  MAX 

UNITS 

to 

Input  Bias  Current 

±7  ±20 

±8  ±30 

nA 

Input  Noise  Voltage 

0.1  Hz  to  10Hz  (Notes  7  and  8) 

70  200 

70 

nVp-p 

Input  Noise  Voltage  Density 

frj  =  10Hz  (Note  3) 
f0  =  1000Hz  (Note  2) 

3.0  5.5 
2.7  4.2 

3.0  5.5 

2.7  4.2 

nVMTz 
nVNHz 

in 

Input  Noise  Current  Density 

fo=10Hz 
f0=  1000Hz 

1.3 
0.3 

1.3 
0.3 

pA/VHz 
pA/VRz 

VCM 

Input  Voltage  Range 

±12.0  ±12.8 

±12.0  ±12.8 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±12V 

112  126 

106  124 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±4V  to  ±18V 

116  126 

110  124 

dB 

Avol 

Large  Signal  Voltage  Gain 

RL>10kQ,  V0  =  ±10V 
RL>2kQ,  V0  =  ±10V 

5.0  17.0 
2.0  4.0 

3.0  15.0 
1.5  3.0 

V/u.V 
V/uV 

VoUT 

Maximum  Output  Voltage  Swing 

RL>2kfi 

±13.0  ±13.8 

±12.5  ±13.8 

V 

SR 

Slew  Rate 

RL>2kQ(Notes2and  6) 

3.0  4.5 

2.7  4.5 

V/U.S 

GBW 

Gain-Bandwidth  Product 

f0  =100kHz  (Note  2) 

9.0  12.5 

8.0  12.5 

MHz 

Zo 

Open  Loop  Output  Resistance 

v0  =  o,  i0  =  o 

75 

75 

12 

Is 

Supply  Current  Per  Amplifier 

2.3  2.75 

2.3  2.75 

mA 

Channel  Separation 

f<10Hz  (Note  8) 
V0  =  +10V,  RL  =  2kn 

134  150 

130  150 

dB 

€l€CTRICRl  CHRRRCT6RISTICS  VS  =  ±15V,-55°C<TA<125°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

LT1 124AM 
LT1 125AM 
MIN    TYP  MAX 

LT1124M 
LT1125M 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1124 
LT1125 

50  170 
55  190 

60  250 
70  290 

uv 

u-V 

AV0S 
ATemp 

Average  Input  Offset  Voltage  Drift 

(Note  4) 

0.3  1.0 

0.4  1.5 

u.V/°C 

los 

Input  Offset  Current 

LT1124 
LT1125 

18  45 
18  55 

20  60 
20  70 

nA 
nA 

Ib 

Input  Bias  Current 

±18  ±55 

±20  ±70 

nA 

VCM 

Input  Voltage  Range 

±11.3  ±12 

±11.3  ±12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±11.3V 

106  122 

100  120 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4Vto  ±18V 

110  122 

104  120 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL>10kn.  V0  =  ±10V 
RL>2ka  V0  =  ±10V 

3.0  10.0 
1.0  3.0 

2.0  10.0 
0.7  2.0 

V/U.V 
V/uV 

VOUT 

Maximum  Output  Voltage  Swing 

RL>2k£2 

+  12.5  ±13.6 

±12.0  ±13.6 

V 

SR 

Slew  Rate 

RL>2k£2(Notes2and  6) 

2.3  3.8 

2.0  3.8 

V/U.S 

Is 

Supply  Current  Per  Amplifier 

2.5  3.25 

2.5  3.25 

mA 

LT1124/LT1125 


€l€CTRICRL  CHARACTERISTICS  VS  =  ±15V,0°C<TA<70°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

1 T-MOjI  AP 

LT1125AC 
MIN    TYP  MAX 

LT1125C 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1124 
LT1125 

35  120 

45  170 

JU          C  I  u 

|jV 

(IV 

AVqs 
ATemp 

—  j  — —  — p-r— — 

Average  Input  Offset  Voltage  Drift 

(Note  4) 

U.o         1  .U 

n  a     1  ^ 

U.4         I  .J 

Ids 

Input  Offset  Current 

LT1124 
LT1125 

6  25 

7  35 

7  35 

8  45 

nA 
nA 

Ib 

Input  Bias  Current 

+  8  ±35 

±9  ±45 

nA 

VCM 

Input  Voltage  Range 

±11.5112.4 

±11.5  ±12.4 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCy  =  ±11.5V 

109  125 

102  122 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4Vto  ±18V 

112  125 

107  122 

dB 

AvoL 

Large  Signal  Voltage  Gain 

RL>10kQ,  V0  =  ±1 OV 
RL>2kn,  V0  =  ±10V 

4.0  15.0 
1.5  3.5 

2.5  14.0 
1.0  2.5 

V/p.V 
Wp.V 

VoUT 

Maximum  Output  Voltage  Swing 

RL>2k£J 

1 12.5  ±13.7 

±12.0  ±13.7 

V 

SR 

Slew  Rate 

RL>2ki2(Notes2and  6) 

2.6  4.0 

2.4  4.0 

V/p.s 

Is 

Supply  Current  Per  Amplifier 

2.4  3.0 

2.4  3.0 

mA 

€L€CTRICnL  CHARACTERISTICS 


Vs  =  +15V,  -40°C  <  TA  <  85°C,  unless  otherwise  noted.  (Note  9) 


SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

LT1124AC 
LT1125AC 
MIN     TYP  MAX 

LT1124C 
LT1125C 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1124 
LT1125 

40  140 
45  160 

50  200 
55  240 

M-V 
u.V 

AVqs 
ATemp 

Average  Input  Offset  Voltage  Drift 

0.3  1.0 

0.4  1.5 

u.v/°c 

los 

Input  Offset  Current 

LT1124 
LT1125 

15  40 
15  50 

17  55 
17  65 

nA 
nA 

Ib 

Input  Bias  Current 

±15  ±50 

±17  ±65 

nA 

VCM 

Input  Voltage  Range 

±  11.4  ±  12.2 

±11.4  ±12.2 

V 

CMRR 

Common  Mode  Rejection  Ratio 

Vcm  =  +11.4V 

107  124 

101  121 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±4V  to  +18V 

111  124 

106  121 

dB 

AvOL 

Large  Signal  Voltage  Gain 

Rl>10kS2.  Vo  =  +10V 

3.5  12.0 
1 .2  3.2 

2.2  12.0 
0.8  2.3 

V/p.V 
V/nV 

Vout 

Maximum  Output  Voltage  Swing 

RL>2kQ 

±12.5  ±13.6 

±12.0  ±13.6 

V 

SR 

Slew  Rate 

RL>2kQ(Note  6) 

2.4  3.9 

2.1  3.9 

V/ns 

Is 

Supply  Current  Per  Amplifier 

2.4  3.25 

2.4  3.25 

mA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Typical  parameters  are  defined  as  the  60%  yield  of  parameter 
distributions  of  individual  amplifiers;  i.e.,  out  of  100  LT1125  s  (or  100 
LT1 124's)  typically  240  op  amps  (or  1 20)  will  be  better  than  the  indicated 
specification. 

Note  2:  This  parameter  is  100%  tested  for  each  individual  amplifier. 

Note  3:  This  parameter  is  sample  tested  only. 

Note  4:  This  parameter  is  not  100%  tested. 

Note  5:  The  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 

resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input 

voltage  exceeds  ±1 .4V,  the  input  current  should  be  limited  to  25mA. 


Note  6:  Slew  rate  is  measured  in  Av  = 
measured  at±2.5V. 


-1 ;  input  signal  is  ±7.5V,  output 


Note  7:  0.1  Hz  to  1 0Hz  noise  can  be  inferred  from  the  1 0Hz  noise  voltage 
density  test.  See  the  test  circuit  and  frequency  response  curve  for  0.1  Hz 
to  1 0Hz  tester  in  the  Applications  Information  section  of  the  LT1 007  or 
LT1028  datasheets. 

Note  8:  This  parameter  is  guaranteed  but  not  tested. 
Note  9:  The  LT1 1 24/LT1 1 25  are  not  tested  and  are  not  quality-assurance- 
sampled  at  -40°C  and  at  85°C.  These  specifications  are  guaranteed  by 
design,  correlation  and/or  inference  from  -55°C,  0°C,  25°C,  70°C  and/or 
125"C  tests. 
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LT1124/LT1125 


TYPICAL  P€RFORmnnC€  CHRRRCT6RISTICS 


0.1Hz  to  10Hz  Voltage  Noise 


0.01Hz  to  1Hz  Voltage  Noise 


Voltage  Noise  vs  Frequency 


TIME  (SECONDS) 


LT1124-TPC01 


40  60 
TIME  (SECONDS) 


80  100 


LT1124-1 


1.0  10  100 

FREQUENCY  (Hz) 


1000 

LTma-TPOM 


Current  Noise  vs  Frequency 


100  1k 
FREQUENCY  (Hz) 


Input  Bias  or  Offset  Current  vs 
Temperature 


t15V 

LT1124M/LT1125M 

L 

T1124AM/LT1 125AM 
I       I  I 

LT1  124  ■  TPCC4 


-75  -50  -25    0      25    50     75   100  125 
TEMPERATURE  (°C) 


Output  Short  Circuit  Current  vs 
Time 


50 

g  40 
§  g  30 
£  1  20 
I  10 

1  ° 
1  -10 

I  o-20 

I I  "30 

irM-m 

-50 


I5°C 

-55T 

12 

5°C_ 

Vs=d 

15V- 

125°C 

25 

°C 

-5 

5"C_ 

0  12  3  4 

TIME  FROM  OUTPUT  SHORT  TO  GND  (MINUTES) 
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LT1124/LT1125 


TVPicni  p€RFORmnnc€  CHnnncTCRisncs 


Voltage  Gain  vs  Frequency 


Voltage  Gain  vs  Temperature 


Gain,  Phase  Shift  vs  Frequency 


-Vs 

=  +1 

=  2E 

5V 

Ta 

°C 

0.01        1         100       10k       1M  100M 
FREQUENCY  (Hz) 


Input  Offset  Voltage  Drift 
Distribution 


I 

_Vs  =  ± 

5V 

200  N8 
100  S8 
96  J8 
396  UNI 

"ST 

ESTE 

3  — 

Lr 

I 

J 

r 

i: 

- 

-0.8  -0.4  0  0.4  0.8 
INPUT  OFFSET  VOLTAGE  DRIFT  ((iV/°C) 

LT1134.TPC13 


-75  -50  -25    0      25    50     75   100  125 
TEMPERATURE  (°C) 

LT1124  •  TPC11 

Offset  Voltage  Drift  with 
Temperature  of  Representative 
Units 


-50   -25     0      25      50      75     100  125 
TEMPERATURE  (°C) 


II II 

±15V  f 
25°C  | 
10pF 

-Tfl  = 

0  / 

Cl 

GAIN 

S 

80 

100 

120 

140 

160 


0.1 


1  10 
FREQUENCY  (MHz) 


100 


Supply  Current  vs  Supply  Voltage 


125°C 

25°C 

-5 

5°C 

±5  ±10  ±15 

SUPPLY  VOLTAGE  (V) 


LT1124-TPC15 


Small  Signal  Transient  Response 
■ 

an 


AVCL='f1.vS=±15VOR±5V 

C[_=  15PF  LT11S4-TPC16 


Large  Signal  Transient  Response 
■■■■■■■■■■ 


Output  Voltage  Swing  vs 
Load  Current 


V*  -0.8 
-1.0 
£-1.2 
4 


III 

Vq  =±3VTO±18V 

125 

■c 

p" 

"25 

--5 

i*C- 

i 

55"C 

25° 

125° 

0s 

10  -8  -6  -4  -2    0     2    4    6    8  10 

'SINK      fc,™,»r™™»»,»»,    .,  'SO0RCE 
OUTPUT  CURRENT  (mA) 

LT1 124  •  TPC1B 


LT1124/LT1125 


wicm  P€RFORmnnc€ 


v  + 

-0.5 

-1.0 

>- 

-1.5 

iw 

-2.0 

-2.5 

Q  O 

o  o. 

if 

♦2.5 

1S 

.2  0 

8" 

LAJ 

+1.5 

+1.0 

V" 

+0.5 

Common  Mode  Limit  vs 
Temperature 


V 

f=  + 

3VT 

3  +  1 

V 

</ 

3VT 

)-1 

IV 

-20        20  60 
TEMPERATURE  (°C) 


LT1124-TPC19 


Total  Harmonic  Distortion 
and  Noise  vs  Frequency  for 
Non-Inverting  Gain 


ZL  =  2k/15pF 
V0  =  20Vp-p 
Ay+1,+10,  +100 
MEASUREMENT  BANDWIDTH 
=  10Hz  TO  80kHz 


100  1k 

FREQUENCY  (Hz) 


LT11M-TPC23 


Total  Harmonic  Distortion  and 
Noise  vs  Output  Amplitude  tor 
Non-Inverting  Gain 


1  10  30 

OUTPUT  SWING  (Vp-p) 

LT11W.TPCW 

•See  LT1115  data  sheet  lor  definition  ot  CCIF  testing 


Channel  Separation  vs  Frequency 


Warm-Up  Drift 


180 

160 

140 

— 

Q 

120 

«i 
K 

'00 

< 
— 

60 

60 

< 

— 

40 

20 

0 

| 

LIMITED  B 

Y  I 

TH 

ERMAL 

INTERA 

CTION 

-rl  =  ; 

V0  =  i 
-TA  =  2 

15V 
k  _ 

Vp-p 

5°C  - 

1       LIMIlfcD  BY  PIN  . 
TO  PIN  CAPACITANCE 

100 


1k  10k  100k 
FREQUENCY  (Hz) 


_  0.1 


Total  Harmonic  Distortion 
and  Noise  vs  Frequency  for 
Inverting  Gain 

W=   I   Ill  . 


100  1k  10k  20k 

FREQUENCY  (Hz) 


LT11M-TPC24 


Total  Harmonic  Distortion  and 
Noise  vs  Output  Amplitude  for 
Inverting  Gain 


_  1 


ZL  =  2k/15pF 
f„  =  1kHz 
Av  =  -1  ,-10.  -100 
MEASUREMENT  BANDWIDTH 
=  10Hz  TO  22kHz 


1  10 
OUTPUT  SWING  (Vp-p) 


LT1124-  TPC27 


to 


1 

VS=±15V 
Ta  =  25°C 

SO  P 

ACKAGE 

- — 

,  I 

s  - — 

TIME  AFTER  POWER  ON  (MINUTES) 

LT11Z4.1 


Total  Harmonic  Distortion 
and  Noise  vs  Frequency  for 
Competitive  Devices 


ZL  =  2k/15pF 
V0  =  20Vp-p 
Av  =  -10 
MEASUREMENT  BANDWIDTH 
=  10Hz  TO  80kHz 


100  1k  101 

FREQUENCY  (Hz) 

LT11W- 

Intermoduiation  Distortion 
(CCIF  Method)*  vs  Frequency 
LT1124  and  OP270 


ZL  =  2k/15pF  S 
f  (IM)  =  1kHz  ; 
f0  =  13.5kHz 
V0  .  20Vp-p 

Ay  =  -10 

MEASUREMENT  BANDWIDTH 
=  10Hz  TO  80kHz 


10k 

FREQUENCY  (Hz) 
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LT1124/LT1125 


flppucOTions  inFORmnnon 


The  LT1 1 24  may  be  inserted  directly  into  OP-270  sockets. 
The  LT1125  plugs  into  OP-470  sockets.  Of  course,  all 
standard  dual  and  quad  bipolar  op  amps  can  also  be 
replaced  by  these  devices. 

Matching  Specifications 

In  many  applications  the  performance  of  a  system  de- 
pends on  the  matching  between  two  op  amps,  rather  than 
the  individual  characteristics  of  the  two  devices.  The  three 
op  amp  instrumentation  amplifier  configuration  shown  in 
this  data  sheet  is  an  example.  Matching  characteristics  are 
not  100%  tested  on  the  LT1124/LT1125. 

Some  specifications  are  guaranteed  by  definition.  For 
example,  70|iV  maximum  offset  voltage  implies  that  mis- 
match cannot  be  more  than  140liV.  112dB  (=  2.5llV/V) 
CMRR  means  that  worst  case  CMRR  match  is  106dB 
(5|iV/V).  However,  the  following  table  can  be  used  to 
estimate  the  expected  matching  performance  between  the 
two  sides  of  the  LT1 1 24,  and  between  amplifiers  A  and  D, 
and  between  amplifiers  B  and  C  of  the  LT1 1 25. 


Offset  Voltage  and  Drift 

Thermocouple  effects,  caused  by  temperature  gradients 
across  dissimilar  metals  at  the  contacts  to  the  input 
terminals,  can  exceed  the  inherent  drift  of  the  amplifier 
unless  proper  care  is  exercised.  Air  currents  should  be 
minimized,  package  leads  should  be  short,  the  two  input 
leads  should  be  close  togetherand  maintained  atthe  same 
temperature. 

The  circuit  shown  to  measure  offset  voltage  is  also  used  as 
the  burn-in  configuration  for  the  LT1 1 24/LT1 1 25,  with  the 
supply  voltages  increased  to  +16V. 

Test  Circuit  for  Offset  Voltage  and  Offset  Voltage  Drift  with 
Temperature 


•RESISTORS  MUST  HAVE  LOW 
THERMOELECTRIC  POTENTIAL  ltiwtw 


Expected  Match 


PARAMETER 

LT1124AM/AC 
LT1125AM/AC 
50%  YIELD                98%  YIELD 

LT1124M/C 
LT1125M/C 
50%  YIELD                98%  YIELD 

UNITS 

Vos  Match,  AV0S  LT1124 
LT1125 

20  110 
30  150 

30  130 
50  180 

HV 
MV 

Temperature  Coefficient  Match 

0.35  1.0 

0.5  1.5 

M-V/°C 

Average  Non-Inverting  Ib 

6  18 

7  25 

nA 

Match  of  l\lon-lnverting  lB 

7  22 

8  30 

nA 

CMRR  Match 

126  115 

123  112 

dB 

PSRR  Match 

127  118 

127  114 

dB 
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LT1124/LT1125 


Applications 


High  Speed  Operation 

When  the  feedback  around  the  op  amp  is  resistive  (Rp),  a 
pole  will  be  created  with  Rr-,  the  source  resistance  and 
capacitance  (Rs,  Cs),  and  the  amplifier  input  capacitance 
(Cin  «f  2pF).  In  low  closed  loop  gain  configurations  and 
with  Rs  and  Rp  in  the  kilohm  range,  this  pole  can  create 
excess  phase  shift  and  even  oscillation.  A  small  capacitor 
(Cp)  in  parallel  with  Rp  eliminates  this  problem.  With  Rs 
(Cs  +  Cin)  =  RfCr  the  effect  of  the  feedback  pole  is 
completely  removed. 


Unity  Gain  Buffer  Applications 

When  RF  <  1 00Q  and  the  input  is  driven  with  a  fast,  large 
signal  pulse  (>1  V),  the  output  waveform  will  look  as  shown. 


During  the  fast  feedthrough-like  portion  of  the  output,  the 
input  protection  diodes  effectively  short  the  output  to  the 
input  and  a  current,  limited  only  by  the  output  short  circuit 
protection,  will  be  drawn  by  the  signal  generator.  With  Rp 
>  500£2,  the  output  is  capable  of  handling  the  current 
requirements  (lL  <  20mA  at  10V)  and  the  amplifier  stays 
in  its  active  mode  and  a  smooth  transition  will  occur. 

Noise  Testing 

Each  individual  amplifier  is  tested  to  4.2nV/VRz  voltage 
noise;  i.e.,  for  the  LT1 1 24  two  tests,  for  the  LT1 1 25  four 
tests  are  performed.  Noise  testing  for  competing  multiple 
op  amps,  if  done  at  all,  may  be  sample  tested  or  tested 
using  the  circuit  below. 

en  out  =  V  (enA)2  +  (enB)2  +  (enc)2  +  (enD)2 

If  the  LT1 1 25  weretested  this  way,  the  noise  limit  would 
be  V  4  x  (4.2nV/VHz)2  =  8.4nV/VHz.  But  is  this  an  effective 
screen?  What  if  three  of  the  four  amplifiers  are  at  a  typical 
2.7nV/VHz,  and  the  fourth  one  was  contaminated  and  has 
6.9nV/Vfiz  noise? 

RMS  Sum  =  V  (2.7)2  + (2.7)2 +  (2.7)2  + (6.9)2  =  8.33nV/VHz 

This  passes  an  8.4nV/VHz  spec,  yet  one  of  the  amplifiers 
is  64%  over  the  LT1125  spec  limit.  Clearly,  for  proper 
noise  measurement,  the  op  amps  have  to  be  tested 
individually. 

Competing  Quad  Op  Amp  Noise  Test  Method 


OUT 
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LT1124/LT1125 


p€RFORmnnc€  compnmson 


The  following  table  summarizes  the  performance  of  the 
LT1 124/LT1 125  compared  to  the  low  cost  grades  of 
alternate  approaches. 

The  comparison  shows  how  the  specs  of  the  LT1124/ 
LT1 1 25  not  only  stand  up  to  the  industry  standard  OP-27, 


but  in  most  cases  are  superior.  Normally  dual  and  quad 
performance  is  degraded  when  compared  to  singles,  for 
the  LT1 1 24/LT1 1 25  this  is  not  the  case. 


Guaranteed  performance,  Vs  =  ±15V,  TA  =  25°C,  low  cost  devices. 


PARAMETER/UNITS 

LT1124CN8 
LT1125CN 

OP-27  GP 

OP-270  GP 

OP-470  GP 

UNITS 

Voltage  Noise,  1kHz 

4.2 

100%  Tested 

4.5 

Sample  Tested 

No  Limit 

5.0 

Sample  Tested 

nV/VHz 

Slew  Rate 

2.7 

100%  Tested 

1.7 
Not  Tested 

1.7 

1.4 

V/ns 

Gain  Bandwidth  Product 

8.0 

100%  Tested 

5.0 
Not  Tested 

No  Limit 

No  Limit 

MHz 

Offset  Voltage 

LT1124 
LT1125 

100 
140 

100 

250 

1000 

uV 
u.V 

Offset  Current 

LT1124 
LT1125 

20 
30 

75 

20 

30 

nA 
nA 

Bias  Current 

30 

80 

60 

60 

nA 

Supply  Current/Amp 

2.75 

5.67 

3  25 

2.75 

mA 

Voltage  Gain,  RL  =  2k 

1.5 

0.7 

0.35 

0.4 

V/|iV 

Common  Mode  Rejection  Ratio 

106 

100 

90 

100 

dB 

Power  Supply  Rejection  Ratio 

110 

94 

104 

105 

dB 

S8  Package 

Yes  -  LT1 1 24 

Yes 

No 

TVPICRL  RPPUCOTIOnS 


Gain  1000  Amplifier  with  0.01%  Accuracy,  DC  to  5Hz 

340k    m  ™ 


RN60C  FILM  RESISTORS 


INPUT 


THE  HIGH  GAIN  AND  WIDE  BANDWIDTH  OF  THE  LT1 1 24/LT1 1 25,  IS  USEFUL  IN  LOW 
FREQUENCY  HIGH  CLOSED  LOOP  GAIN  AMPLIFIER  APPLICATIONS.  A  TYPICAL 
PRECISION  OP  AMP  MAY  HAVE  AN  OPEN  LOOP  GAIN  OF  ONE  MILLION  WITH  500kHz 
BANDWIDTH.  AS  THE  GAIN  ERROR  PLOT  SHOWS,  THIS  DEVICE  IS  CAPABLE  OF  0.1% 
AMPLIFYING  ACCURACY  UP  TO  0.3Hz  ONLY.  EVEN  INSTRUMENTATION  RANGE 
SIGNALS  CAN  VARY  AT  A  FASTER  RATE.  THE  LT1 1 24/LT1 1 25  "GAIN  PRECISION  — 
BANDWIDTH  PRODUCT"  IS  75  TIMES  HIGHER.  AS  SHOWN. 

LT1124-TA07 


Gain  Error  vs  Frequency  Closed  Loop  Gain  =  1000 


0.001 


GAIN  FRROR  CLOSED  LOOP  GAIN 
GAIN  ERROR  =  opENLOOpGA|N 

I  I  I  I  llll  I    I  I  I  I 


0.1 


1  10 
FREQUENCY  (Hz) 
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LT1124/LT1125 


TYPICAL  RPPUCOTIOnS 

Strain  Gauge  Signal  Conditioner  with  Bridge  Excitation 


THE  LT1124/LT1125  IS  CAPABLE  OF  PROVIDING  EXCITATION  CURRENT  DIRECTLY 
TO  BIAS  THE  350SJ  BRIDGE  AT  5V  WITH  ONLY  5V  ACROSS  THE  BRIDGE  (AS  OPPOSED 
TO  THE  USUAL  10V)  TOTAL  POWER  DISSIPATION  AND  BRIDGE  WARM-UP  DRIFT  IS 
REDUCED.  THE  BRIDGE  OUTPUT  SIGNAL  IS  HALVED.  BUT  THE  LT1124/LT1125  CAN 
AMPLIFY  THE  REDUCED  SIGNAL  ACCURATELY. 


SCHCmflTK  DIAGRflfTI  (i/2ltii24,i/4lth25) 


NON-INVERTING 
INPUT  (+} 

D 


INVERTING 
INPUT 

□ 
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LT1126/LT1127 


TECHNOLOGY  Dual/Quad 
Decompensated  Low  Noise, 
High  Speed  Precision  Op  Amps 


FCRTUR6S 

■  100%  Tested  Low  Voltage  Noise 

■  Slew  Rate 

■  Gain-Bandwidth  Product 

■  Offset  Voltage,  Prime  Grade 

Low  Grade 

■  High  Voltage  Gain 

■  Supply  Current  Per  Amplifier 

■  Common  Mode  Rejection 

■  Power  Supply  Rejection 

■  Available  in  8-Pin  SO  Package 

nppucnnons 


2.7nV/VHz  Typ 
4.2nV/VRz  Max 
11V/nsTyp 
65MHz  Typ 
70u-V  Max 
100p.V  Max 
5  Million  Min 
3.1mA  Max 
112dB  Min 
116dB  Min 


Two  and  Three  Op  Amp  Instrumentation  Amplifiers 
Low  Noise  Signal  Processing 
Active  Filters 

Microvolt  Accuracy  Threshold  Detection 
Strain  Gauge  Amplifiers 
Direct  Coupled  Audio  Gain  Stages 
Tape  Head  Preamplifiers 
Microphone  Preamplifiers 
Accelerometer  Amplifiers 
Infrared  Detectors 


DCSCRIPTIOfl 

The  LT1126  dual  and  LT1127  quad  are  high  performance, 
decompensated  op  amps  that  offer  higher  slew  rate  and 
bandwidth  than  the  LT1124  dual  and  the  LT1125  quad 
operational  amplifiers.  The  enhanced  AC  performance  is 
available  without  degrading  DC  specs  of  the  LT1 1 24/LT1 1 25. 
Both  LT1 1 26/LT1 1 27  are  stable  in  a  gain  of  1 0  or  more. 

In  the  design,  processing,  and  testing  of  the  device, 
particular  attention  has  been  paid  to  the  optimization  of  the 
entire  distribution  of  several  key  parameters.  Slew  rate, 
gain-bandwidth,  and  1  kHz  noise  are  1 00%  tested  for  each 
individual  amplifier.  Consequently,  the  specifications  of 
even  the  lowest  cost  grades  (the  LT1 1 26C  and  the  LT1 1 27C) 
have  been  enhanced. 

Power  consumption  of  the  dual  LT1 1 26  is  less  than  one 
half  of  two  OP-37s.  Low  power  and  high  performance  in 
an  8-pin  SO  package  makes  the  LT1 126  a  first  choice  for 
surface  mounted  systems  and  where  board  space  is 
restricted. 

Protected  by  U.S.  patents  4,775,884  and  4,837,496. 


LT1126/LT1127 


MSOLUTC  mnximum  rrtirgs 

Supply  Voltage  ±22V 

Input  Voltage  Equal  to  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Differential  Input  Current  (Note  5)  ±25mA 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


Operating  Temperature  Range 
LT1126AM/LT1126M 

LT1 1 27AM/LT1 1 27M  -55°C  to  1 25°C 

LT1126AC/LT1126C 

LT1127AC/LT1127C  -40°Cto  85°C 

Storage  Temperature  Range 
All  Grades  -65°C  to150°C 


PRCKRG€/ORD€R  IflFORmflTIOn 


hi N  A  [7  p--i  [—  T]  -IN  A 

V-  |T  ^>  7]  OUT  A 

i-IN  B  |T  -  T   JJ  V* 

-IN  B  [7  -  -i_  y~ JJ  OUTB 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

NOTE:  THIS  PIN  CONFIGURATION  DIFFERS  FROM  THE 
8-PIN  DIP  CONFIGURATION.  INSTEAD.  IT  FOLLOWS 
THE  INDUSTRY  STANDARD  LT1013DS8  SO  PACKAGE 
PIN  LOCATIONS 

LT1126-POI01 


ORDER  PART 
NUMBER 


LT1126CS8 


S8  PART 
MARKING 


1126 


OUT  A  ff 


J8  PACKAGE 
8-LEAO  CERAMIC  DIP 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LT1126AMJ8 

LT1126MJ8 

LT1126CJ8 

LT1126ACN8 

LT1126CN8 


OUTA  LT  -|  1 1  L£J  uul  L 

-inaII--kJL^|-11-ind 


+  INB  [T 

-IN  B  LT 

OUT  B 
NC 


]U  OUTD 


LT1127CS 


T3  V 

12]  +INC 

TTJ  -iNC 
Ta\  outc 

J]  NC 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


J  PACKAGE  N  PACKAGE 

14-LEAD  CERAMIC  DIP  14-LEAD  PLASTIC  DIP 


LT1127AMJ 

LT1127MJ 

LT1127CJ 

LT1127ACN 

LT1127CN 


€L€CTRICRL  CHRRRCTCRISTICS  Vs  =  +15V,  Tfl  =  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

LT1126AM/AC 
LT1127AM/AC 
MIN     TYP  MAX 

LT1126M/C 
LT1127M/C 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1126 
LT1127 

20  70 
25  90 

25  100 
30  140 

nv 

AVOS 

ATime 

Long  Term  Input  Offset 
Voltage  Stability 

0.3 

0.3 

nV/Mo 

los 

Input  Offset  Current 

LT1126 
LT1127 

5  15 

6  20 

6  20 

7  30 

nA 
nA 

Ib 

Input  Bias  Current 

±7  ±20 

+  8  ±30 

nA 

e„ 

Input  Noise  Voltage 

0.1Hzto10Hz(Notes7and  8) 

70  200 

70 

nVp-p 
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€L€CTRICRL  CHARACTERISTICS  VS  =  ±15V  ,TA  =  25  °C  .unless  otherwise  noted. 


^YMRfll 
0  1  IVIDUL 

PflRflMFTFR 

CONDITIONS  (Note  11 

LT1126AM/AC 

1  T1 1 17  AM  ih  P 
L  III  t:  f  AM/At 

MIN     TYP  MAX 

in  111          III  mn/i 

LT1126M/C 

1  TH07M/P 

MIN      TYP  MAX 

UNITS 

Input  Noise  Voltage  Density 

fo  =  1 0Hz  (Note  3) 
To  =  1000Hz  (Note  2) 

3.0  5.5 
2.7  4.2 

3.0  5.5 
2.7  4.2 

nV/VHz 
nV/VHz 

in 

Input  Noise  Current  Density 

f0=10Hz 
t0 = 1000Hz 

1.3 
0.3 

1.3 
0.3 

pA/VHz 
pA/VHz 

VCM 

Input  Voltage  Range 

±12.0  ±12.8 

±12.0  ±12.8 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±12V 

112  126 

106  124 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±4V  to  ±18V 

116  126 

110  124 

rJB 

AvOL 

Large  Signal  Voltage  Gain 

RL  >  1 0kQ,  V0  =  ±1 OV 
R(_  >  2kQ.  Vo  =  ±1 0V 

5.0  17.0 
2.0  4.0 

3.0  15.0 
1.5  3.0 

V/U.V 
V/u.V 

VOUT 

Maximum  Output  Voltage  Swing 

RL  >  2k£i 

±13.0  ±13.8 

±12.5  ±13.8 

V 

SR 

Slew  Rate 

Rl  >  2k£2  (Notes  2  and  6) 

8.0  11 

8.0  11 

V/ns 

GBW 

Gain-Bandwidth  Product 

f0  =  10kHz  (Note  2) 

45  65 

45  65 

MHz 

Zo 

Open  Loop  Output  Resistance 

Vo  =  0,  l0  =  0 

75 

75 

Q 

Is 

Supply  Current  Per  Amplifier 

2.6  3.1 

2.6  3.1 

mA 

Channel  Separation 

f<10Hz(Mote  8) 
V0  =  ±10V,  R|_  =  2kQ 

134  150 

130  150 

dB 

€l€CTRICAl  CHARACTERISTICS  VS  =  J15V,  -55  C<TA<125  C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

LT1 126AM 
LT1 127AM 
MIN     TYP  MAX 

LT1126M 
LT1127M 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1126 
LT1127 

50  170 
55  190 

60  250 
70  290 

M-V 
liV 

AV0S 

ATemp 

Average  Input  Offset  Voltage  Drift 

(Note  4) 

0.3  1.0 

0.4  1.5 

p.V/°C 

los 

Input  Offset  Current 

LT1126 
LT1127 

18  45 
18  55 

20  60 
20  70 

nA 
nA 

Is 

Input  Bias  Current 

±18  +55 

±20  ±70 

nA 

VCM 

Input  Voltage  Range 

±11.3  ±12 

±11.3  ±12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±11.3V 

106  122 

100  120 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4Vto  ±18V 

110  122 

104  120 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL>10kQ,V0  =  ±10V 
RL>2kQ.  V0  =  ±10V 

3.0  10.0 
1.0  3.0 

2.0  10.0 
0.7  2.0 

V/nV 
V/jjV 

VOUT 

Maximum  Output  Voltage  Swing 

RL>2kQ 

±12.5  ±13.6 

±12.0  ±13.6 

V 

SR 

Slew  Rate 

RL>2kn(Notes2and  6) 

7.2  10 

7.0  10 

V/u.s 

Is 

Supply  Current  Per  Amplifier 



2.8  3.5 

2.8  3.5 

mA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1 :  Typical  parameters  are  defined  as  the  60%  yield  of  parameter 
distributions  of  individual  amplifiers;  i.e.,  out  of  1 00  LT1 1 27s  (or  1 00 
LT1 126s)  typically  240  op  amps  (or  120)  will  be  better  than  the  indicated 
specification. 

Note  2:  This  parameter  is  100%  tested  for  each  individual  amplifier. 
Note  3:  This  parameter  is  sample  tested  only. 
Note  4:  This  parameter  is  not  100%  tested. 
Note  5:  The  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input 
voltage  exceeds  ±1 ,4V,  the  input  current  should  be  limited  to  1 " 


Note  6:  Slew  rate  is  measured  in  Ay  =  -10;  input  signal  is  ±1 V,  output 
measured  at±5V. 

Note  7:  0.1  Hz  to  10Hz  noise  can  be  inferred  from  the  10Hz  noise  voltage 
density  test.  See  the  test  circuit  and  frequency  response  curve  for  0.1  Hz 
to  10Hz  tester  in  the  Applications  Information  section  of  the  LT1007  or 
LT1028  datasheets. 

Note  8:  This  parameter  is  guaranteed  but  not  tested. 
Note  9:  The  LT1 1 26  and  LT1 1 27  are  not  tested  and  are  not  quality 
assurance  sampled  at  -40°C  and  at  85°C.  These  specifications  are 
guaranteed  by  design,  correlation  and/or  inference  from  -55°C,  0°C, 
25"C,  70°C  and/or  125"C  tests. 
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LT1126/LT1127 


CL6CTRICRI  CHRRflCT€RISTICSvs  =  +15V,  0°C<TA<70°C,  unless  otherwise  noted. 


ovnii  on  i 

SYMBOL 

DA  D  A  AACTCD 
PAHAMfcltH 

CONDITIONS  (Note  1) 

LT112BAC 
LT1127AC 

MIM       TVD  MAV 

IVIIN      llr  IVIAa 

LT1126C 
LT1127C 

MIM         TVD  MAV 

MIN       llr  IVIAA 

UNITS 

Vos 

Input  Offset  Voltage 

LT1126 
LT1127 

1  on 

40  140 

45  170 
50  210 

uV 
nV 

AVdq/AT 

LAV  \Ji)l  Li  1 

Average  Input  Offset  Voltage  Drift 

(Note  4) 

0.3  1.0 

0.4  1.5 

(iV/°C 

los 

Input  Offset  Current 

LT1126 
LT1127 

6  25 

7  35 

7  35 

8  45 

nA 
nA 

(« 

Input  Bias  Current 

±8  ±35 

±9  ±45 

nA 

VcM 

Input  Voltage  Range 

±11.5  ±12.4 

±11.5  ±12.4 

V 

CMRR 

Common  Mode  Rejection  Ratio 

Vom-' 11.5V 

109  125 

102  122 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±4V  to  ±18V 

112  125 

107  122 

dB 

Avol 

Large  Signal  Voltage  Gain 

RL>10k£2,  V0  =  ±10V 
RL>2k£2,  V0  =  ±10V 

4.0  15.0 
1.5  3.5 

2.5  14.0 
1.0  2.5 

V/U.V 
V/u.V 

V0UT 

Maximum  Output  Voltage  Swing 

RL>2kn 

±12.5  ±13.7 

±12.0  ±13.7 

V 

SR 

Slew  Rate 

RL  >  2kn  (Notes  2  and  6) 

7.5  10.5 

7.3  10.5 

fps 

Is 

Supply  Current  Per  Amplifier 

2.7  3.3 

2.7  3.3 

mA 

€l€CTRICRl  CHRRRCTCRISTICS  Vs  =  +15V,  -40°C  <  TA  <  85°C,  unless  otherwise  noted.  (Note  9) 


LT1126AC 

LT1126C 

LT1127AC 

LT1127C 

SYMBOL 

PARAMETER 

CONDITIONS  (Note  1) 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1126 

40 

140 

50 

200 

u.V 

LT1127 

45 

160 

55 

240 

u.V 

AVos/AT 

Average  Input  Offset  Voltage  Drift 

0.3 

1.0 

0.4 

1.5 

M-V/°C 

los 

Input  Offset  Current 

LT1126 

15 

40 

17 

55 

nA 

LT1127 

15 

50 

17 

65 

nA 

lB 

Input  Bias  Current 

±15 

±50 

±17  ± 

65 

nA 

VcM 

Input  Voltage  Range 

±11.4 

±12.2 

±11.4 

±12.2 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±11.4V 

107 

124 

101 

121 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±4V  to  ±18V 

111 

124 

106 

121 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL>10kQ,  Vo  =  ±10V 

3.5 

12.0 

2.2 

12.0 

V/nV 

RL>2kn,  V0  =  ±10V 

1.2 

3.2 

0.8 

2.3 

V/J.V 

VOUT 

Maximum  Output  Voltage  Swing 

RL  >  2kn 

±12.5 

±13.6 

±12.0 

±13.6 

V 

SR 

Slew  Rate 

RL>2kQ(Note  6) 

7.3 

10.2 

7.1 

10.2 

Whs 

Is 

Supply  Current  Per  Amplifier 

2.8 

3.4 

2.8 

3.4 

mA 

TVPicni  P€RFORmnnc€  chrrrctcristics 

Input  Bias  Current  Over  the  Common  Mode  Range 
Voltage  Gain  vs  Temperature 
Input  Offset  Voltage  Drift  Distribution 
Offset  Voltage  Drift  with  Temperature  of  Representative 
Units 

Output  Voltage  Swing  vs  Load  Current 
Common  Mode  Limit  vs  Temperature 
Channel  Separation  vs  Frequency 
Warm-Up  Drift 

Power  Supply  Rejection  Ratio  vs  Frequency 


The  typical  behavior  of  many  LT1 1 26/LT1 1 27  parameters 
is  identical  to  the  LT1 1 24/LT1 1 25.  Please  refer  to  the 
LT1 1 24/LT1 1 25  data  sheet  for  the  following  performance 
characteristics: 

0.1Hz  to  10Hz  Voltage  Noise 
0.01Hz  to  1Hz  Voltage  Noise 
Current  Noise  vs  Frequency 


Input  Bias  or  Offset  Current  vs  Tempei 
Output  Short  Circuit  Current  vs  Time 
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LT1126/LT1127 


TWicm  p€RFonmnnc€  cHnnncTCRisTics 


Gain,  Phase  Shift  vs  Frequency 


\ 

mi 

\ 

t 

0 

=  ±isvf 

=  25°C  { 
= 10pF  I 

,* 

\ 

GA 

N 

s 

60 
80 

x 

100  S 

120  I 
a 

CD 

140  S 
is 

160 


Small  Signal  Transient  Response 


Large  Signal  Transient  Response 


1.0  10 
FREQUENCY  (MHz) 

Voltage  Gain  vs  Frequency 


100 


180 


LTltM-TPCOl 


140 
t  120 
:  100 
80 
60 

t 

40 
20 
0 


=  ±15V 
=  25"C 

1        100  10k 
FREQUENCY  (Hz) 


AVci  =  -10.Vs  =  ±15VOR  ±5V 

Cl  =  15pF  LT1IM-TPCOS 


Common  Mode  Rejection  Ratio  vs 
Frequency 


10k         100k  1M 
FREQUENCY  (Hz) 


: 

■ 

m 

\ 

IB 

i  i 

Ava=-10.Vs=±15V 


ITI126-TPC03 


Supply  Current  vs  Supply  Voltage 


125"C 

2b°C 
-55°C 

±5  ±10  ±15 

SUPPLY  VOLTAGE  (V) 


_  0.1 


Total  Harmonic  Distortion 
and  Noise  vs  Frequency  lor 
Inverting  Gain 


10k  20k 


Total  Harmonic  Distortion 
and  Noise  vs  Frequency  tor 
Non-Inverting  Gain 


ZL  =  2k/15pF 
V0  =  20Vp-p 
Av=+10.  +100 
MEASUREMENT  BANDWIOTH 
=  10Hz  TO  80kHz 


100  1k 

FREQUENCY  (Hz) 


Intermodulation  Distortion 
(CCIF  Method)*  vs  Frequency 


3  0.001 


ZL  =  2k/15pF 
f  (IM)  =  1kHz 
f0  =  13.5kHz 
V0  =  20Vp-p 
Ay  =  -10 

MEASUREMENT  BANDWIDTH  = 
=  10Hz  TO  80kHz 


LT1126 


10k 

FREQUENCY  (Hz) 


LT 1 1 38  •  TPC01 


*  See  LT1 1 1 5  data  sheet  for  definition  of  CCIF  testing 


X7TJO 
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LT1126/LT1127 


Applications  inFORmnnon 


Matching  Specifications 

In  many  applications  the  performance  of  a  system  de- 
pends on  the  matching  between  two  op  amps,  rather  than 
the  individual  characteristics  of  the  two  devices.  The  three 
op  amp  instrumentation  amplifier  configuration  shown  in 
this  data  sheet  is  an  example.  Matching  characteristics  are 
not  100%  tested  on  the  LT1 126/LT1 127. 

Some  specifications  are  guaranteed  by  definition.  For 
example,  70uV  maximum  offset  voltage  implies  that  mis- 
match cannot  be  more  than  140u.V.  112dB  (=  2.5u.V/V) 
CMRR  means  that  worst  case  CMRR  match  is  106dB 
(5liV/V).  However,  the  following  table  can  be  used  to 
estimate  the  expected  matching  performance  between  the 
two  sides  of  the  LT1 1 26,  and  between  amplifiers  A  and  D, 
and  between  amplifiers  B  and  C  of  the  LT1127. 

Expected  Match 


High  Speed  Operation 

When  the  feedback  around  the  op  amp  is  resistive  (Rp),  a 
pole  will  be  created  with  RF,  the  source  resistance  and 
capacitance  (Rs,  Cs),  and  the  amplifier  input  capacitance 
(Cin  *  2pF).  In  low  closed  loop  gain  configurations  and 
with  Rs  and  Rp  in  the  kilohm  range,  this  pole  can  create 
excess  phase  shift  and  even  oscillation.  A  small  capacitor 
(Cp)  in  parallel  with  RF  eliminates  this  problem.  With 
Rs  (Cs  +  Cin)  =  RfCf,  the  effect  of  the  feedback  pole  is 
completely  removed. 


LT1126-TAQZ 


LT1126AM/AC 

LT1126IWC 

LT1127AM/AC 

LT1127M/C 

PARAMETER 

50%  YIELD                98%  YIELD 

50%  YIELD 

98%  YIELD 

UNITS 

V0s  Match,  AVqs 

LT1126 

20 

110 

30 

130 

uV 

LT1127 

30 

150 

50 

180 

U.V 

Temperature  Coefficient  Match 

0.35 

1.0 

0.5 

1.5 

u.V/°C 

Average  Non-Inverting  Ib 

6 

18 

7 

25 

nA 

Match  of  Non-Inverting  lg 

7 

99 

30 

nA 

CMRR  Match 

126 

123  112 

rJB 

PSRR  Match 

127 

118 

127 

114 

dB 

TYPicni  nppucOTions 

Gain  1000  Amplifier  with  0.01%  Accuracy,  DC  to  5Hz 


20k 
TRIM, 


17o        SVo  V 

-vvv— vvv— yrfr-, 


r 


— vvv  vvv — vvv— 

-v*k — * — ^-L 

LT1126  ^>  1 

|        V/X     m60C  FILM  RESI: 

INPUT       ^  -15V 


THE  HIGH  GAIN  AND  WIDE  BANDWIDTH  OF  THE  LT1 1 26/LT1 1 27  IS  USEFUL  IN  LOW  FREQUENCY  HIGH  CLOSED 
LOOP  GAIN  AMPLIFIER  APPLICATIONS.  A  TYPICAL  PRECISION  OP  AMP  MAY  HAVE  AN  OPEN  LOOP  GAIN  OF  ONE 
MILLION  WITH  500kHz  BANDWIDTH.  AS  THE  GAIN  ERROR  PLOT  SHOWS,  THIS  DEVICE  IS  CAPABLE  OF  0.1% 
AMPLIFYING  ACCURACY  UP  TO  0.3Hz  ONLY.  EVEN  INSTRUMENTATION  RANGE  SIGNALS  CAN  VARY  AT  A  FASTER 
RATE.  THE  LT1 126/LT1 127  "GAIN  PRECISION  —  BANDWIDTH  PRODUCT"  IS  330  TIMES  HIGHER,  AS  SHOWN. 


Gain  Error  vs  Frequency 
Closed  Loop  Gain  =  1000 


1  10 
FREQUENCY  (Hz) 
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LT1126/LT1127 


TYPicni  nppucnTions 

Low  Noise,  Wideband,  Gain  =  100  Amplifier  with  High  Input  Impedance 


INPUT 


OUTPUT 


-3dB  BANDWIDTH  =  910  kHz 
GAIN  BANDWIDTH  PRODUCT  =  91  0MHz 

WIDEBAND  NOISE  =  3.2nVMg  =  1  85nV/VHz  REFERRED  TO  INPUT 

V3 

RMS  NOISE  DC  TO  FULL  BANDWIDTH  =  21.2pV  REFERRED  TO  INPUT 

LT11Z6-TMK 


scHcmnTic  DinGRnm  (1/21x1126,1/4  mm) 


Q9 

Q3 

NON-INVERTING 
INPUT  (t) 

□ 


INVERTING 
INPUT  (-) 

□ 
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/T^LintAR-  LT1178/LT1179 

TECHNOLOGY  17/tA  MaX;  Dua|  and  Quad# 

Single  Supply,  Precision  Op  Amps 


F€flTUR€S 

■  17/jA  Max  Supply  Current  per  Amplifier 

■  70/iV  Max  Offset  Voltage 

■  250pA  Max  Offset  Current 

■  5nA  Max  Input  Bias  Current 

■  0.9/iVp-p  0.1  Hz  to  10Hz  Voltage  Noise 

■  1.5pAp-p  0.1  Hz  to  10Hz  Current  Noise 

■  0.5AtV/°C  Offset  Voltage  Drift 

■  85kHz  Gain-Bandwidth-Product 

■  0.04V/^s  Slew  Rate 

■  Single  Supply  Operation 

Input  Voltage  Range  Includes  Ground 
Output  Swings  to  Ground  while  Sinking  Current 
No  Pull  Down  Resistors  are  Needed 

■  Output  Sources  and  Sinks  5mA  Load  Current 

APPUCATIOnS 

■  Battery  or  Solar  Powered  Systems 

Portable  Instrumentation 
Remote  Sensor  Amplifier 
Satellite  Circuitry 

■  Micropower  Sample  and  Hold 

■  Thermocouple  Amplifier 

■  Micropower  Filters 


DCSCRIPTIOn 

The  LT1178  is  a  micropower  dual  op  amp  in  the  standard 
8-pin  configuration;  the  LT1179  is  a  micropower  quad  op 
amp  offered  in  the  standard  14-pin  packages.  Both  devices 
are  optimized  for  single  supply  operation  at  5V.  Specifica- 
tions are  also  provided  at  ±  15V  supplies. 

The  extremely  low  supply  current  is  combined  with  true 
precision  specifications:  offset  voltage  is  30>V,  offset  cur- 
rent is  50pA.  Both  offset  parameters  have  low  drift  with 
temperature.  The  1.5pAp-p  current  noise  and  picoampere 
offset  current  permit  the  use  of  megaohm  level  source  re- 
sistors without  introducing  serious  errors.  Voltage  noise, 
at  0.9/iVp-p,  is  remarkably  low  considering  the  low  supply 
current. 

Both  the  LT1178  and  LT1179  can  be  operated  from  a  single 
supply  (as  low  as  one  lithium  cell  or  two  Ni-cad  batteries). 
The  input  range  goes  below  ground.  The  all-NPN  output 
stage  swings  to  within  a  few  millivolts  of  ground  while 
sinking  current— no  power  consuming  pull  down  resistors 
are  needed. 

For  applications  where  three  times  higher  supply  current 
is  acceptable,  the  micropower  LT1077  single,  LT1078  dual 
and  LT1079  quad  are  recommended.  The  LT1077/78/79 
have  significantly  higher  bandwidth,  slew  rate;  lower  volt- 
age noise  and  better  output  drive  capability. 


Self-Buffered,  Dual  Output,  Micropower  Reference 


Supply  Current  vs  Temperature 


VS=5 

',0V 

1.5V  

_VS=± 

'  =0  1%  FILM  RESISTORS 
TOTAL  BATTERY  CURRENT  =  2M 

OUTPUT  ACCURACY  =  ±0  4%  MAX 
TEMPERATURE  COEFFICIENT  =  20ppm/°C 

LOAD  REGULATION  =  2Sppm/mA.  I L  :=SmA  V  *  *  5V 
LINE  REGULATION  =  10ppm/V 


-50     -25       0       25      50      75  100 
TEMPERATURE  CC) 
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LT1178/LT1179 


rbsolutc  mnximum  rrtirgs 


Supply  Voltage  ±22V 

Differential  Input  Voltage  ±30V 

Input  Voltage   Equal  to  Positive  Supply  Voltage 

 5V  Below  Negative  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 


Operating  Temperature  Range 

LT1178I/LT1179I   -40°Cto85°C 

LT11 78C/LT11 78S/LT11 79C/LT11 79S   0°C  to  70°C 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  MFORfflRTIOR 


ORDER  PART 
NUMBER 


LT1178ACH 
LT1178CH 


OUTPUT  A  ^ 
+  IN 


^ OUTPUT  I 
TJ-IN  B 
TJ+INB 


ORDER  PART 
NUMBER 


LT1178ACJ8 

LT1178CJ8 

LT1178ACN8 

LT1178CN8 

LT1178IN8 


ORDER  PART 
NUMBER 


LT1179ACJ 

LT1179CJ 

LT1179ACN 

LT1179CN 

LT1179IN 


ijj]  NC 

jH  NC 

13  v  + 

jU  OUTPUT  B 

12J  -  in  a 

n]  +1NB 

io]  NC 

9]  NC 


ORDER  PART 
NUMBER 


LT1178S 


|H  OUTPUT D 

-IND 
H]  +IND 

Iv- 

|2|  +INC 

n]  -we 

jo]  OUTPUT  C 
9]  NC 


ORDER  PART 
NUMBER 


LT1179S 


€  LCCTRIC  RL  CHRRRCT€  RISTICS  Vs  =  5V,  0V,  VCM  =  0.1V,  V0= 1.4V,  TA= 25°C,  unless  noted. 


SYMBOL 

PARAMETER                    I    CONDITIONS  (NOTE  1) 

UNITS 

Vos 

Input  Offset  Voltage 

LT1178 
LT1179 
LT1178S 
LT1179S 

30  70 
35  100 

40  120 
40  150 
80  450 
90  600 

„V 

„v 

fV 

„v 

AV0S 

ATime 

Long  Term  Input  Offset 
Voltage  Stability 

0.5 

0.6 

los 

Input  Offset  Current 

0.05  0.25 

0.05  0.35 

nA 

!b 

Input  Bias  Current 

3  5 

3  6 

nA 

Input  Noise  Voltage 

0.1Hz  to  10Hz  (Note  2) 

0.9  2.0 

0.9 

fVp-p 

Input  Noise  Voltage  Density 

f„  =  10Hz(Note2) 
fo=1000Hz(Note2) 

50  75 
49  65 

50 
49 

nV/VHz 
nV/VHz 

i„ 

Input  Noise  Current 

0.1Hzto10Hz(Note2) 

1.5  2.5 

1.5 

pAp-p 

Input  Noise  Current  Density 

fo=10Hz(Note2) 
f„= 1000Hz 

0.03  0.07 
0.01 

0.03 
0.01 

pA/VRz 
pAKffz 

Input  Resistance 
Differential  Mode 
Common-Mode 

(Note  3) 

0.8  2.0 
12 

0.6  2.0 
12 

Gil 
GG 

Input  Voltage  Range 

3.5  3.9 
0  -0.3 

3.5  3.9 
0  -0.3 

V 
V 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM  =  0Vto3.5V 

93  103 

90  102 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs  =  2.2V  to  12V 

94  104 

92  104 

dB 

UchnSloB 
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LT1178/LT1179 


€l€CTRICAl  CHARACTERISTICS  VS = 5V,  OV,  VCM  =  0.1  V,  V0  =  1.4V,  TA = 2S°C,  unless  noted. 


LT1178AC/1179AC 

LT1178I/C/S/1179I/C/S 

SYMBOL 

PARAMETER 

CONDITIONS  (NOTE  1) 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Avol 

Large  Signal  Voltage  Gain 

V0  =  0.03V  to  4V,  No  Load  (Note  3) 

140 

700 

110 

700 

V/mV 

Vo  =  0.03V  to  3.5V,  RL  =  50k 

80 

200 

70 

200 

V/mV 

Maximum  Output  Voltage 

Output  Low,  No  Load 

6.5 

9 

6.5 

9 

mV 

Swing 

Output  Low,  2k  to  GND 

0.2 

0.6 

0.2 

0.6 

mV 

Output  Low,  lS|NK  =  100/iA 

120 

160 

120 

160 

mV 

Output  High,  No  Load 

4.2 

4.4 

4.2 

4.4 

V 

Output  High,  2k  to  GND 

3.5 

3.8 

3.5 

3.8 

V 

SR 

Slew  Rate 

Av=  +1,CL=10pF(Note3) 

0.013 

0.025 

0.013 

0.025 

VfcS 

GBW 

Gain  Bandwidth  Product 

f0<5kHz 

60 

60 

kHz 

Is 

Supply  Current  per  Amplifier 

13 

18 

14 

21 

* 

Vs=±1.5V,Vo=0V 

12 

17 

13 

20 

Channel  Separation 

AV|N  =  3V.  RL=10k 

130 

130 

dB 

Minimum  Supply  Voltage 

(Note  4) 

2.0 

2.2 

2.0 

2.2 

V 

€ LECTRICRl  CHARACTERISTICS  Vs  =  5V,  OV,  VCM  =  0.1  V,  V0  =  1 .4V,  40  C  <  TA  <  85  C  for  I  grades, 
0  C  <  TA  <  70  C  for  S  grades,  unless  noted.  (Note  6) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1178I/1179I 
MIN    TYP  MAX 

LT1178S/1179S 
MIN    TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1178 
LT1179 

80  315 
80  345 

120  650 
130  800 

„v 

AVosMT 

Input  Offset  Voltage  Drift 

(Note  5) 

0.6  3.0 

0.8  4.5 

los 

Input  Offset  Current 

0.07  0.7 

0.06  0.50 

nA 

la 

Input  Bias  Current 

4  8 

3  7 

nA 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM  =  0.05V  to  3.2V  I  grade 
VCM  =  0V  to  3.4V  S  grade 

84  98 

86  100 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs=3.0Vto12Vlgrade 
Vs  =  2.5V  to  12V  S  grade 

86  100 

88  102 

dB 

AV0L 

Large  Signal  Voltage  Gain 

V0  =  0.05V  to  4V,  No  Load  (Note  3) 
Vq  =  0.05V  to  3.5V,  Rl  =  50k 

55  350 
35  130 

80  500 
45  160 

V/mV 
V/mV 

Maximum  Output  Voltage 
Swing 

Output  Low,  No  Load 
Output  Low,  lS|NK=1O0/iA 
Output  High,  No  Load 
Output  High,  2k  to  GND 

9  13 
160  220 
3.9  4.2 

3.0  3.7 

8  11 
140  190 

4.1  4.3 
3.3  3.8 

mV 
mV 
V 
V 

Is 

Supply  Current  per  Amplifier 

15  27 

15  24 

«A 

IECTRIC  At  CHARACTERISTICS  Vs  =  5V,  0V,  VCM  =  0.1  V,  V0  =  1.4V,  0°C<TA<70°C,  unless  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1178AC/1179AC 
MIN    TYP  MAX 

LT1178C/1179C 
MIN    TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1178 
LT1179 

50  170 
60  200 

65  250 
70  290 

fV 
eV 

AV0S/AT 

Input  Offset  Voltage  Drift 

(Note  5) 

0.5  2.2 

0.6  3.0 

/■V/°C 

los 

Input  Offset  Current 

0.06  0.35 

0.06  0.50 

nA 

Ib 

Input  Bias  Current 

3  6 

3  7 

nA 

CMRR 

Common-Mode  Rejection 
Ratio 

VCM  =  0Vto3.4V 

90  101 

86  100 

dB 

PSRR 

Power  Supply  Rejection 
Ratio 

Vs  =  2.5V  to  12V 

90  102 

88  102 

dB 

AVOL 

Large  Signal  Voltage  Gain 

V0 = 0.05V  to  4V,  No  Load  (Note  3) 
V0  =  0.05V  to  3.5V,  RL  =  50K 

105  500 
55  160 

80  500 
45  160 

V/mV 
V/mV 

Maximum  Output  Voltage 
Swing 

Output  Low,  No  Load 
Output  Low,  lS|NK  =  100nA 
Output  High,  No  Load 
Output  High,  2k  to  GND 

8  11 
140  190 

4.1  4.3 

3.3  3.8 

8  11 
140  190 

4.1  4.3 

3.3  3.8 

mV 
mV 
V 
V 

Is 

Supply  Current  per  Amplifier 

14  21 

15  24 

«A 
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LT1178/LT1179 


€l€CTRICRl  CHRRRCT€RISTICS  Vs=  ±  15V, TA  =  25°C,  unless  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1178AC/1179AC 
MIN      TYP  MAX 

LT1178I/C/S/1179I/C/S 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1178S 
LT1179S 

80 

350 

100 
150 
160 

480 

900 
1050 

cV 
,V 

uV 

. 

'OS 

Input  Offset  Current 

0.05 

0.25 

0.05 

0.35 

nA 

la 

Input  Bias  Current 

3 

5 

3  6 

nA 

Input  Voltage  Range 

13.5 
-15.0 

13.9 
-15.3 

13.5 
-15.0 

13.9 
-15.3 

V 
V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  + 13.5V,  -15V 

97 

106 

94 

106 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  5V,0Vto±18V 

96 

112 

94 

112 

dB 

AVOL 

Large  Signal  Voltage  Gain 

Vo=±10V,RL  =  50k 
Vo=±10V,NoLoad 

300 
600 

1200 
2500 

250 
400 

1000 
2500 

V/mV 
V/mV 

VOUT 

Maximum  Output  Voltage  Swing 

RL=50k 
RL=2k 

+  13.0 
±11.0 

±14.2 
±12.7 

±13.0 
±11.0 

±14.2 
±12.7 

V 
V 

SR 

Slew  Rate 

Av=+1 

0.02 

0.04 

0.02 

0.04 

V/pS 

GBW 

Gain  Bandwidth  Product 

f0<5kHz 

85 

85 

kHz 

Is 

Supply  Current  per  Amplifier 

16 

21 

17 

25 

€  UECTRICfll  CHARACTERISTICS  Vs  =  ±15V,  40  C  <  TA  <  85  C  for  I  grades,  0  C  <  TA  <  70  C  for  S  grades, 
unless  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1 1781/1 1791 
TYP  MAX 

LT1178S/1179S 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

LT1178 
LT1179 

130 
130 

740 
740 

190 
200 

1150 
1300 

/■V 
eV 

aVqs/at 

Input  Offset  Voltage  Drift 

(Note  5) 

0.7 

4.0 

0.9 

5.5 

fll'C 

tas 

Input  Offset  Current 

0.07 

0.7 

0.06 

0.35 

nA 

In 

Input  Bias  Current 

4  8 

3 

7 

nA 

AVOL 

Large  Signal  Voltage  Gain 

V0=±10V,RL  =  50k 

100 

500 

150 

750 

WmV 

CMRR 

Common-Mode  Rejection  Ratio 

VCM=  +13V,  -14.9V 

88  103 

91 

104 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  5V,0Vto±18V 

88  109 

91 

110 

dB 

Maximum  Output  Voltage  Swing 

RL  =  5k 

±11.0 

±13.5 

±11.0 

±13.5 

V 

Is 

Supply  Current  per  Amplifier 

19 

30 

18 

28 

pA 

LCCTRICRL  CHARACTERISTICS  vs= 

+  15V,  0°C  <TA  <  70°C,  unless  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1178AC/1179AC 
MIN      TYP  MAX 

LT1178C/1179C 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

100 

480 

130  660 

«v 

AV0S/AT 

Input  Offset  Voltage  Drift 

(Note  5) 

0.6 

2.8 

0.7 

4.0 

fvre 

los 

Input  Offset  Current 

0.06 

0.35 

0.06 

0.35 

nA 

k 

Input  Bias  Current 

3 

6 

3 

7 

nA 

Avol 

Large  Signal  Voltage  Gain 

V0=  ±10V,RL=50k 

200 

800 

150 

750 

V/mV 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  13V,  -15V 

94 

104 

91 

104 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  5V,0Vto±18V 

93 

110 

91 

110 

dB 

Maximum  Output  Voltage  Swing 

RL  =  5k 

±11.0 

±13.6 

±11.0 

±13.6 

V 

Is 

Supply  Current  per  Amplifier 

17 

24 

18 

28 

Note  3:  This  parameter  is  guaranteed  by  design  and  is  not  tested. 
Note  4:  Power  supply  rejection  ratio  is  measured  at  the  minimum  supply 
voltage.  The  op  amps  actually  work  at  1 JV  supply  but  with  a  typical  offset 
skew  of  -300u.V. 

Note  5:  This  parameter  is  not  100%  tested. 

Note  6:  During  testing  at  -40°C,  the  5V  power  supply  turn  on  time  is  less 
than  0.5  seconds. 


The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Typical  parameters  are  defined  as  the  60%  yield  of  parameter 
distributions  of  individual  amplifiers;  i.e.,  out  of  100  LT1 1 79s  (or  100 
LT1 178s)  typically  240  op  amps  (or  1 20)  will  be  better  than  the  indicated 
specification. 

Note  2:  This  parameter  is  tested  on  a  sample  basis  only.  All  noise 
parameters  are  tested  with  Vs  =  ±2.5,  V0  =  0V. 
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TVPICflL  P€RFORmnnC€  CHRRRCT6RISTICS 


Input  Offset  Voltage  Distribution 
N,  J, H  Package 


980 

LT1178N8 

190 

LT1178J8 

190 

LT1178H8 

702 

LT1179N 

144 

LT1179J 

6104 

OP  AMPS 

TESTED 

- 


Vs=5V,0V 
Ta=25°C 


-100     -50       0       50  100 
OFFSET  VOLTAGE  (/jV) 


Input  Offset  Voltage  Distribution 
Surface  Mount  Package 


VS=5V,0V 
TA=25°C 


1  1  

262  LT1178S 
342  LT1179S 
1892  OP  AMPS 
TESTED 


_L  


-400    -200       0      200  400 
OFFSET  VOLTAGE  (/iV) 


Minimum  Supply  Voltage 


100 

0 

I 

t 

X 

100 

CO 

ag; 

-200 

o 

> 

-300 

o 

-400 

500 

V 

85»C 

f 

>5°C 

40°C 

NON- 

FUNCT 

ONAL 

1  2  3 

POSITIVE  SUPPLY  VOLTAGE  (V) 


0.1  Hz  to  10Hz  Noise 


0.01  Hz  to  10Hz  Noise 


jiJjL 

ALillLiJi  J 

VS=+2'.5V,  TA  =25°C 
ill,,  Jjiiliillliii  Jl 

■  v>r  1  

!  J.,11.,1    1  J. 

*  -  •  »rr  "  r'  1 

Uwl  liul  .Ul  i.  > 

0        20       40       60       80      100  120 
TIME  (SECONDS) 


1  10  100 

FREQUENCY  (Hz) 
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TYPICfil  P€RFORmnnC€  CHARfiCT€RISTICS 


Voltage  Gain  vs  Frequency 


Gain,  Phase  vs  Frequency 


Voltage  Gain  vs  Load  Resistance 


Ta 

=25° 

-±15 

/  

Vs 

=sv, 

ov 

-10 


0.001  0.01  0.1     1     10  100    1k  10k  100k  1M  10k 
FREQUENCY  (Hz) 


- 

Ta 

I 

=25°C 

, PHASE 
j/  +15V 

P 

5\ 

1A 

1, 

S 

_  GAI 
5V.0 

>K 

\> 

'  \ 

V 

pa 

+15V 
I 

V 

100k 
FREQUENCY  (Hz) 


1M 


10k  100k  1M 

LOAD  RESISTANCE  TO  GROUND  (Q) 


Capacitive  Load  Handling 


II 

ov 

1 

/ 

Ay=+b S 

|'Av= 

+10 

I 

10  100  1000  10.000 

CAPACITIVE  LOAD  (pF) 


Small  Signal  Transient  Response 
VS=±2.5V 


20,.s/DIV 
Av=  +1,  Cl=  12pF 


Large  Signal  Transient  Response 
VR=+15V 


1 

m 

■HH 

■■1 

■ 

HUES 

SOO^sfDIV 
Av=  +1,Cl  =  12pF 


Small  Signal  Transient  Response 
VS=±15V 


20,s/DIV 
Av=  +1,CL=12pF 


Large  Signal  Transient  Response 
VS=5V,0V 


100(iS/DIV 
INPUT  PULSE  =  OVTO  3.8V 
Av=+1,Ci=12pF 


Small  Signal  Transient  Response 
VS  =  5V,0V 


20,s/DIV 

Av=  +1,CL=12pF,INPUT50TO150mV 
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TYPICAL  PCRFOftfllAACC  CHARACT€RISTICS 


Common  Mode  Rejection  Ratio  vs 
Frequency 


Vs=±15\ 

Vs 

=5V,0V 

Ta 

25°C 

1        10       100       1k       10k  100k 
FREQUENCY  (Hz) 


Power  Supply  Rejection  Ratio  vs 
Frequency 


120 

;  100 

:  80 

j  60 
40 
20 


posh 

VSUPP 

!VE 

LY 

NE 

GATIVE 
UPPLY 

vs=±; 

TA=25 

.5V  +  ivp-p  sir 

°c 

EWAV 

10  100  1k 
FREQUENCY  (Hz) 


10k  100k 


Closed  Loop  Output  Impedance 


_ACL 

=100 

Agl 

=+1 

=1»; 

V 

5=5V, 

=0 

=25° 

)V 

— 1 1 

T; 

100         1k  10k 
FREQUENCY  (Hz) 


100k 


APPUCATIOftS  lAFORfflATIOn 

Please  see  the  LT1078/LT1079  data  sheet  for  applications  single  supply  operation  and  phase  reversal  protection  are 
information.  All  comments  relating  to  specifications,     directly  applicable  to  the  LT1178/LT1179. 


Micropower  100Hz  to  1  MHz  V-to-F  Converter 
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LT1178/LT1179 

SimPUFI€DSCH€mRTIC 

1/2LT1178 
1/4LT1179 

V+ 
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OP-270/OP-470 


TECHNOLOGY  Dual/Quad  Low  Noise, 

Precision  Operational  Amplifiers 


KflTURCS 

■  Low  Noise 

■  Input  Offset  Voltage 

■  Low  Offset  Voltage  Drift 

■  Very  High  Gain 

■  Outstanding  CMRR 

■  Slew  Rate 

■  Gain  Bandwidth  Product 

■  Industry  Standard  Pinouts 

RPPUCATIOnS 


5nV/VRz@1kHz  Max 
OP-270:  75|iV  Max 
OP-470: 400u.V  Max 
OP-270: 1u,V/°C  Max 
OP-470:  2|iV/°C  Max 
OP-270: 1500V/mVMin 
OP-470: 1000V/mVMin 
OP-270: 106dBMin 
OP-470: 110dBMin 
3.0V/u.s  Typ 
6MHzTyp 


Two  and  Three  Op  Amp  Instrumentation  Amplifiers 
Low  Noise  Signal  Processing 
Microvolt  Accuracy  Threshold  Detection 
Strain  Gauge  Amplifiers 
Accelerometer  Amplifiers 
Infrared  Detectors 


D€SCRIPTIOn 

The  OP-270  dual  and  OP-470  quad  are  high  performance 
op  amps  with  80nVp-p  noise,  f  rom  0.1  Hzto  1 0Hz ,  offering 
comparable  performance  to  the  industry  standard  OP-27. 

The  OP-270  (OP-470)  feature  input  offset  voltage  below 
75iiV  (400p.V)  and  offset  drift  under  1u.V/°C  (2nV/°C), 
guaranteed  overthefull  military  temperature  range.  Open- 
loop  gain  of  the  OP-270  (OP-470)  is  over  1 .5  million  (1 .0 
million)  into  a  1 0kQ  load  ensuring  excellent  gain  accuracy 
and  linearity,  even  in  high-gain  applications.  Input  bias 
current  is  under+20nA  (±25nA)  which  reduces  errors  due 
to  signal  source  resistance.  The  OP-270's  (OP-470's) 
CMRR  of  over  106dB  (110dB)  and  PSRR  of  less  than 
3.2u.WV  (1 .8u.V/V)  significantly  reduce  errors  due  to  ground 
noise  and  power  supply  fluctuations.  Power  consumption 
of  the  dual  OP-270  (quad  OP-470)  is  one-third  less  than 
two  (four)  OP-27's,  a  significant  advantage  for  power 
conscious  applications.  The  OP-270  and  OP-470  are  unity- 
gain  stable  with  a  gain  bandwidth  product  of  6MHz  and  a 
slew  rate  of  3.0V/u,s. 

For  applications  requiring  higher  performance,  see  the 
LT1124  and  LT1125  data  sheets. 


Strain  Gauge  Signal  Conditioner  with  Bridge  Excitation 

+15V 


0.1Hz  to  10Hz  Voltage  Noise 


350Q. 
BRIDGE 


7-     -  0VTO10V 
' OUTPUT 


TIME  (s) 


OP-270/.I70.TA02 


RN60C  FILM  RESISTORS 
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rbsolut€  mnximum  rrtirgs 

Supply  Voltage  +18V 

Differential  Input  Voltage  (Note  4)  +1 ,0V 

Differential  Input  Current  (Note  4)  ±25mA 

Input  Voltages  Equal  to  Supply  Voltages 

Output  Short  Circuit  Duration  Indefinite 


Operating  Temperature  I 

OP270A/OP470A  -55°C  to  125°C 

OP270E/OP470E 

OP270G/OP470G  -40°C  to  85°C 

Storage  Temperature  Range 

All  Grades  -65  C  to  150  C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  IflFORmfiTIOn 


OUT  A  [J 


J8  PACKAGE 
8-LEAD  CERAMIC  DIP 

N8  PACKAGE 
8-LEAD  PLASTIC  DIP 

OP270M70-POI03 


J  PACKAGE 
14-LEAD  CERAMIC  DIP 

N  PACKAGE 
14-LEAD  PLASTIC  DIP 


TOP  VIEW 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


OP27C470  ■  POIOl 


ORDER  PART 
NUMBER 


ORDER  PART 
NUMBER 


ORDER  PART 
NUMBER 


OP-270AJ8 
OP-270EJ8 
0P-270GN8 


OP-470AJ 
OP-470EJ 
OP-470GN 


OP-470GS 


CICCTRICfil  CHRRRCTCRISTICS  Vs  =  +15V,  TA  =  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

OP-270A/E 
MIN     TYP  MAX 

OP-470A/E 
MIN    TYP  MAX 

OP-270G 
OP-470G 
MIN    TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

OP-270 
OP-470 

10  75 

100  400 

50  250 
400  1000 

uV 

H.V 

los 

Input  Offset  Current 

OP-270  VCM  =  0V 
OP-470  VCM  =  0V 

5  15 

6  20 

6  20 
12  30 

nA 
nA 

lg 

Input  Bias  Current 

VCM  =  0V 

±7  ±20 

±7  ±25 

±15  ±60 

nA 

en  P-P 

Input  Noise  Voltage 

0.1Hz  to  1 0Hz  (Note  1 ) 

80  200 

80  200 

80  200 

nVp-p 

en 

Input  Noise  Voltage  Density 

f0=  10Hz  (Note  2) 
f0  =  100Hz  (Note  2) 
f0  =  1000Hz  (Note  2) 

3.6  6.5 
3.2  5.5 
3.2  5.0 

3.6  6.5 
3.2  5.5 
3.2  5.0 

3.6  6.5 
3.2  5.5 
3.2  5.0 

nV/VHz 
nV/VHz 
riV/VHz 
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€l€CTRieni  CHRRRCT€RISTICS  VS  =  ±15V  ,TA=  25  °C  .unless  otherwise  noted. 


"sYMRfll 

O  1  ifluUL 

PARAMETER 

CONDITIONS 

OP-270A/E 
MIN     TYP  MAX 

OP-470A/E 
MIN     TYP  MAX 

OP-270G 
OP-470G 
MIN    TYP  MAX 

UNITS 

•S 

Innnt  KlniQP  Pnrrpnt  HpnQitv/ 

lllpUl  IMUI3G  UUIICIIl  UCMouy 

f  0  =  1 0Hz 
f0  =  100Hz 
f0  =  1000Hz 

1.5 
0.5 
0.4 

1.5 
0.5 
0.4 

1.5 
0.5 
0.4 

pA/VHz 
pA/vHz 
pA/v'Hz 

AV0L 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,RL  =  10kQ 
V0UT  =  ±10V,  RL  =  2kQ 

1500  5000 
750  2000 

1000  5000 
500  2000 

800  2000 
400  1000 

V/mV 
V/mV 

VCM 

Input  Voltage  Range 

(Note  3) 

±12  ±12.5 

±12  ±12.5 

±12  ±12.5 

V 

VouT 

Output  Voltage  Swing 

RL  >  2kfi 

±12  ±13.5 

±12  ±13.5 

±12  ±13.5 

V 

CMRR 

Common  Mode 
Rejection  Ratio 

VCM  =  ±12V 

106  125 

110  125 

100  120 

dB 

PSRR 

Power  Supply 
Rejection  Ratio 

Vs  =  ±4.5Vto±18V 

0.56  3.2 

0.56  1.8 

1.0  5.6 

U.V/V 

SR 

Slew  Rate 

1.7  3.0 

1.7  3.0 

1.7  3.0 

V/ns 

Is 

Supply  Current 

OP-270  No  Load 
OP-470  No  Load 

4.5  6.5 

9.0  11.0 

4.0  6.5 
9.0  11.0 

mA 
mA 

GBW 

Gain  Bandwidth  Product 

Av  =  +10 

6 

6 

6 

MHz 

CS 

Channel  Separation 

VOUT  =  20Vp-p,fo  =  10Hz 
(Note  1) 

125  175 

125  175 

125  175 

dB 

ClN 

Input  Capacitance 

3 

3 

3 

PF 

€l€CTRICRl  CHRRRCT6RISTICS  vs  =  ±15V,  -55°C  <  TA  <  125°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

OP-270A 
MIN     TYP  MAX 

OP-470A 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

30  175 

140  600 

u.V 

AVqs 
ATemp 

Average  Input  Offset  Voltage  Drift 

0.2  1.0 

0.4  2.0 

HV/°C 

los 

Input  Offset  Current 

VCM  =  0V 

10  45 

10  55 

nA 

Is 

Input  Bias  Current 

VCM  =  0V 

±15  ±60 

±15  ±50 

nA 

AyOL 

Large  Signal  Voltage  Gain 

RL>10k£i.  VOUT  =  ±10V 
RL>2kQ.  VOUT  =  ±10V 

750  3000 
400  1500 

750  3000 
400  1500 

V/mV 
V/mV 

VCM 

Input  Voltage  Range 

(Note  3) 

±11  ±12 

±11  ±12 

V 

VOUT 

Output  Voltage  Swing 

RL>2kn 

±12  ±13 

±12  ±13 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±11V 

100  120 

100  120 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±4.5V  to  ±18V 

1.0  5.6 

1.0  5.6 

uV/V 

Is 

Supply  Current  All  Amplifiers 

No  Load 

5.0  7.5 

10  13 

mA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  Note  3:  This  parameter  is  guaranteed  by  the  CMRR  test, 

temperature  range.  Note  4:  The  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 

Note  1 :  This  parameter  is  guaranteed  but  not  1 00%  tested.  resistors  are  not  used  in  order  to  achieve  low  noise.  If  differential  input 

Note  2:  This  parameter  is  sample  tested  only.  voltage  exceeds  ±1 .4V,  the  input  current  should  be  limited  to  25mA. 
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OP-270/OP-470 


€l€CTRICfll  CHRRRCT€RISTICS  Vs  =  mm,  -40°C  <  TA<  85°C,  unless  otherwise  noted. 


PARAMETER 

r  nnnniL  il.ii 

CONDITIONS 

OP-270E 
MIN    TYP  MAX 

OP-470E 
MIN    TYP  MAX 

OP-270G 
OP-470G 
MIN    TYP  MAX 

UNITS 

V0S 

1  n nut  Offc;pt  Vnltanp 
iii|jul  vjiioci  uuiiayc 

OP-270 
OP-470 

* 

25  150 

120  500 

100  400 
500  1500 

LlV 

jiV 

AVos 

ATemp 

Average  Input  Offset 
Voltage  Drift 

OP-270 
OP-470 

* 

0.2  1.0 

0.4  2.0 

0.7  3.0 
2.0 

pV/°C 
u.V/°C 

Innut  flffcpt  Purrpnt 

VCM  =  0V 

15  30 

17  20 

17  50 

nA 

k 

Input  Bias  Current 

Vcm  =  OV 

±15  ±60 

±17  ±50 

±18  ±75 

nA 

AVOL 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,  RL>10kf2 
V0UT  =  ±10V,  RL>2kQ 

mnn  on/in 

1  uuu  ^.uuu 
500  1000 

oUU  iUUU 
400  1000 

OUU  IjUU 
300  800 

v/rnv 
V/mV 

VCM 

Input  Voltage  Range 

(Note  3) 

±11  ±12 

±11  ±12 

±11  ±12 

V 

VOUT 

Output  Voltage  Swing 

RL>2kQ 

±12  ±13 

±12  ±13 

±12  ±13 

V 

CMRR 

Common  Mode 
Rejection  Ratio 

VCM  =  ±11V 

100  120 

100  120 

90  110 

dB 

PSRR 

Power  Supply 
Rejection  Ratio 

Vs  =  ±4.5Vto±18V 

0.7  5.6 

0.7  5.6 

1.8  10 

uV/V 

Is 

Supply  Current  All 
Amplifiers 

OP-270  No  Load 
OP-470  No  Load 

4.8  7.2 

9.6  13 

4.8  7.2 
9.6  13 

mA 
mA 
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SECTION  2— AMPLIFIERS 


HIGH  SPEED  AMPLIFIERS 

LT1190,  Ultra  High  Speed  Operational  Amplifier  (Av>  1)  2-126 

LT1191,  Ultra  High  Speed  Operational  Amplifier  (Av>  1)  2-137 

LT1192,  Ultra  High  Speed  Operational  Amplifier  (Av>  5)  2-148 

LT1193,  Video  Difference  Amplifier,  Adjustable  Gain  2-159 

LT1194,  Video  Difference  Amplifier,  Gain  of  10  2-171 

L 11200,  Low  Power  High  Speed  Operational  Amplifier  2-1 82 

L 11217,  Low  Power  High  Speed  Current  Feedback  Amplifier  2-1 90 

L11220,  Very  High  Speed  Operational  Amplifier  (Av>  1)  2-198 

L 11221,  Very  High  Speed  Operational  Amplifier  (Av>4)  2-21 0 

L11222,  Low  Noise,  Very  High  Speed  Operational  Amplifier  (Av>  10)  2-218 

L 11223,  100MHz  Current  Feedback  Amplifier  2-226 

L 11224,  Very  High  Speed  Operational  Amplifier  (Av>  1)  2-237 

L11225,  Very  High  Speed  Operational  Amplifier  (Av>  5)  2-245 

L 11226,  Low  Noise  Very  High  Speed  Operational  Amplifier  (Av>  25)  2-253 

L11227,  140MHz  Video  Current  Feedback  Amplifier  13-65 

L 11228,  100MHz  Current  Feedback  Amplifier  with  DC  Gain  Control  2-261 

L11229/L11230,  Dual  and  Quad  100MHz  Current  Feedback  Amplifiers  2-280 
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TECHNOLOGY 


  LT1190 

Ultra  High  Speed 
Operational  Amplifier 


F€flTUR€S  DCSCRIPTIOfl 

■  Gain  Bandwidth  Product,  Av  =  +1  50MHz    The  LT1 190  is  a  video  operational  amplifier  optimized  for 

■  Slew  Rate  450V/u.s    operation  on  ±5V,  and  a  single  +5V  supply.  Unlike  many 

■  Low  Cost  high  speed  amplifiers,  this  amplifier  features  high  open 

■  Output  Current  ±50mA    loop  gain,  over  85dB,  and  the  ability  to  drive  heavy  loads 

■  Settling  Time  140ns  to  0.1%     to  a  full  power  bandwidth  of  20MHz  at  7Vp-p.  In  addition 

■  Differential  Gain  Error  0.1%,  (Rl  =  1k)    to  its  very  fast  slew  rate,  the  LT1 190  features  a  unity  gain 

■  Differential  Phase  Error  0.06°,  (RL  =  1k)    stable  bandwidth  of  50MHz,  and  a  75°  phase  margin, 

■  High  Open  Loop  Gain  15V/mVMin    making  it  extremely  easy  to  use. 

I  0  to^sSoOT  0Perati°n  Because  the  LT1 1 90  is  3  true  0perati0nal  amplifier'  jt is  an 

u  pu  ideal  choice  for  wideband  signal  conditioning,  fast  inte- 

OOOI  irononc  grators,  active  filters,  and  applications  requiring  speed, 

Ml  I  UU1 1  l\Jl  n  accuracy,  and  low  cost. 

■  Video  Cable  Drivers  Tne  LT1190  ;§  available  in  8-pin  miniDIPs  and  SO  pack- 

■  Video  Signal  Processing  ages  wjth  standard  pinouts.  The  normally  unused  pin  5  is 

■  Fast  Integrators  use(j  for  a  shutdown  feature  that  shuts  off  the  output  and 

■  Pulse  Amplifiers  reduces  power  dissipation  to  a  mere  15mW. 

■  D/A  Current  to  Voltage  Conversion 


Video  MUX  Cable  Driver 

*5V 
1.7 


Inverter  Pulse  Response 


CMOS  IN 
CH.  SELECT 


ikn  ikn 
j-VW    i  VW 


Av  =  -1.  Cl=  1 0pF  SCOPE  PROBE 


LTI190-TAD1 
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LT1190 


absolute  maximum  rrtiogs 

Total  Supply  Voltage  (V  +  toV~)  18V 

Differential  Input  Voltage  +6V 

Input  Voltage  ±VS 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Junction  Temperature  Range 

LT1190M  -55  C  to150  C 

LT1190C  0  C  to  150  C 

Max.  Junction  Temperature  See  Pkg.  Descriptions 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


BAL  [T 
-IN  [7 

+IN 

v-  Ll 

TOP  VIEW 

T\  BAL 

7]  v* 

T\  OUT 
T\  S/D 

ORDER  PART 
NUMBER 

LT1190MJ8 
LT1190CJ8 
LT1190CN8 
LT1190CS8 

J8  PACKAGE             N8  PACKAGE 

8-LEAD  HERMETIC  DIP  8-LEAD  PLASTIC  DIP 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

LTI180-POI01 

S8  PART  MARKING 

1190 

€l€CTRICfll  CHARACTERISTICS  vs  =  ±SV,  Tfl  =  25  C  CL  <  10pF,  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1190M/C 
TYP 

MAX 

UNITS 

Vnc 

Input  Offset  Voltage 

3.0 

10.0 

mV 

los 

Input  Offset  Current 

0.2 

1.7 

ma 

Ib 

Input  Bias  Current 

+0.5 

±2.5 

ttA 

e„ 

Input  Noise  Voltage 

f0  =  10kHz 

50 

nV/VHz 

in 

Input  Noise  Current 

f0  =  10kHz 

4.0 

pA/VHz 

Rin 

Input  Resistance 

Differential  Mode 

130 

kn 

Common  Mode 

5.0 

Mfi 

C|N 

Input  Capacitance 

Av  =  +1 

2.2 

PF 

Input  Voltage  Range 

(Note  2) 

-2.5 

+3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -  2.5V  to  +  3.5V 

60 

70 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±2.375Vto±8.0V 

60 

70 

dB 

Avol 

Large  Signal  Voltage  Gain 

RL  =  1k,  V0  =  ±3.0V 

10 

22 

V/mV 

RL=100n,  Vo  =  ±3.0V 

2.5 

6 

VS  =  ±8V,  RL  =  100n,  V0  =  ±5V 

3.5 

12 

VOUT 

Output  Voltage  Swing 

VS  =  ±5V,  RL  =  1k 

+3.7 

±4.0 

V 

VS  =  ±8V,  RL  =  1k 

+6.7 

±7.0 

SR 

Slew  Rate 

Av  =  -1,RL  =  1k,  (Note  3,  8) 

325 

450 

Vfyss 

FPBW 

Full  Power  Bandwidth 

V0  =  6Vp-p,  (Note  4) 

17.2 

23.9 

MHz 

GBW 

Gain  Bandwidth  Product 

50 

MHz 

trf.tfi 

Rise  Time,  Fall  Time 

Av  =  +50,  V0  =  ±  1.5V,  20%  to  80%,  (Note  8) 

175 

250 

325 

ns 

•r2.  'f2 

Rise  Time,  Fall  Time 

Av  =  +1 ,  V0  =  ±  1 25mV,  1 0%  to  90% 

1.9 

ns 

tpD 

Propagation  Delay 

Ay  =  +1 ,  V0  =  ±  1 25mV,  50%  to  50% 

2.4 

ns 

Overshoot 

Av  =  +1,  V0  =  ±125mV 

5 

% 

ts 

Settling  Time 

3V  Step,  0.1%,  (Note  5) 

140 

ns 

Diff  Av 

Differential  Gain 

RL  =  150Q,  Av  =  +2,  (Note  6) 

0.35 

% 

Diff  Ph 

Differential  Phase 

RL  =  150£2,  Ay  =  +2,  (Note  6) 

0.16 

Deg.  p-p 

LT1190 


€l€CTRICRl  CHRRRCTCRISTICS  vs=±5v,  ta  =  25°c,  cl<  1 


F,  pin  5  open  ( 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1190M/C 
MIN       TYP  MAX 

UNITS 

Is 

Supply  Current 

32  38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V" 

1.3  2.0 

mA 

Is/D 

Shutdown  Pin  Current 

Pin  5  at  V- 

20  50 

uA 

ton 

Turn  On  Time 

Pin  5  from  V^to  Ground,  RL  =  1  k 

100 

ns 

•off 

Turn  Off  Time 

Pin  5  from  Ground  to  V",  RL  =  1k 

400 

ns 

€l€CTRICfll  CHRRRCTCRISTICS 

Vs+  =  +5V,  Vs-  =  OV,  VCM  =  +2.5V,  TA  =  25°C,  CL  <  10pF,  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1190M/C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

3.0 

11.0 

mV 

I  OS 

Input  Offset  Current 

0.2 

1.2 

uA 

Ib 

Input  Bias  Current 

±0.5 

±1.5 

HA 

Input  Voltage  Range 

(Note  2) 

+2.0 

+3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  +2.0Vto+3.5V 

55 

70 

dB 

Avol 

Large  Signal  Voltage  Gain 

RL  =  100Q  to  Ground, 
V0  =  +1.0Vto  +3.0V 

2.5 

7.0 

V/mV 

VouT 

Output  Voltage  Swing 

RL  =  100£J  to  Ground 

Vout  High 

3.6 

3.8 

V 

Vqut  Low 

0.25 

0.4 

SR 

Slew  Rate 

Av  =  -1,  V0  =  +1Vto+3V 

250 

V/ns 

GBW 

Gain  Bandwidth  Product 

47 

MHz 

Is 

Supply  Current 

24.5 

29 

36 

mA 

Shutdown  Supply  Current 

Pin  5  at  V" 

1.2  2.0 

mA 

km 

Shutdown  Pin  Current 

Pin  5  at  V" 

20 

50 

HA 

CLCCTRICRL  CHARACTERISTICS  Vs  =  +5V,  -55°C  <  TA  <  125  C,  pin  5  open  circuit  unless  otherwise  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1190M 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

5.0 

14.0 

mV 

AVos/AT 

Input  Vos  Drift 

16 

nv/°c 

los 

Input  Offset  Current 

0.2 

2.0 

MA 

Ib 

Input  Bias  Current 

±0.5 

±2.5 

HA 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5V  to  +3.5V 

55 

70 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±5.0V 

55 

70 

dB 

Avol 

Large  Signal  Voltage  Gain 

R[_  =  1k,  V0  =  ±3.0V 

8  16 

V/mV 

RL=100Q,  V0  =  ±3.0V 

1.0 

2.5 

Vout 

Output  Voltage  Swing 

RL  =  1k 

±3.7 

±3.9 

V 

Is 

Supply  Current 

32 

38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V",  (Note  7) 

1.5  2.5 

mA 

!S/0 

Shutdown  Pin  Current 

Pin  5  at  V" 

20 

HA 
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€L€CTRICflL  CHRRnCTCRISTICS  Vs  =  ±5V,  0°C  <  TA  <  70  C.  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1190C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

3.0 

11.0 

mV 

AV0S/AT 

Input  Vos  Drift 

16 

LlV  -C 

los 

Input  Offset  Current 

0.2 

1.7 

HA 

Ib 

Input  Bias  Current 

+0.5 

±2.5 

HA 

CMRR 

Common  Mode  Rejection  Ratio 

VCy  =  -2.5V  to+3.5V 

58 

70 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±2.375Vto±5.0V 

58 

70 

dB 

AVOL 

Large  Signal  Voltage  Gain 

RL«1k,  V0  =  ±3.0V 

9 

20 

V/mV 

RL  =  ioon,v0  =  ±3.ov 

2.0 

6.0 

VouT 

Output  Voltage  Swing 

R|_  =  1k 

±3.70 

±3.9 

V 

Is 

Supply  Current 

32 

38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V",  (Note  7) 

1.4 

2.1 

mA 

IS/D 

Shutdown  Pin  Current 

Pin  5  at  V" 

20 

uA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  A  heat  sink  is  required  to  keep  the  junction  temperature  below 
absolute  maximum  when  the  output  is  shorted. 
Note  2:  Exceeding  the  input  common  mode  range  may  cause  the  output 
to  invert. 

Note  3:  Slew  rate  is  measured  between  ±  1 V  on  the  output,  with  a  ±3V 
input  step. 

Note  4:  Full  power  bandwidth  is  calculated  from  the  slew  rate  measure- 
ment: FPBW  =  SR/2rcVp. 


Note  5:  Settling  time  measurement  techniques 
Guesswork  Out  of  Settling  Time  Measurements 
1985.  Av  =  -1,  RL  =  1k. 

Note  6:  NTSC  (3.58MHz).  For  RL  =  1  k,  Diff  Av : 
Note  7:  See  Applications  section  for  shutdown 
Do  not  operate  the  shutdown  above  Tj  >  125°C. 
Note  8:  AC  parameters  are  100%  tested  on  the 
packaged  parts  (J  and  N  suffix)  and  are  sample 
SO  packaged  parts  (S  suffix). 


are  shown  in  "Take  the 
,"  EDN,  September  19, 

=  0.1%,  Diff  Ph  =  0.06°. 
at  elevated  temperatures. 

ceramic  and  plastic  DIP 
tested  on  every  lot  of  the 


Optional  Offset  Nulling  Circuit 


»5V 


INPUT  OFFSET  VOLTAGE  CAN  BE  ADJUSTED  OVER  A±150mV 
RANGE  WITH  A  1  kn  TO  1 0kQ  POTENTIOMETER. 

IT1190-TAC3 
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Input  Bias  Current  vs  Common 
Mode  Voltage 
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Input  Bias  Current  vs  Temperature 
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COMMON  MODE  VOLTAGE  (V) 

LT!  190  •  7 
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TEMPERATURE  (°C) 


Common  Mode  Voltage  vs 
Supply  Voltage 
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LT1  190  ■  TPC02 
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Equivalent  Input  Noise  Voltage  vs 
Frequency 


-TA  = 

25°C 

3 

1 

100         1k  10k 
FREQUENCY  (Hz) 


Equivalent  Input  Noise  Current  vs 
Frequency 


Supply  Current  vs  Supply  Voltage 


■c 

125 

'C 

25- 

9 

FREQUENCY  (Hz) 


2  4  6  8  10 

±SUPPLY  VOLTAGE  (V) 


tT1190-TPCO6 


Shutdown  Supply  Current  vs 
Temperature 


EE+0. 

V— , 

-VEE+ 

0.2V- 

10  =~ 

'EE> 

-50    -25     0      25     50  75 
TEMPERATURE  (°C) 


Open  Loop  Voltage  Gain  vs 
Temperature 


VS  =  ±5V 
V0  =  ±3V 

- 

1) 
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1C 

LT1190-TPC07 


-50    -25     0      25     50     75     100  125 
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Open  Loop  Voltage  Gain  vs 
Load  Resistance 


VS  =  ±5V 
V„  =  ±3V 


100  1000 
LOAD  RESISTANCE  (Q) 

LT119O-1TC09 
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TYPICAL  P€RFORmnnC€  CHRRRCT€RISTICS 


Gain  Bandwidth  Product  vs  Output  Impedance  vs 

Gain,  Phase  vs  Frequency  Supply  Voltage  Frequency 


FREQUENCY  (Hz)  ±V  SUPPLY  VOLTAGE  (V)  FREQUENCY  (Hz) 

LTllBO-TPCtO  IT1H0-TPC11  LT1  HO  •  TPC'3 


Unity  Gain  Frequency  and  Common  Mode  Rejection  Ratio  vs  Power  Supply  Rejection  Ratio  vs 

Phase  Margin  vs  Temperature  Frequency  Frequency 


TEMPERATURE  (°C)  FREQUENCY  (Hz)  FREQUENCY  (Hz) 

LT1  ISO  •  TPCI2  LTI1SO  *  TPC1*  LTIlOO-TPCtS 


Output  Short  Circuit  Current  vs  Output  Voltage  Swing  vs 

Temperature  ±  Output  Swing  vs  Supply  Voltage  Load  Resistance 


TEMPERATURE  CO  ±V  SUPPLY  VOLTAGE  (V)  LOAD  RESISTANCE  (£}) 

LT1I90-TPC16  LTM90  ■  TPC17  LTI190-TPC1B 
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TYPicni  PCRFORmnncc  chrrrctcristics 

Slew  Rate  vs  Temperature 


Output  Voltage  Step  vs 
Settling  Time,  Ay  =  -1 


Output  Voltage  Step  vs 
Settling  Time,  Av  =  +1 


Vs  =  ±5V 
Tfl  =  25° 
RL=1k£! 

-SLEW  RATE 

»< 

= 

+S 

ATE 

-50    -26      0      25     50      75     100  125 
TEMPERATURE  ft) 


LT1190-TPC19 


Large  Signal  Transient  Response 


Av=  +1,  Cl=  10pF  SCOPE  PROBE 


VS  =  ±5V 
-Ta  =  25"C- 
RL=ikn 


50     70      90     110    130     150    170  190 
SETTLING  TIME  (ns) 


LT1190-TPC2O 


0      50     100    150    200     250    300  350 
SETTLING  TIME  (ns) 


LT1190-TPC21 


Output  Overload 


■■■■■HUB 


LT1190-TPC22 


Av=-1.V,N=12Vp-p 


IT1190  ■  TPC23 


Small  Signal  Transient  Response 


Av=  +1 ,  SMALL  SIGNAL  RISE  TIME,  WITH  FET  PROBES 

LT1 590  -  TPC34 


2-132 


LT1190 


flppucmions  inFORmnnon 


Power  Supply  Bypassing 

The  LT1190  is  quite  tolerant  of  power  supply  bypassing.  In 
some  applications  a  0.1  uT  ceramic  disc  capacitor  placed 
1/2  inch  from  the  amplifier  is  all  that  is  required.  A  scope 
photo  of  the  amplifier  output  with  no  supply  bypassing  is 
used  to  demonstrate  this  bypassing  tolerance,  RL  =  1kft. 

No  Supply  Bypass  Capacitors 


Av  =  -1,INDEMO  BOARD.  RL=1kSi 


LT1190-TAM 


Supply  bypassing  can  also  affect  the  response  in  the 
frequency  domain.  It  is  possible  to  see  a  slight  1  dB  rise  in 
the  frequency  response  at  1 30MHz  depending  on  the  gain 
configuration,  supply  bypass,  inductance  in  the  supply 
leads,  and  printed  circuit  board  layout.  This  can  be  further 
minimized  by  not  using  a  socket. 

Closed  Loop  Voltage  Gain  vs  Frequency 


In  most  applications,  and  those  requiring  good  settling  time, 
it  is  important  to  use  multiple  bypass  capacitors.  A  0.1jj.F 
ceramic  disc  in  parallel  with  a  4.7u.F  tantalum  is  recom- 
mended. Two  oscilloscope  photos  with  different  bypass 
conditions  are  used  to  illustrate  the  settling  time  character- 
istics of  the  amplifier.  Note  that  although  the  output  wave- 
form looks  acceptable  at  1  V/div,  when  amplified  to  1  mV/div 
the  settling  time  to  2mV  is4.244|a.s  for  the  0.1  liF  bypass;  the 
time  drops  to  163ns  with  multiple  bypass  capacitors. 

Settling  Time  Poor  Bypass 


SETTLING  TIME  TO  2mV.Av  =  -1 
SUPPLY  BYPASS  CAPACITORS  =  0.1MF 


Settling  Time  Good  Bypass 


ov  3 

I 
< 


SETTLING  T!MET0  2mV.Av*-1 
SUPPLY  BYPASS  CAPACITORS  =  0.1nF  +  4.7(iF  TANTALUM 


XTUDSSB 
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Cable  Terminations 

The  LT1 1 90  operational  amplifier  has  been  optimized  as  a 
low  cost  video  cable  driver.  The  ±  50mA  guaranteed  out- 
put current  enables  the  LT1190  to  easily  deliver  7.5Vp-p 
into  100Q,  while  operating  on  ±5V  supplies,  or  2.6Vp-p 
on  a  single  5V  supply. 

Double  Terminated  Cable  Driver 


Cable  Driver  Voltage  Gain  vs  Frequency 


a  -1 


A 

v  =  +2 
fB=1k£2 

ikv '  44 

2S0CJI 

•fl 

F 

S 

t 

v  =  +1 
PB=  1  k£3 

-F 

-F 

[3 

r 

I 

100k  1M  10M  100M 


FREQUENCY  (Hz) 

LT1190  •  TAOS 

When  driving  a  cable  it  is  important  to  terminate  the  cable 
to  avoid  unwanted  reflections.  This  can  be  done  in  one  of 
two  ways:  single  termination  or  double  termination.  With 
single  termination,  the  cable  must  be  terminated  at  the 
receiving  end  (75Q  to  ground)  to  absorb  unwanted  en- 
ergy. The  best  performance  can  be  obtained  by  double 
termination  (75D  in  series  with  the  output  of  the  amplifier, 
and  75Q  to  ground  at  the  other  end  of  the  cable).  This 
termination  is  preferred  because  reflected  energy  is  ab- 
sorbed at  each  end  of  the  cable.  When  using  the  double 
termination  technique  it  is  importantto  note  that  the  signal 
is  attenuated  by  a  factor  of  2,  or  6dB.  This  can  be  compen- 
sated for  by  taking  a  gain  of  2,  or  6dB  in  the  amplifier.  The 
cable  driver  has  a  -3dB  bandwidth  in  excess  of  30MHz 
while  driving  the  150Q  load. 


Using  the  Shutdown  Feature 

The  LT1 1 90  has  a  unique  feature  that  allows  the  amplifier 
to  be  shutdown  for  conserving  power,  or  for  multiplexing 
several  amplifiers  onto  a  common  cable.  The  amplifier  will 
shutdown  by  taking  pin  5to  V".  In  shutdown,  the  amplifier 
dissipates  15mW  while  maintaining  a  true  high  impedance 
output  state  of  15kQ  in  parallel  with  the  feedback  resis- 
tors. The  amplifiers  must  be  used  in  a  non-inverting 
configuration  for  MUX  applications.  In  inverting  configu- 
rations the  input  signal  is  fed  to  the  output  through  the 
feedback  components.  The  following  scope  photos  show 
that  with  very  high  \,  the  output  is  truly  high  impedance; 
the  output  slowly  decays  toward  ground.  Additionally, 
when  the  output  is  loaded  with  as  little  as  1  kfi  the  amplifier 
shuts  off  in  400ns.  This  shutoff  can  be  under  the  control 
of  HC  CMOS  operating  between  OV  and  -5V. 

Output  Shutdown 


VSHUTDOWN 


1MHz  SINE  WAVE  GATED  OFF  WITH 
SHUTDOWN  PIN,  Av  =  +1.  RL=  SCOPE  PROBE 

LT1190-TMS 

Output  Shutdown 


VSHUTDOWN 


1MHz  SINE  WAVE  GATED  OFF  WITH 
SHUTDOWN  PIN.Av  =  t1,RL  =  1kSi 
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The  ability  to  maintain  shutoff  is  shown  on  the  curve 
Shutdown  Supply  Current  vs  Temperature  in  the  Typical 
Performance  Characteristics  section.  At  very  high  elevated 
temperatures  it  is  important  to  hold  the  shutdown  pin 
close  to  the  negative  supply  to  keep  the  supply  current 
from  increasing. 

Murphy  Circuits 

There  are  several  precautions  the  user  should  take  when 
using  the  LT1190  in  order  to  realize  its  full  capability. 
Although  the  LT1 1 90  can  drive  a  50pF  load,  isolating  the 
capacitance  with  10£2  can  be  helpful.  Precautions  prima- 
rily have  to  do  with  driving  large  capacitive  loads. 


Other  precautions  include: 

1 .  Use  a  ground  plane  (see  Design  Note  50,  High  Frequency 
Amplifier  Evaluation  Board). 

2.  Donotusehighsourceimpedances.Theinputcapacitance 
of  2pF,  and  Rs  =  1 0kD  for  instance,  will  give  an  8MHz  -  3dB 
bandwidth. 

3.  PC  board  socket  may  reduce  stability. 

4.  A  feedback  resistor  of  1  kQ  or  lower  reduces  the  effects 
of  stray  capacitance  at  the  inverting  input.  (For  instance, 
closed  loop  gain  of  +2  can  use  RFB  =  300Q  and  RG  =  300C1) 


Driving  Capacitive  Load 


Driving  Capacitive  Load 


Av  =  -1,  IN  DEMO  BOARD.  CL=  50pF 
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Av  =  -1 ,  IN  DEMO  BOARD,  CL=  50pF  WITH 
10fl  ISOLATING  RESISTOR 


Murphy  Circuits 


An  Unterminated  Cable  Is 
a  Large  Capacitive  Load 


A 1X  Scope  Probe  Is  a 
Large  Capacitive  Load 


A  Scope  Probe  on  the  Inverting 
Input  Reduces  Phase  Margin 
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■  Gain  Bandwidth  Product,  Av  = +1  90MHz 

■  Slew  Rate  450V/u.s 

■  Low  Cost 

■  Output  Current  ±50mA 

■  Settling  Time  110ns  to  0.1% 

■  Differential  Gain  Error  0.07%,  (RL  =  1k) 

■  Differential  Phase  Error  0.02°,  (RL  =  1k) 

■  High  Open  Loop  Gain  25V/mV  Min 

■  Single  Supply  +5V  Operation 

■  Output  Shutdown 

nppucOTions 

■  Video  Cable  Drivers 

■  Video  Signal  Processing 

■  Fast  Integrators 

■  Pulse  Amplifiers 

■  D/A  Current  to  Voltage  Conversion 


Ultra  High  Speed 
Operational  Amplifier 

DCSCRIPTIOn 

The  LT1 1 91  is  a  video  operational  amplifier  optimized  for 
operation  on  ±5V,  and  a  single  +5V  supply.  Unlike  many 
high  speed  amplifiers,  this  amplifier  features  high  open 
loop  gain,  over  90dB,  and  the  ability  to  drive  heavy  loads 
to  a  full  power  bandwidth  of  20MHz  at  7Vp-p.  In  addition 
to  its  very  fast  slew  rate,  the  LT1 1 91  features  a  unity  gain 
stable  bandwidth  of  90MHz. 

Because  the  LT1 1 91  is  a  true  operational  amplifier,  it  is  an 
ideal  choice  for  wideband  signal  conditioning,  fast  inte- 
grators, active  filters,  and  applications  requiring  speed, 
accuracy,  and  low  cost. 

The  LT1191  is  available  in  8-pin  miniDIPs  and  SO  pack- 
ages with  standard  pinouts.  The  normally  unused  pin  5  is 
used  for  a  shutdown  feature  that  shuts  off  the  output  and 
reduces  power  dissipation  to  a  mere  15mW. 
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Total  Supply  Voltage  (V  +  toV")  18V 

Differential  Input  Voltage  ±  6V 

Input  Voltage  ±V$ 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Junction  Temperature  Range 

LT1191M  -55°C  to150°C 

LT1191C  0°Cto150°C 

Max.  Junction  Temperature  See  Pkg.  Descriptions 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


ORDER  PART 

TOP  VIEW 

NUMBER 

BAL  fT 
-IN  [T 
+IN  |T 
v-  ^ 

jj]  BAL 

3v 

J]  OUT 
T|  S/D 

LT1191MJ8 

LT1191CJ8 
LT1191CN8 
LT1191CS8 

J8  PACKAGE             N8  PACKAGE 

8-LEAD  HERMETIC  DIP  8-LEAD  PLASTIC  DIP 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

LT1191  -POW1 

S8  PART  MARKING 

1191 

€l€CTRI<M  CHRRRCTCRISTICS  vs  =  ±5V,  Ta  =  25  C,  CL  <  10pF,  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1191M/C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

1.0 

5.0 

mV 

'os 

Input  Offset  Current 

0.2 

1.7 

uA 

Ib 

Input  Bias  Current 

±0.5 

±2.5 

uA 

en 

Input  Noise  Voltage 

f0  =  10kHz 

25 

nV/VHz 

in 

Input  Noise  Current 

f0  =  10kHz 

4.0 

pA/VHz 

R|N 

Input  Resistance 

Differential  Mode 

70 

kfi 

Common  Mode 

5.0 

MCI 

C|N 

Input  Capacitance 

Ay  =  +1 

2.0 

PF 

Input  Voltage  Range 

(Note  2) 

-2.5 

+  3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  - 2.5V  to  +  3.5V 

60 

75 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±  8.0V 

60 

75 

dB 

AyOL 

Large  Signal  Voltage  Gain 

RL  =  1k,V0  =  ±3.0V 

20 

45 

V/mV 

RL  =  100Q,V0  =  +3.0V 

6.0 

12 

VS  =  +  8V,  RL  =  100Q,V0  =  +  5V 

9.0 

17 

Volt 

Output  Voltage  Swing 

VS  =  ±5V,  RL  =  1k 

x3.7 

±4.0 

V 

VS  =  ±8V,  RL  =  1k 

±6.7 

±7.0 

SR 

Slew  Rate 

Av  =  -2,  RL=1k,  (Note  3,  8) 

325 

450 

V/ns 

FPBW 

Full  Power  Bandwidth 

V0  =  6Vp-p,  (Note  4) 

17.2 

23.9 

MHz 

GBW 

Gain  Bandwidth  Product 

90 

MHz 

tn,tfi 

Rise  Time,  Fall  Time 

Av  =  +50,  V0  =  ±  1 .5V,  20%  to  80%,  (Note  8) 

100 

130 

160 

ns 

tf2 

Rise  Time,  Fall  Time 

Av  =  +1 ,  V0  =  ±  1 25mV,  1 0%  to  90% 

1.25 

ns 

IPD 

Propagation  Delay 

Av  =  +1 ,  V0  =  ±  1 25mV,  50%  to  50% 

2.2 

ns 

Overshoot 

Av  =  +1,V0  =  ±125mV 

25 

% 

ts 

Settling  Time 

3VStep,  0.1%,  (Note  5) 

110 

ns 

Diff  Av 

Differential  Gain 

RL  =  150n,Av=+2,  (Note  6) 

0.15 

% 

Diff  Ph 

Differential  Phase 

RL  =  150Q,Av=+2,  (Note  6) 

0.09 

Deg.  p-p 
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€l€CTRICRl  CHRRRCT€RISTICS  Vs  = +5V,  TA  =  25  C.  CL  <  10pF,  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1191M/C 
MIN       TYP  MAX 

UNITS 

Is 

Supply  Current 

32  38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V" 

1.3  2.0 

mA 

klD 

Shutdown  Pin  Current 

Pin  5  at  V~ 

20  50 

MA 

ton 

Turn  On  Time 

Pin5fromV_to  Ground, P.  L  =  1k 

100 

ns 

toff 

Turn  Off  Time 

Pin  5  from  Ground  toV",  RL  =  1k 

400 

ns 

€L€CTRICRL  CHRRRCTCRISTICS 

Vs  -  =  <  5V.  V$-  =  0V,  VCM=  -2.5V.  Tfl  =  25  C.  CL   10pF.  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

MIN 

LT1191M/C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

2.0 

7.0 

mV 

los 

Input  Offset  Current 

0.2 

1.2 

|xA 

Ib 

Input  Bias  Current 

+0.5 

±1.5 

uA 

Input  Voltage  Range 

(Note  2) 

+2.0 

+3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  +2.0Vto+3.5V 

55 

70 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL  =  100£i  to  Ground, 
V0  =  +1.0Vto+3.0V 

6.0 

9.0 

V/mV 

VOUT 

Output  Voltage  Swing 

RL  =  100n  to  Ground 

Vout  High 

3.6 

3.8 

V 

Vqut  Low 

0.25 

0.4 

SR 

Slew  Rate 

Av  =  -1,  V0  =  +1Vto+3V 

250 

V/jis 

GBW 

Gain  Bandwidth  Product 

80 

MHz 

Is 

Supply  Current 

29 

36 

mA 

Shutdown  Supply  Current 

Pin  5  at  V" 

1.2 

2.0 

mA 

ls/o 

Shutdown  Pin  Current 

Pin5atV- 

20 

50 

uA 

€L€CTRKRL  CHRRRCTCRISTICS  Vs  =  ±5V,  -55  C  <  Tft  <  125  C.  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1191M 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

2.0 

8.0 

mV 

AVog/AT 

Input  Vos Drif1 

8.0 

nwc 

los 

Input  Offset  Current 

0.2 

2.0 

HA 

Ib 

Input  Bias  Current 

±0.5 

±2.5 

uA 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5Vto+3.5V 

55 

70 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  +  2.375V  to  +5.0V 

55 

70 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL  =  1k,  V0  =  ±3.0V 

16 

32 

V/mV 

RL  =  100,V0  =  ±3.0V 

2.0 

5.0 

VOUT 

Output  Voltage  Swing 

RL  =  1k 

±3.7 

±3.9 

V 

Is 

Supply  Current 

32 

38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V,  (Note  7) 

1.5 

2.5 

mA 

km 

Shutdown  Pin  Current 

Pin  5  at  V" 

20 

MA 
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€l€CTRICfll  CHflRflCT€RISTICS  Vs  =  ±5V,  0  C   TA   70  C.  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1191C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

• 

2.0 

6.0 

mV 

AVns/AT 

Input  Vos  Dr'ft 

8.0 

uV/°C 

los 

Input  Offset  Current 

0.2 

1.7 

MA 

Is 

Input  Bias  Current 

±0.5 

±2.5 

UA 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5Vto+3.5V 

58 

70 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±  5.0V 

58 

70 

dB 

AvOL 

Large  Signal  Voltage  Gain 

Rl  =  1k,  V0  =  ±3.0V 

20 

40 

V/mV 

RL  =  100.  V0  =  ± 3.0V 

5.0 

9.0 

VOUT 

Output  Voltage  Swing 

Rl  =  1k 

±3.7 

±3.9 

V 

Is 

Supply  Current 

32 

38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V- (Note  7) 

1.4 

2.1 

mA 

km 

Shutdown  Pin  Current 

Pin  5  at  V- 

20 

HA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  A  heat  sink  is  required  to  keep  the  junction  temperature  below 
absolute  maximum  when  the  output  is  shorted. 
Note  2:  Exceeding  the  input  common  mode  range  may  cause  the  output 
to  invert. 

Note  3:  Slew  rate  is  measured  between  ±  1 V  on  the  output,  with  a  ±  1 .5V 
input  step. 

Note  4:  Full  power  bandwidth  is  calculated  from  the  slew  rate  measure- 
ment: FPBW  =  SR/2itVp. 


Note  5:  Settling  time  measurement  techniques  are  shown  in  "Take  the 
Guesswork  Out  of  Settling  Time  Measurements,"  EDN,  September  19, 
1985.  Av  =  -1,  RL  =  1k. 

Note  6:  NTSC  (3.58MHz).  For  RL  =  1k,  Diff  Av  =  0.07%,  Diff  Ph  =  0.02°. 
Note  7:  See  Applications  section  for  shutdown  at  elevated  temperatures. 
Do  not  operate  the  shutdown  above  Tj  >  125°C. 
Note  8:  AC  parameters  are  100%  tested  on  the  ceramic  and  plastic  DIP 
packaged  parts  (J  and  N  suffix)  and  are  sample  tested  on  every  lot  of  the 
SO  packaged  parts  (S  suffix). 


Optional  Offset  Nulling  Circuit 


INPUT  OFFSET  VOLTAGE  CAN  BE  ADJUSTED  OVER  A±100mV 
RANGE  WITH  A  1k!i  TO  10M2  POTENTIOMETER. 
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TVPicni  P€RFORmnnc€  chrrrctcristics 

Input  Bias  Current  vs  Temperature 


Input  Bias  Current  vs  Common 
Mode  Voltage 
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Common  Mode  Voltage  vs 
Supply  Voltage 
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Equivalent  Input  Noise  Voltage  vs 
Frequency 


100  1k  10k 

FREQUENCY  (Hz) 


Equivalent  Input  Noise  Current  vs 
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Supply  Current  vs  Supply  Voltage 
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Shutdown  Supply  Current  vs 
Temperature 
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Open  Loop  Voltage  Gain  vs 
Temperature 
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Open  Loop  Voltage  Gain  vs 
Load  Resistance 


S  40k 


Vs  =  ±5V 
-V0  =  ±3V 
Tfl  =  25°C 

LT1191  -TPCOB 


100 

LOAD  RESISTANCE  (Q) 


1000 


LT119I  -TPC09 


xruossB 


2-141 


LT1191 


TVPICRL  PCRFORmnnCC  CHfiRflCTCfilSTICS 

Gain,  Phase  vs  Frequency 


Gain  Bandwidth  Product  vs 
Supply  Voltage 
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Output  Impedance  vs 
Frequency 
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Unity  Gain  Frequency  and 
Phase  Margin  vs  Temperature 
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Common  Mode  Rejection  Ratio  vs 
Frequency 


Power  Supply  Rejection  Ratio  vs 
Frequency 
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Output  Short  Circuit  Current  vs 
Temperature 
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+  Output  Swing  vs  Supply  Voltage 


Output  Voltage  Swing  vs 
Load  Resistance 
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TYPICAL  P€RFOftfTinnC€  CHARflCTCRISTICS 

Slew  Rate  vs  Temperature 


Output  Voltage  Step  vs 
Settling  Time,  Av  =  -1 
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Output  Voltage  Step  vs 
Settling  Time,  Ay  =  +1 
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Large  Signal  Transient  Response 


Av=*1,CL=10pF  SCOPE  PROBE 


Output  Overload 


A„  =  -1,VIN  =  12Vp-p 


Small  Signal  Transient  Response 
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Ay  =  +1 .  SMALL  SIGNAL  RISE  TIME,  WITH  FET  PROBES 
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Power  Supply  Bypassing 

The  LT1 191  isquite  tolerant  of  power  supply  bypassing.  In 
some  applications  a  0.1  u.F  ceramic  disc  capacitor  placed 
1/2  inch  from  the  amplifier  is  all  that  is  required.  A  scope 
photo  of  the  amplifier  output  with  no  supply  bypassing  is 
used  to  demonstrate  this  bypassing  tolerance,  Rl  =  1  kil 


No  Supply  Bypass  Capacitors 


Av  =  -1.INDEMO  BOARD,  RL=1k£i 

LT119,  -TAM 


Supply  bypassing  can  also  affect  the  response  in  the 
frequency  domain.  It  is  possible  to  see  a  slight  rise  in  the 
frequency  response  at  130MHz  depending  on  the  gain 
configuration,  supply  bypass,  inductance  in  the  supply 
leads,  and  printed  circuit  board  layout.  This  can  be  further 
minimized  by  not  using  a  socket. 

Closed  Loop  Voltage  Gain  vs  Frequency 


20 


VS=±5V' 
TA=25°c4 
RL=  1k£i 

=  j 

A, 

m 

=+ 

t  - 

I 

100k         1M  10M        100M  1G 


'HZ)  * 


In  most  applications,  and  those  requiring  good  settling 
time,  it  is  important  to  use  multiple  bypass  capacitors.  A 
0.1  uf  ceramic  disc  in  parallel  with  a  4.7uf  tantalum  is 
recommended.  Two  oscilloscope  photos  with  different 
bypass  conditions  are  used  to  illustrate  the  settling  time 
characteristics  of  the  amplifier.  Note  that  although  the 
output  waveform  looks  acceptable  at  1  V/div,  when  ampli- 
fied to  1  mV/div  the  settling  time  to  2mV  is  2.61  u.s  for  the 
0.1u.F  bypass;  the  time  drops  to  143ns  with  multiple 
bypass  capacitors. 


Settling  Time  Poor  Bypass 


SETTLING  TIME  TO  2mV,Av  =  -1 
SUPPLY  BYPASS  CAPACITORS  =  0.1(iF 

LTIIfll  -TAW 


Settling  Time  Good  Bypass 


SETTLING  TIME  TO  2mV,Av  =  -1 
SUPPLY  BYPASS  CAPACITORS  =  0.1^  +  4.7^  TANTALUM 
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Cable  Terminations 


Using  the  Shutdown  Feature 


The  LT1 191  operational  amplifier  has  been  optimized  as  a 
low  cost  video  cable  driver.  The  +50mA  guaranteed  output 
current  enables  the  LT1 191  to  easily  deliver  7.5Vp-p  into 
1 00Q,  while  operating  on  ±5V  supplies,  or  2.6Vp-p  on  a 
single  5V  supply. 

When  driving  a  cable  it  is  important  to  terminate  the  cable 
to  avoid  unwanted  reflections.  This  can  be  done  in  one  of 
two  ways:  single  termination  or  double  termination.  With 
single  termination,  the  cable  must  be  terminated  at  the 
receiving  end  (75£2  to  ground)  to  absorb  unwanted  en- 
ergy. The  best  performance  can  be  obtained  by  double 
termination  (75£2  in  series  with  the  output  of  the  amplifier, 
and  75C2  to  ground  at  the  other  end  of  the  cable).  This 
termination  is  preferred  because  reflected  energy  is  ab- 
sorbed at  each  end  of  the  cable.  When  using  the  double 
termination  technique  it  is  importantto  note  thatthe  signal 
is  attenuated  by  a  factor  of  2,  or  6dB.  This  can  be  com- 
pensated for  by  taking  a  gain  of  2,  or  6dB  in  the  amplifier. 
The  cable  driver  has  a-3dB  bandwidth  of  100MHz  while 
driving  the  1 50C2  load.  Note  the  response  can  be  improved 
by  lowering  the  impedance  of  the  feedback  elements. 


Double  Terminated  Cable  Driver 


Cable  Driver  Voltage  Gain  vs  Frequency 


The  LT1 1 91  has  a  unique  feature  that  allows  the  amplifier 
to  be  shutdown  for  conserving  power,  or  for  multiplexing 
several  amplifiers  onto  acommon  cable.  The  amplifier  will 
shutdown  by  taking  pin  5  to  V".  In  shutdown,  the  amplifier 
dissipates  1 5mW  while  maintaining  atrue  high  impedance 
output  state  of  15kQ  in  parallel  with  the  feedback  resis- 
tors. The  amplifiers  must  be  used  in  a  non-inverting 
configuration  for  MUX  applications.  In  inverting  configu- 
rations the  input  signal  is  fed  to  the  output  through  the 
feedback  components.  The  following  scope  photos  show 
that  with  very  high  R|_,  the  output  is  truly  high  impedance; 
the  output  slowly  decays  toward  ground.  Additionally, 
when  the  output  is  loaded  with  as  little  as  1  kD  the  amplifier 
shuts  off  in  400ns.  This  shutoff  can  be  under  the  control 
of  HC  CMOS  operating  between  OV  and  -5V. 


Output  Shutdown 


VSHUTDOWN 


-5V 
VOUT 


a 


MB— I 


1  MHz  SINE  WAVE  GATED  OFF  WITH 
SHUTDOWN  PIN,AV  =  +1,RL  =  ~ 

Output  Shutdown 


VOUT 


iPB 


■■■■■■■! 


FREQUENCY  (Hz) 


w 


1  MHz  SINE  WAVE  GATED  OFF  WITH 
SHUTDOWN  PIN,  Av  =  +1 ,  RL=  1  k£2 
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The  ability  to  maintain  shutoff  is  shown  on  the  curve 
Shutdown  Supply  Current  vs  Temperature  in  the  Typical 
Performance  Characteristics  section.  At  very  high  elevated 
temperatures  it  is  important  to  hold  the  shutdown  pin 
close  to  the  negative  supply  to  keep  the  supply  current 
from  increasing. 

Murphy  Circuits 

There  are  several  precautions  the  user  should  take  when 
using  the  LT1191  in  order  to  realize  its  full  capability. 
Although  the  LT1191  can  drive  a  30pF  load,  isolating  the 
capacitance  with  1 0Q.  can  be  helpful.  Precautions  prima- 
rily have  to  do  with  driving  large  capacitive  loads. 

Driving  Capacitive  Load 


9! 


Av  =  -1.  IN  OEMO  BOARD,  CL=30pF 


Other  precautions  include: 

1 .  Use  a  ground  plane  (see  Design  Note  50,  High  Frequency 
Amplifier  Evaluation  Board). 

2.  Do  not  use  high  source  impedances.  The  input  capacitance 
of  2pF,  and  Rs  =  1 0kQfor  instance,  will  give  an  8MHz  -3dB 
bandwidth. 

3.  PC  board  socket  may  reduce  stability. 

4.  A  feedback  resistor  of  1  k£2  or  lower  reduces  the  effects 
of  stray  capacitance  at  the  inverting  input.  (For  instance, 
closed  loop  gain  of +2  can  use  Rfb  =  300Q and  Rq  =  300a.) 


Driving  Capacitive  Load 


Aw  =  -1,  IN  DEMO  BOARD,  CL=  30pF  WITH 
10Q  ISOLATING  RESISTOR 


LT119I  -TA12 


Murphy  Circuits 


LT1191  -TA13 


An  Unterminated  Cable  Is 
a  Large  Capacitive  Load 


A  "IX  Scope  Probe  Is  a 
Large  Capacitive  Load 


A  Scope  Probe  on  the  Inverting 
Input  Reduces  Phase  Margin 
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FCflTURCS 

■  Gain  Bandwidth  Product,  Av  =  +5  350MHz 

■  Slew  Rate  450V/p.s 

■  Low  Cost 

■  Output  Current  ±50mA 

■  Settling  Time  90ns  to  0.1% 

■  Differential  Gain  Error  0.1%  (RL  =  1kQ) 

■  Differential  Phase  Error  0.01°  (RL  =  1kQ) 

■  High  Open  Loop  Gain  125V/mV  Min 

■  Single  Supply  +5V  Operation 

■  Output  Shutdown 

nppucOTions 

■  Video  Cable  Drivers 

■  Video  Signal  Processing 

■  Photo-Diode  Amplifier 

■  Pulse  Amplifiers 

■  D/A  Current  to  Voltage  Conversion 


 LT1192 

Ultra  High  Speed 
Operational  Amplifier 

D€SCMPTIOn 

The  LT1 1 92  is  a  video  operational  amplifier  optimized  for 
operation  on  ±  5V,  and  a  single  +5V  supply.  Unlike  many 
high  speed  amplifiers,  this  amplifier  features  high  open 
loop  gain,  over  1 0OdB,  and  the  ability  to  drive  heavy  loads 
to  a  full  power  bandwidth  of  20MHz  at  7Vp-p.  In  addition 
to  its  very  fast  slew  rate,  the  LT1192  has  a  high  gain 
bandwidth  of  350MHz,  and  is  compensated  for  a  closed 
loop  gain  of  5  or  greater. 

Because  the  LT1 1 92  is  a  true  operational  amplifier,  it  is  an 
ideal  choice  for  wideband  signal  conditioning,  active  fil- 
ters, and  applications  requiring  speed,  accuracy,  and  low 
cost. 

The  LT1192  is  available  in  8-pin  miniDIPs  and  SO  pack- 
ages with  standard  pinouts.  The  normally  unused  pin  5  is 
used  for  a  shutdown  feature  that  shuts  off  the  output  and 
reduces  power  dissipation  to  a  mere  15mW. 


Double  Terminated  Cable  Driver  Inverter  Pulse  Response 


Av  =  -5,  CL=10pF  SCOPE  PROBE 

LTI192.TA02 
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Total  Supply  Voltage  (V '  to  V  )  18V 

Differential  Input  Voltage  +  6V 

Input  Voltage  ±Vs 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Junction  Temperature  Range 

LT1192M  -55°Cto150°C 

LT1192C  0°Cto150°C 

Max.  Junction  Temperature  See  Pkg.  Descriptions 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


ORDER  PART 

TOP  VIEW 

NUMBER 

BAL  [T 
-IN  [T 
tIN  [T 

v-  [7 

1]  BAL 

7]v< 

J]  OUT 

J]  S/D 

LT1192MJ8 
LT1192CJ8 
LT1192CN8 
LT1192CS8 

J8  PACKAGE             N8  PACKAGE 

8-LEAD  HERMETIC  DIP  8-LEAD  PLASTIC  DIP 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

LTllK-POTOl 

S8  PART  MARKING 

1192 

€l€CTRICfll  CHRRRCT€RISTICS  VS  =  ±5V,  TA  =  25"C,  G_<  10pF,  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1192M/C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

0.2 

2.5 

mV 

'os 

Input  Offset  Current 

0.2 

1.7 

(iA 

Ib 

Input  Bias  Current 

±0.5 

2.5 

J.A 

en 

Input  Noise  Voltage 

f0  =  10kHz 

9.0 

nV/\Hz 

in 

Input  Noise  Current 

f0  =  10kHz 

4.0 

pA/VHz 

R|N 

Input  Resistance 

Differential  Mode 

16 

kQ 

Common  Mode 

5.0 

UQ 

C|N 

Input  Capacitance 

Av  =  +10 

1.8 

PF 

Input  Voltage  Range 

(Note  2) 

-2.5 

+3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -  2.5V  to  +  3.5V 

70 

85 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±  8.0V 

70  85 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL  =  1k,V0  =  ±3.0V 

100 

180 

V/mV 

RL  =  100n,  V0  =  ±3.0V 

16 

35 

VS  =  ±8V,  RL  =  100£},Vo  =  ±5V 

20 

60 

VOUT 

Output  Voltage  Swing 

VS  =  ±5V,  RL  =  1k 

±3.7 

±4.0 

V 

VS  =  ±8V,  Rj_  =  1  k 

±6.7 

±7.0 

SR 

Slew  Rate 

Av  =  -1 0,  RL  =  1k,  (Note  3,  8) 

325 

450 

V/(is 

FPBW 

Full  Power  Bandwidth 

V0  =  6Vp-p,  (Note  4) 

17.2 

23.9 

MHz 

GBW 

Gain  Bandwidth  Product 

350 

MHz 

tn.tfi 

Rise  Time,  Fall  Time 

Av  =  +50,  V0  =  ±  1 .5V,  20%  to  80%,  (Note  8) 

23 

35 

50 

ns 

tf2.  tf2 

Rise  Time,  Fall  Time 

Ay  =  +5,  V0  =  ±125mV,  10%  to  90% 

2.7 

ns 

tpo 

Propagation  Delay 

Av  =  +5,  V0  =  ±  125mV,  50%  to  50% 

3.5 

ns 

Overshoot 

Av  =  +5,  V0  =  ±125mV 

50 

% 

ts 

Settling  Time 

3V  Step,  0.1%.  (Note  5) 

ns 

Diff  Ay 

Differential  Gain 

RL=150Q,  Av  =+10,  (Note  6) 

0.23 

% 

Diff  Ph 

Differential  Phase 

RL  =  150Q,Ay=+10,  (Note  6) 

0.15 

Deg.  p-p 
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€l€CTRICfll  chrrrctcristics  Vs  =  ±5V,  Tfl  =  25  C,  CL<  1  DpF.  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1192M/C 
MIN        TYP  MAX 

UNITS 

Is 

Supply  Current 

32  38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V- 

1.3  2.0 

mA 

Is/D 

Shutdown  Pin  Current 

Pin  5atV~ 

20  50 

MA 

'on 

Turn  On  Time 

Pin  5  from  V"  to  Ground,  RL  =  1k 

100 

ns 

toff 

Turn  Off  Time 

Pin  5  from  Ground  to  V",  RL  =  1k 

400 

ns 

€l€CTRICRl  CHRRRCT€RISTICS 

Vs+  =  +5V,  Vs-  =  OV,  VCm  =  +2-5V,  TA  =  25°C,  Cu  <  10pF,  pin  5  open  circuit  unless  otherwise  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1192M/C 
MIN       TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

0.4  4.0 

mV 

los 

Input  Offset  Current 

0.2  1.2 

l*A 

Ib 

Input  Bias  Current 

±0.5  +1.5 

U.A 

Input  Voltage  Range 

(Note  2) 

+  2.0  +3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  +2.0V  IO+3.5V 

60  80 

dB 

AvOL 

Large  Signal  Voltage  Gain 

RL  =  100Q  to  Ground, 
V0  =  +1  OV  to  +3.0V 

30  50 

V/mV 

V0UT 

Output  Voltage  Swing 

RL  =  100Q  to  Ground 

Vout  High 

3.6  3.8 

V 

V0UT  LOW 

0.25  0.4 

SR 

Slew  Rate 

Av  =  -5,  V0  =  +1Vto+3V 

250 

V/ns 

GBW 

Gain  Bandwidth  Product 

350 

MHz 

Is 

Supply  Current 

29  36 

mA 

Shutdown  Supply  Current 

Pin  5  at  V" 

1.2  2.0 

mA 

Is/D 

Shutdown  Pin  Current 

Pin  5  at  V^ 

20  50 

uA 

€L€CTRICRL  CHRRRCTCRISTICS  Vs  =  ±5V,  -55  C  <  TA  <  125  C,  pin  5  open  circuit  unless  otherwise  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1192M 
MIN       TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

0.4  3.5 

mV 

AV0S/AT 

Input  Vos  D|ift 

2.0 

U.V/-C 

los 

Input  Offset  Current 

0.2  2.0 

HA 

Ib 

Input  Bias  Current 

±0.5  ±2.5 

HA 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5Vto+3.5V 

65  85 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±  5.0V 

70  90 

dB 

AyoL 

Large  Signal  Voltage  Gain 

RL  =  1k,  V0  =  ±3.0V 

55  90 

V/mV 

RL  =  100Q.  V0  =  ±3.0V 

5.0  14 

VOUT 

Output  Voltage  Swing 

RL  =  1k 

±3.7  ±3.9 

V 

is 

Supply  Current 

32  38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V"  (Note  7) 

1.5  2.5 

mA 

Is/D 

Shutdown  Pin  Current 

Pin  5  at  V- 

20 

U-A 
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€L€CTMCm  CHnftfiCT€RISTICS  Vs  =  ±5V,  0°C  <  TA  <  70°C,  pin  5  open  circuit  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1192C 
TYP 

MAX 

UNITS 

Vns 

Input  Offset  Voltage 

• 

0.4 

3.0 

mV 

Input  Vos  Drift 

2.0 

u.v/°c 

Iqs 

Input  Offset  Current 

0.2 

1.7 

Ib 

Input  Bias  Current 

±0.5 

±2.5 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5Vto+3.5V 

68  85 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  12.375V  to  ±  5.0V 

70 

90 

dB 

AVOL 

Large  Signal  Voltage  Gain 

R[_  =  1  k  Vo  -  ±  3.0V 

90 

140 

V/mV 

RL  =  100Q,  V0  =  ±3.0V 

10 

30 

VOUT 

Output  Voltage  Swing 

RL  =  1k 

±3.7 

±3.9 

V 

Is 

Supply  Current 

32 

38 

mA 

Shutdown  Supply  Current 

Pin  5  at  V",  (Note  7) 

1.4 

2.1 

mA 

Is/o 

Shutdown  Pin  Current 

Pin  5  at  V" 

20 

UA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  A  heat  sink  is  required  to  keep  the  junction  temperature  below 
absolute  maximum  when  the  output  is  shorted. 
Note  2;  Exceeding  the  input  common  mode  range  may  cause  the  output 
to  invert. 

Note  3:  Slew  rate  is  measured  between  ±  1 V  on  the  output,  with  a  ±  0.3V 
input  step. 

Note  4:  Full  power  bandwidth  is  calculated  from  the  slew  rate  measure- 
ment: FPBW  =  SR/27tVp. 


Note  5:  Settling  time  measurement  techniques  are  shown  in  "Take  the 
Guesswork  Out  of  Settling  Time  Measurements,"  EDN,  September  1 9, 
1985.  Av  =  -5,  RL  =  1k. 

Note  6:  NTSC  (3.58MHz).  For  RL  =  1  k,  Diff  Av  =  0.1  %,  Diff  Ph  =  0.01  • 

Diff  Av  and  Diff  Ph  can  be  reduced  for  Av  <  10. 

Note  7:  See  Applications  section  for  shutdown  at  elevated  temperatures. 

Do  not  operate  the  shutdown  above  Tj  >  125°C. 

Note  8:  AC  parameters  are  100%  tested  on  the  ceramic  and  plastic  DIP 

packaged  parts  (J  and  N  suffix)  and  are  sample  tested  on  every  lot  of  the 

SO  packaged  parts  (S  suffix). 


Optional  Offset  Nulling  Circuit 


+5V 


INPUT  OFFSET  VOLTAGE  CAN  BE  ADJUSTED  OVER  A  ±20mV 
RANGE  WITH  A  1  k£i  TO  1 0kft  POTENTIOMETER. 
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Input  Bias  Current  vs  Temperature 


Input  Bias  Current  vs  Common 
Mode  Voltage 


3 


V 

S3 

5° 

; 

-2 

"1 

25  C 

1  1 

V 

+  3' 

+1 

1 

OS 

I 

-1 

COMMON  MODE  VOLTAGE  (V) 

LT119S-TPC01 


-50    -25     0      25     50     75     100  125 
TEMPERATURE  (=C) 


Common  Mode  Voltage  vs 
Supply  Voltage 


g  4 

d  2 

> 

o  0 
o 

i 

o 

^  -4 

<j>  -6 


I 

~-55°C 

_  25°C 
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DE 

tV 

~~  1 

25°C 

>«c- 

C  " 

c. 

-5 

25 

-V  COMMON  MODE 

12 

2  4  6  ! 

±V  SUPPLY  VOLTAGE  (V) 


.  300 
.  250 
200 
150 
100 
50 
0 


Equivalent  Input  Noise  Voltage  vs 
Frequency 


Ti  =  25°C 

R 

>'  =  « 

£2 

100  1k  10k 

FREQUENCY  (Hz) 


Equivalent  Input  Noise  Current  vs 
Frequency 


1 


100         1k  10k 
FREQUENCY  (Hz) 


Supply  Current  vs  Supply  Voltage 


-5: 

c 

f 

-25T 

I 

-125 

°C 

> 

IT11W.TPC05 


2  4  6 

tSUPPLY  VOLTAGE  (V) 


Shutdown  Supply  Current  vs 
Temperature 


W  .EW 

*s  -  -J 

— x — 

V 

3/D  =  " 

fu*C 

,4V  ^ 

/Vs/r,  =  -VFF  +  ( 

t 

<^-v 

!/D  =  - 

-50    -25     0      25     50  75 
TEMPERATURE  (°C) 


Open  Loop  Voltage  Gain  vs 
Temperature 


r  150k 


MM 

\/_  -  Ml 

3V 

=  1 

k 

=  1 

00£ 

1 

LTM92-TPC07 


0  25  50  75 
TEMPERATURE  (°C) 


Open  Loop  Voltage  Gain  vs 
Load  Resistance 


r  150k 


I  I 

VS  =  ±5V 
V0  =  i3V 
T.  =  +25°C 

LTHM-TPCW 


100 

LOAD  RESISTANCE  (Q) 
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Gain  and  Phase  Margin  vs  Common  Mode  Rejection  Ratio  vs  Power  Supply  Rejection  Ratio  vs 

Temperature  Frequency  Frequency 


TEMPERATURE  (°C)  FREQUENCY  (Hz)  FREQUENCY  (Hz) 

ITim-TPCU  LT11M-TPC14  LT11SS  •  TPC1S 


Output  Short  Circuit  Current  vs  Output  Voltage  Swing  vs 

Temperature  ±  Output  Swing  vs  Supply  Voltage  Load  Resistance 


TEMPERATURE  (°C)  iV  SUPPLY  VOLTAGE  (V)  LOAD  RESISTANCE  (£1) 

LT1192-TPC16  LTH9S-TPC1?  LT1  IBS  ■  TPC1B 


2-153 


LT1192 


TVPICfiL  P€RFORfTinnC€  CHARACTERISTICS 

Output  Voltage  Step  vs  Output  Voltage  Step  vs 

Slew  Rate  vs  Temperature  Settling  Time.  Ay  - -5  Settling  Time,  Ay  =  +5 


-50    -25      0      25     50      75     100    125  20     40      60     80     100     120    140    160  50  100  150  200 

TEMPERATURE  (X)  SETTLING  TIME  (ns)  SETTLING  TIME  (ns) 

LT11BZ-  TPC19  LT11«-TPOO  LT1 182  •  TPC2! 


Large  Signal  Transient  Response  Output  Overload 


Av=  +5,  CL=  10pF  SCOPE  PROBE  Av=  +10.  V)N  =  1.2Vp-p 

LT11f»-TT"C22  LT1 132  -  TPC24 


Small  Signal  Transient  Response 


Av  =  *5  SMALL  SIGNAL  RISE  TIME,  WITH  FET  PROBES 
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Power  Supply  Bypassing 

The  LT1192  is  quite  tolerant  of  power  supply  bypassing. 
In  some  applications  a  0.1  u.F  ceramic  disc  capacitor 
placed  1/2  inch  from  the  amplifier  is  all  that  is  required.  A 
scope  photo  of  the  amplifier  output  with  no  supply  by- 
passing is  used  to  demonstrate  this  bypassing  tolerance, 
RL  =  1kD. 

No  Supply  Bypass  Capacitors 


-5,  IN  DEMO  BOARD,  R,=  1kn 


In  most  applications,  and  those  requiring  good  settling 
time,  it  is  important  to  use  multiple  bypass  capacitors.  A 
0.1  u.F  ceramic  disc  in  parallel  with  a  4.7u.F  tantalum  is 
recommended.  Two  oscilloscope  photos  with  different 
bypass  conditions  are  used  to  illustrate  the  settling  time 
characteristics  of  the  amplifier.  Note  that  although  the 
output  waveform  looks  acceptable  at  1  V/div,  when  ampli- 
fied to  1  mV/div  the  settling  time  to  1  mV  is  4.1 32u.s  for  the 
0.1|iF  bypass;  the  time  drops  to  140ns  with  multiple 
bypass  capacitors. 

Settling  Time  Poor  Bypass 


0V  3 


SETTLING  T!MET01mV,Av  =  -1 
SUPPLY  BYPASS  CAPACITORS  =  0.1|iF 


Settling  Time  Good  Bypass 


g'^llMIIlWMNi! 


Si 


SETTLING  TIME  TO  1mV,  Av  =  -1  SUPPLY 
BYPASS  CAPACITORS  =  0.1|jF  +  4  JnF  TANTALUM 


Cable  Terminations 

The  LT1 1 92  operational  amplifier  has  been  optimized  as  a 
low  cost  video  cable  driver.  The  ±  50mA  guaranteed  out- 
put current  enables  the  LT1 1 92  to  easily  deliver  7.5Vp-p 
into  '\00Q,  while  operating  on  +5V  supplies,  or  2.6Vp-p 
on  a  single  5V  supply. 

Double  Terminated  Cable  Driver 

+5V 

,n  CABLE 


Cable  Driver  Voltage  Gain  vs  Frequency 


100k 


1M  10M 
FREQUENCY  (Hz) 


100M 


LT1192.TA07 


When  driving  a  cable  it  is  important  to  terminate  the  cable 
to  avoid  unwanted  reflections.  This  can  be  done  in  one  of 
two  ways:  single  termination  or  double  termination.  With 


iCTUEK 
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single  termination,  the  cable  must  be  terminated  at  the 
receiving  end  (75Q  to  ground)  to  absorb  unwanted  en- 
ergy. The  best  performance  can  be  obtained  by  double 
termination  (75fi  in  series  with  the  output  of  the  amplifier, 
and  75Q  to  ground  at  the  other  end  of  the  cable).  This 
termination  is  preferred  because  reflected  energy  is  ab- 
sorbed at  each  end  of  the  cable.  When  using  the  double 
termination  technique  it  is  important  to  note  that  the  signal 
is  attenuated  by  a  factor  of  2,  or  6dB.  For  a  cable  driver  wrth 
again  of  +5  (op  amp  gain  of  +10) the -3dB  bandwidth  is 
56MHz  with  only  0.25dB  of  peaking. 

Using  the  Shutdown  Feature 

The  LT1 1 92  has  a  unique  feature  that  allows  the  amplifier 
to  be  shutdown  for  conserving  power,  or  for  multiplexing 
several  amplifiers  onto  a  common  cable.  The  amplifier  will 
shutdown  by  taking  pin  5  to  V~.  In  shutdown,  the  amplifier 
dissipates  1 5mW  while  maintaining  atrue  high  impedance 
output  state  of  15kQ  in  parallel  with  the  feedback  resis- 
tors. The  amplifiers  must  be  used  in  a  non-inverting 
configuration  for  MUX  applications.  In  inverting  configu- 
rations the  input  signal  is  fed  to  the  output  through  the 
feedback  components.  When  the  output  is  loaded  with  as 
little  as  1kn  from  the  amplifier's  feedback  resistors,  the 
amplifier  shuts  off  in  400ns.  This  shutoff  can  be  under  the 
control  of  HC  CMOS  operating  between  OV  and  -5V. 

Output  Shutdown 


^SHUTDOWN  ' 


VoUT 


1  MHz  SINE  WAVE  GATED  OFF  WITH 
SHUTDOWN  PIN.  Av  =  +10.  RL  =  1k 


LT!>92-TA0e 


Performance  Characteristics  section.  At  very  high  el- 
evated temperatures  it  is  important  to  hold  the  shutdown 
pin  close  to  the  negative  supply  to  keep  the  supply  current 
from  increasing. 

Operating  with  Low  Closed  Loop  Gains 

When  using  de-compensated  amplifiers  it  should  be  real- 
ized that  peaking  in  the  frequency  domain,  and  overshoot 
and  ringing  in  the  time  domain  occur  as  closed  loop  gain 
is  lowered.  The  LT1192  is  stable  to  a  closed  loop  gain  of 
+5,  however,  peaking  and  ringing  can  be  minimized  by 
increasing  the  closed  loop  gain.  For  instance,  the  LT1 1 92 
peaks  +5dB  when  used  in  a  gain  of  +5,  but  peaks  by  less 
than  0.5dB  for  a  closed  loop  gain  of  +10.  Likewise,  the 
overshoot  drops  from  50%  to  4%  for  gains  of  +10. 

Small  Signal  Transient  Response 


Av  =  +10  SMALL  SIGNAL  RISE  TIME,  WITH  FET  PROBES 


Closed  Loop  Voltage  Gain  vs  Frequency 


The  ability  to  maintain  shutoff  is  shown  on  the  curve 
Shutdown  Supply  Current  vs  Temperature  in  the  Typical 


1M  10M        100M  1G 

FREQUENCY  (Hz) 


iTnm.TAto 
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Murphy  Circuits 

There  are  several  precautions  the  user  should  take  when 
using  the  LT1192  in  order  to  realize  its  full  capability. 
Although  the  LT1 1 92  can  drive  a  50pF  load,  isolating  the 
capacitance  with  20£2  can  be  helpful.  Precautions  prima- 
rily have  to  do  with  driving  large  capacitive  loads. 


Murphy 


An  Unterminated  Cable  Is 
a  Large  Capacitive  Load 


A  Scope  Probe  on  the  Inverting 
Input  Reduces  Phase  Margin 


Other  precautions  include: 

1 .  Use  a  ground  plane  (see  Design  Note  50,  High  Frequency 
Amplifier  Evaluation  Board). 

2.  Do  not  use  high  source  impedances.  The  input  capacitance 
of  2pF,  and  Rs  =  1 0k£2  for  instance,  will  give  an  8MHz-3dB 
bandwidth. 

3.  PC  board  socket  may  reduce  stability. 

4.  A  feedback  resistor  of  1  kQ  or  lower  reduces  the  effects 
of  stray  capacitance  at  the  inverting  input. 


A 1X  Scope  Probe  Is  a 
Large  Capacitive  Load 


LT1192  Is  Stable  tor  Gains  >  +5V/V 
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Driving  Capacitive  Load  Driving  Capacitive  Load 
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TECHNOLOGY  video  Difference 

Amplifier 


DCSCRIPTIOn 


Differential  or  Single-Ended  Gain  Block  (Adjustable) 


■  -3dB  Bandwidth,  Av  =  ±2 

■  Slew  Rate 

■  Low  Cost 

■  Output  Current 

■  Settling  Time 

■  CMRR@  10MHz 

■  Differential  Gain  Error 

■  Differential  Phase  Error 

■  Single +5V  Operation 

■  Drives  Cables  Directly 

■  Output  Shutdown 

nppucOTions 

■  Line  Receivers 

■  Video  Signal  Processing 

■  Cable  Drivers 

■  Oscillators 

■  Tape  and  Disc  Drive  Systems 


80MHz 
500V/p.s 

+50mA 
180ns  to  0.1% 
>40dB 
0.2% 
0.08° 


The  LT1193  is  a  video  difference  amplifier  optimized  for 
operation  on  +5V,  and  a  single  +5V  supply.  This  versatile 
amplifier  features  uncommitted  high  input  impedance  (+) 
and  (-)  inputs,  and  can  be  used  in  differential  or  single- 
ended  configurations.  Additionally,  a  second  set  of  inputs 
give  gain  adjustment  and  DC  control  to  the  differential 
amplifier. 

The  LT1193's  high  slew  rate,  500V/u.s,  wide  bandwidth, 
80MHz,  and  +50mA  output  current,  make  it  ideal  for 
driving  cables  directly.  The  shutdown  feature  reduces  the 
power  dissipation  to  a  mere  15mW,  and  allows  multiple 
amplifiers  to  drive  the  same  cable. 

The  LT1 193  is  available  in  8-pin  miniDIPs  and  SO  packages. 
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niisoiUTC  mnximum  RnunGs 

Total  Supply  Voltage  (V + to  V  -)  18V 

Differential  Input  Voltage  +  6V 

Input  Voltage  ±VS 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Junction  Temperature  Range 

LT1193M  -55°C  to150°C 

LT1193C  0°C  to150°C 

Max.  Junction  Temperature  See  Pkg.  Descriptions 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORfLIRTIOn 


ORDFR  PART 

TOP  VIEW 

NUMBER 

t/REF  [T 
-IN 

]TJ  -/FB 

I]V* 

J]  OUT 

5]  S/D 

LT1193MJ8 
LT1193CJ8 
LT1193CN8 
LT1193CS8 

J8  PACKAGE             N8  PACKAGE 
8-LEAO  HERMETIC  DIP  8-LEAD  PLASTIC  DIP 

S8  PACKAGE 

S8  PART  MARKING 

8-LEAD  PLASTIC  SOIC 

LT11S3-POIOI 

1193 

€l€CTRICfll  CHRRRCT6RISTICS  Vs  =  ±5V,  Vref  =  0V,  RFBi  =  900O  from  pins  6  to  8,  RFB2  =  100£i  from  pin  8 
to  ground,  RL  =  Rfbi  +  Rfb2  =  1k  (Note  2),  TA  =  25°C,  CL  <  10pF,  pin  5  open  circuit,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1193M/C 
TYP 

MAX 

UNITS 

Vnq 

Input  Offset  Voltage 

Both  Inputs,  (Note  3) 

2.0 

12.0 

mV 

I  OS 

Input  Offset  Current 

Either  Input 

0.2 

3.0 

uA 

la 

Input  Bias  Current 

Either  Input 

±0.5 

±3.5 

HA 

en 

Input  Noise  Voltage 

f0  =  10kHz 

50 

nVA/Hz 

In 

Input  Noise  Current 

f0  =  10kHz 

4.0 

pAAfHz 

R|N 

Input  Resistance 

Either  Input 

100 

k£2 

C|N 

Input  Capacitance 

Either  Input 

2.0 

PF 

V|N  LIM 

Input  Voltage  Limit 

(Note  4) 

1.3 

V 

Input  Voltage  Range 

-2.5 

+3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -  2.5V  to  +3.5V 

60 

75 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±8V 

60 

75 

dB 

VOUT 

Output  Voltage  Swing 

VS  =  ±5V,  RL  =  1k 

±3.8 

±4.0 

V 

VS  =  ±8V,  RL  =  1k 

+6.8 

±7.0 

VS  =  ±8V,  RL  =  100£1 

6.4 

6.6 

Ge 

Gain  Error 

V0  =  ±3V,  RL  =  1k 

0.1 

1.0 

% 

RL  =  100£2 

0.1 

1.2 

SR 

Slew  Rate 

V0  =  ±2V,  RL  =  300£J,  (Note  5, 10) 

350 

500 

V/u-S 

FPBW 

Full  Power  Bandwidth 

V0  =  6Vp-p,  (Note  6) 

18.5 

26.5 

MHz 

BW 

Small  Signal  Bandwidth 

9.0 

MHz 

tr.tf 

Rise  Time,  Fall  Time 

Av  =  +50,  V0  =  ±1 .5V,  20%  to  80%  (Note  1 0) 

110 

160 

210 

ns 

tpD 

Propagation  Delay 

RL=1k,V0  =  ±125mV,  50%  to  50% 

15 

ns 

Overshoot 

V0  =  ±50mV 

0 

% 

ts 

Settling  Time 

3VStep,  0.1%,  (Note  7) 

180 

ns 

Diff  Av 

Differential  Gain 

RL  =  1500,Av=+2,(Note8) 

0.2 

% 

Diff  Ph 

Differential  Phase 

RL  =  150Q,Av  =  +2,  (Note  8) 

0.08 

Deg.  p-p 

Is 

Supply  Current 

35 

43 

mA 

Shutdown  Supply  Current 

Pin  5  at  V" 

1.3 

2.0 

mA 
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€l€CTRICfll  CHRRRCTCRISTICS  Vs  =  ±5V,  Vref  =  OV,  RFbi  =  900!,  >  from  pins  6  to  8,  RFB2  =  100Q  from  pin  8 
to  ground,  RL  =  RFBi  +  HFB2  =  1k  (Note  2),  TA  =  25  C.  CL  <  10pF,  pin  5  open  circuit,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1193M/C 
MIN       TYP  MAX 

UNITS 

kto 

Shutdown  Pin  Current 

Pin  5  at  V" 

20  50 

MA 

ton 

Turn  On  Time 

Pin  5  from  V"  to  Ground,  RL  =  1k 

300 

ns 

W 

Turn  Off  Time 

Pin  5  from  Ground  to  V",  RL  =  1k 

200 

ns 

€l€CTRICfll  CHARACTERISTICS  Vs+  =  +5V,  Vs  -  =  0V,  VREF  =  +2.5V,  RFBi  =  900£J  from  pins  6  to  8,  RFB2  = 
100U  from  pin  8  to  VREF,  RL  =  Rfbi  +  RFB2  =  1k  (Note  2),  TA  =  25  C,  CL<  10pF,  pin  5  open  circuit,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1193M/C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

Both  Inputs,  (Note  3) 

3.0 

15 

mV 

los 

Input  Offset  Current 

Either  Input 

0.2 

3.0 

HA 

Ib 

Input  Bias  Current 

Either  Input 

±0.5 

±3.5 

HA 

Input  Voltage  Range 

+2.0 

+3.5 

V 

cmrr 

Common  Mode  Rejection  Ratio 

VCM  =  +2.0Vto+3.5V 

55 

70 

dB 

VOUT 

Output  Voltage  Swing 

RL  =  100n  to  Ground 

V0UT  High 

3.6 

3.8 

V 

Vout  Low 

0.25 

0.4 

SR 

Slew  Rate 

V0  =  +1Vto+3V 

250 

V/us 

BW 

Small  Signal  Bandwidth 

8.0 

MHz 

Is 

Supply  Current 

32 

40 

mA 

Shutdown  Supply  Current 

Pin  5  at  V" 

1.3 

2.0 

mA 

lS/D 

Shutdown  Pin  Current 

Pin  5  at  V" 

20 

50 

uA 

CICCTRICAl  CHARACTERISTICS  Vs  =  ±5V,  VREF  =  0V,  RFB1  =  90012  from  pins  6  to  8,  RFB2  ■  1 OOQ  from  pin  8 
to  ground,  RL  =  RFB2  =  1k  (Note  2),  TA--55°C  <  TA<  125°C,  CL  <  10pF,  pin  5  open  circuit,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1193M 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

2.0 

16 

mV 

AVrjs  AT 

Input  Vqs  Drift 

20 

p.V/°C 

los 

Input  Offset  Current 

0.8 

5.0 

HA 

Ib 

Input  Bias  Current 

±1.0 

±5.5 

HA 

Input  Voltage  Range 

-2.5 

+3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5Vto+3.5V 

53 

70 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±2.375Vto±5.0V 

53 

70 

dB 

VOUT 

Output  Voltage  Swing 

RL  =  1k 

3.6 

4.0 

V 

VS  =  ±8V,  RL  =  100J2 

6.0 

6.5 

GE 

Gain  Error 

V0  =  ±3V,  RL  =  1k 

0.2 

1.2 

% 

Is 

Supply  Current 

35 

43 

mA 

Shutdown  Supply  Current 

Pin  5  at  V",  (Note  9) 

1.3 

2.2 

mA 

Is/D 

Shutdown  Pin  Current 

Pin  5  at  V- 

20 

MA 
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€l€CTRICm  CHRRRCTCRISTICS  Vs  =  +5V,  VREF  =  OV,  RFbi  =  900H  from  pins  6  to  8,  RFB2  =  100H  from  pin  8 
to  ground,  Rl  =  Rfbi  +  rfb2  =  1  k  (Note  2).  TA  =  0  C  <  TA  <  70  C,  CL  <  1 0pF,  pin  5  open  circuit,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1193C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

• 

2.0 

14 

mV 

AVos/AT 

Input  Vos  Drift 

20 

uV/°C 

I  OS 

Input  Offset  Current 

0.2 

3.5 

uA 

la 

Input  Bias  Current 

±0.5 

±4.0 

,iA 

Input  Voltage  Range 

-2.5 

+3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5Vto  +3.5V 

55 

70 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±  5.0V 

55 

70 

dB 

VOUT 

Output  Voltage  Swing 

Rl  =  1k 

3.7 

4.0 

V 

RL  =  100£2 

6.2 

6.6 

Ge 

Gain  Error 

V0  =  ±3V,  Rl  =  1k 

0.2 

1.2 

% 

Is 

Supply  Current 

35 

43 

mA 

Shutdown  Supply  Current 

Pin  5  at  V",  (Note  9) 

1.3 

2.1 

mA 

Is/D 

Shutdown  Pin  Current 

Pin  5  at  V" 

20 

HA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  A  heat  sink  is  required  to  keep  the  junction  temperature  below 

absolute  maximum  when  the  output  is  shorted. 

Note  2:  When  RL  =  1k  is  specified,  the  load  resistor  is  Rfbi  +  Rfb2.  du1 

when  Rl  =  100£i  is  specified,  then  an  additional  100Q  is  added  to  the 

output. 

Note  3:  V0s  measured  at  the  output  (pin  6)  is  the  contribution  from  both 
input  pair,  and  is  input  referred. 

Note  4:  V|N  Lim  is  the  maximum  voltage  between  -V|N  and  +Vm  (pin  2 
and  pin  3)  for  which  the  output  can  respond. 
Note  5:  Slew  rate  is  measured  between  ±2V  on  the  output,  with  a  ±  1 V 
input  step,  Av  =  +3. 


Note  6:  Full  power  bandwidth  is  calculated  from  the  slew  rate  measure- 
ment: FPBW  =  SR/2itVp. 

Note  7:  Settling  time  measurement  techniques  are  shown  in  "Take  the 
Guesswork  Out  of  Settling  Time  Measurements,"  EDN,  September  19, 
1985. 

Note  8:  NTSC  (3.58MHz). 

Note  9:  See  Applications  section  for  shutdown  at  elevated  temperatures. 
Do  not  operate  the  shutdown  above  Tj  >  125°C. 
Note  10:  AC  parameters  are  100%  tested  on  the  ceramic  and  plastic  DIP 
packaged  parts  (J  and  N  suffix)  and  are  sample  tested  on  every  lot  of  the 
SO  packaged  parts  (S  suffix). 
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TVPICfiL  P€RFORmnflC€  CHRRRCTCRISTICS 

Input  Bias  Current  vs  Temperature 


Input  Bias  Current  vs 
Mode  Voltage 


I   I  I 

5° 
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Common  Mode  Voltage  vs 
Supply  Voltage 


I  I 
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C 
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350 
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Equivalent  Input  Noise  Voltage  vs 
Frequency 


vs  = 

±5V 

■  V 

25-C 

0£i 

100         1k  10k 
FREQUENCY  (Hz) 


Equivalent  Input  Noise  Current  v 
Frequency 


LT1IM-TPCO* 


100  1k  10k 
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Supply  Current  vs  Supply  Voltage 
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•CI 
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-  25°C 
1 
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"C 
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LT1193-TPCI* 


Shutdown  Supply  Current  vs 
Temperature 


1  — 1  

5  -  « 

3/D-- 

/EE  +  0 

V 
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,2V- 

—f-  V 

-50    -25     0      25     50     75     100  125 
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Gain  Error  vs  Temperature 


-50   -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 


Open  Loop  Gain  vs  Temperature 
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R, 

=  1 

DOS 

> 

I    I    I  I 

-50   -25     0      25     50     75     100  125 
TEMPERATURE  ("C) 


XT! 
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TVPicni  P€RFORmnnc€  characteristics 

Gain,  Phase  vs  Frequency 


Open  Loop  Voltage  Gain  vs 
Load  Resistance 


100k 


1M  10M 
FREQUENCY  (Hz) 


100 

LOAD  RESISTANCE  (Q) 


LT1193-TPCI0 


Gain  Bandwidth  Product  and 
Unity  Gain  Phase  Margin  vs 
Temperature 


Output  Impedance  vs  Frequency 


-50   -25      0      25     50  75 
TEMPERATURE  (*C) 


LT1193  ■  TPC13 


1k        10k      100k       1M  10M 
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Gain  Bandwidth  Product  vs 
Supply  Voltage 


5°C 

25° 

!,  12 

5-C- 
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±  SUPPLY  VOLTAGE  (V) 


LTH93-TPC12 


Common  Mode  Rejection  Ratio  vs 
Frequency 


1M  10M 
FREQUENCY  (Hz) 


100M 


Power  Supply  Rejection  Ratio  vs  Output  Short  Circuit  Current  vs 

Frequency  Temperature  +  Output  Swing  vs  Supply  Voltage 


FREQUENCY  (Hz)  TEMPERATURE  (°C)  tV  SUPPLY  VOLTAGE  (V) 

LT1193-TPC16  LT1193-TPC17 
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Slew  Rate  vs  Temperature 


Output  Voltage  Swing  vs 
Load  Resistance 
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Output  Voltage  Step  vs 
Settling  Time,  Av  =  +2 
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Large  Signal  Transient  Response 


Small  Signal  Transient  Response 

■jggjMUfcmuia 
liiiiiii 


Av  =  +2.  Rl=  150a  RFB  =  300a  RG  =  300Q 

LT1193-TT 


A„  =  -1 0,  SMALL  SIGNAL  RISE  TIME  =  43ns 


Small  Signal  Transient  Response 


Ay  =  +2,  Rfb  =  300!i,  RG  =  300Q,  OVERSHOOT  = 
RISE  TIME  =  4.7ns 
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The  LT1 1 93  is  a  video  difference  amplifier  which  has  two 
uncommitted  high  input  impedance  (+)  and  (-)  inputs. 
The  amplifier  has  one  set  of  inputs  which  can  be  used  for 
reference  and  feedback.  Additionally,  this  set  of  inputs 
give  gain  adjust,  and  DC  control  to  the  differential  ampli- 
fier. The  voltage  gain  of  the  LT1193  is  set  like  a  conven- 
tional operational  amplifier.  Feedback  is  applied  to  pin  8, 
and  it  is  optimized  for  gains  of  2  or  greater.  The  amplifier 
can  be  operated  single-ended  by  connecting  either  the  (+) 
or  (-)  inputs  to  the  -(-/Reference  pin  1 .  The  voltage  gain  is 
set  by  the  resistors:  (Rrb  +  Rg)/Rg- 


SID  SID 


The  primary  usefulness  of  the  LT1193  is  in  converting 
high  speed  differential  signals  to  a  single-ended  output. 
Theamplifier  has  common  mode  rejection  beyond  50MHz, 
and  a  full  power  bandwidth  of  40MHz  at  4Vp-p.  Like  the 
single-ended  case,  the  differential  voltage  gain  is  set  by  the 
external  resistors:  (RFb  +  Rg)/Rg-  The  maximum  input 
differential  signal  for  which  the  output  will  respond  is 
approximately  +1.3V. 


Power  Supply  Bypassing 

The  LT1 193  is  quite  tolerant  of  power  supply  bypassing.  In 
some  applications  a  0.1  u.F  ceramic  disc  capacitor  placed 
1/2  inch  from  the  amplifier  is  all  that  is  required.  A  scope 
photo  of  the  amplifier  output  with  no  supply  bypassing  is 
used  to  demonstrate  this  bypassing  tolerance,  R)_  =  1ka 


No  Supply  Bypass  Capacitors 


Av=  +10,  IN  DEMO  BOARD.  R[_=  1k£! 

LTKH'TM* 


In  many  applications  and  those  requiring  good  settling 
time  it  is  important  to  use  multiple  bypass  capacitors. 
A  0.1  uf  ceramic  disc  in  parallel  with  a  4.7liF  tantalum  is 
recommended.  Two  oscilloscope  photos  with  different 
bypass  conditions  are  used  to  illustrate  the  settling  time 
characteristics  of  the  amplifier.  Note  that  although  the 
output  waveform  looks  acceptable  at  1V/div,  when 


Settling  Time  Poor  Bypass 


SETTLING  TIME  TO  10mV,  Av  =  2 
SUPPLY  BYPASS  CAPACITORS  =  0.1MF 

LT11S3.TMB 
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Settling  Time  Good  Bypass 


Closed  Loop  Voltage  Gain  vs  Frequency 


SETTLING  TIME  TO  10mV,  Av  =  2 
SUPPLY  BYPASS  CAPACITORS  =  0.1|iF  +  4.7nF  TANTALUM 


100k  1M  10M  100M 

FREQUENCY  (Hz) 


LT1193-TA08 


amplified  to  1 0mV/div  the  settling  time  to  1 0mV  is  347ns 
for  the  0.1  ji.F  bypass;  the  time  drops  to  96ns  with  multiple 
bypass  capacitors. 

Operating  With  Low  Closed  Loop  Gains 

The  LT1 1 93  has  been  optimized  for  closed  loop  gains  of  2 
or  greater;  the  frequency  response  illustrates  the  obtain- 
able closed  loop  bandwidths.  For  a  closed  loop  gain  of  2 
the  response  peaks  about  +2dB.  Peaking  can  be  mini- 
mized by  keeping  the  feedback  elements  below  1  kn,  and 
can  be  eliminated  by  placing  a  capacitor  across  the  feed- 
back resistor,  (feedback  zero).  This  peaking  shows  up  as 
time  domain  overshoot  of  about  40%.  With  the  feedback 
capacitor  it  is  eliminated. 

Closed  Loop  Voltage  Gain  vs  Frequency 


Small  Signal  Transient  Response 


=  1 

J 

Vs=±5v'||| 
Tfl=25°C 

=  5 

— rr 

Av  =  3 

 1— I- 

Av  =  2 

1M  10M 
FREQUENCY  (Hz) 


100M 


Av  =  +2,  OVERSHOOT  =  40%,  RFB  =  1k,  RG  =  1k 

LT1IM.1 

Small  Signal  Transient  Response 


E9HKBMI 


Av  =  +2,  WITH  8pF  FEEDBACK  CAPACITOR 
RISE TIME  =  3.75ns,  RFB=1k,RG=1k 
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Cable  Terminations 

The  LT1 1 93  video  difference  amplifier  has  been  optimized  as 
a  low  cost  cable  driver.  The  ±50mA  guaranteed  output 
current  enables  the  LT1193  to  easily  deliver  7.5Vp-p  into 
1 OOfi,  while  operating  on  +5V  supplies,  and  gains  >3.  On  a 
single  5V  supply  the  LT1 1 93  can  swing  2.6Vp-p  for  gains>2. 

When  driving  a  cable  it  is  important  to  terminate  the  cable 
to  avoid  unwanted  reflections.  This  can  be  done  in  one  of 
two  ways:  single  termination  or  double  termination.  With 
single  termination,  the  cable  must  be  terminated  at  the 
receiving  end  {75Q.  to  ground)  to  absorb  unwanted  en- 
ergy. The  best  performance  can  be  obtained  by  double 
termination  (75Q  in  series  with  the  output  of  the  amplifier, 
and  75Q.  to  ground  at  the  other  end  of  the  cable).  This 
termination  is  preferred  because  reflected  energy  is  ab- 
sorbed at  each  end  of  the  cable.  When  using  the  double 
termination  technique  it  is  important  to  note  thatthe  signal 
is  attenuated  by  a  factor  of  2,  or  6dB.  The  cable  driver  has 
a  -3dB  bandwidth  of  80MHz  while  driving  a  ' 

Double  Terminated  Cable  Driver 


Closed  Loop  Voltage  Gain  vs  Frequency 


Using  the  Shutdown  Feature 

The  LT1 193  has  a  unique  feature  that  allows  the  amplifier 
to  be  shutdown  for  conserving  power,  or  for  multiplexing 
several  amplifiers  onto  a  common  cable.  The  amplifier  will 
shutdown  by  taking  pin  5  to  V".  In  shutdown,  the  amplifier 
dissipates  15mW  while  maintaining  atrue  high  impedance 
output  state  of  15kf2  in  parallel  with  the  feedback  resis- 
tors. The  amplifiers  may  be  connected  inverting, 
non-inverting  or  differential  for  MUX  applications.  When 
the  output  is  loaded  with  as  little  as  1  k£2f  rom  the  amplifier's 
feedback  resistors,  the  amplifier  shuts  off  in  200ns.  This 
shutoff  can  be  under  the  control  of  HC  CMOS  operating 
between  0V  and  -5V. 

Output  Shutdown 


ton  =  300ns 


■i 


1MHz  SINE  WAVE  GATED  OFF  WITH  SHUTDOWN  PIN, 
Av  =  +3,  RFB=  1kQ,  RG  =  500£2 

LT1 193  •  TA1Z 

The  ability  to  maintain  shutoff  is  shown  on  the  curve 
Shutdown  Supply  Current  vs  Temperature  in  the  Typical 
Performance  Characteristics  section.  At  very  high  el- 
evated temperatures  it  is  important  to  hold  the  shutdown 
pin  close  to  the  negative  supply  to  keep  the  supply  current 
from  increasing. 


100k  1M  10M 

FREQUENCY  (Hz) 


100M 
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Murphy  Circuits 

There  are  several  precautions  the  user  should  take  when 
using  the  LT1193  in  order  to  realize  its  full  capability. 
Although  the  LT1 1 93  can  drive  a  30pF  in  gains  as  low  as  2, 
isolating  the  capacitance  with  1 0£2  can  be  helpful.  Precau- 
tions primarily  have  to  do  with  driving  large  capactive 
loads. 

Other  precautions  include: 

1 .  Use  a  ground  plane  (see  Design  Note  50,  High  Frequency 
Amplifier  Evaluation  Board). 


2.  Do  not  use  high  source  impedances.  The  input  capaci- 
tance 

of  2pF,  and  Rs  =  1 0ka  for  instance,  will  give  an  8MHz-3dB 
bandwidth. 

3.  PC  board  socket  may  reduce  stability. 

4.  A  feedback  resistor  of  1  kil  or  lower  reduces  the  effects 
of  stray  capacitance  at  the  inverting  input.  (For  instance, 
closed  loop  gain  of  ±2  can  use  RFB  =  300fi  and  RG  =  300Q.) 


Driving  Capacitive  Load 


Driving  Capacitive  Load 


Mi 


=  +2,  IN  DEMO  BOARD,  CL=  30pF 
Rjjg  =  Ik,  %  =  tR 


Av  =  +2,  IN  DEMO  BOARD,  CL=  30pF 
WITH  10Q  ISOLATING  RESISTOR 


An  Unterminated  Cable  Is 
a  Large  Capacitive  Load 


Murphy  Circuits 


LT1193-TA13 


A 1X  Scope  Probe  Is  a 
Large  Capacitive  Load 


A  Scope  Probe  on  the  Inverting 
Input  Reduces  Phase  Margin 


XTlffil 
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simpiiFi€D  scHemnTic 


LT1 193  * 
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urn®. 

TECHNOLOGY 


F€ATUR€S 

■  Differential  or  Single-Ended  Gain  Block  ±10(20dB) 


■  -3dB  Bandwidth 

■  Slew  Rate 

■  Low  Cost 

■  Output  Current 

■  Settling  Time 

■  CMRR®  10MHz 

■  Differential  Gain  Error 

■  Differential  Phase  Error 

■  Input  Amplitude  Limiting 

■  Single +5V  Operation 

■  Drives  Cables  Directly 

Appucfflions 

■  Line  Receivers 

■  Video  Signal  Processing 

■  Gain  Limiting 

■  Oscillators 

■  Tape  and  Disc  Drive  Systems 


35MHz 
500V/ns 

±50mA 
200ns  to  0.1% 
45dB 
0.2% 
0.08° 


 LT1194 

Video  Difference 
Amplifier 

DCSCRIPTIOH 

The  LT1194  is  a  video  difference  amplifier  optimized  for 
operation  on  ±  5V,  and  a  single +5Vsupply.  The  amplifier  has 
a  fixed  gain  of  20dB,  and  features  adjustable  input  limiting 
to  control  tough  over-drive  applications.  It  has  uncommit- 
ted high  input  impedance  (+)  and  (-)  inputs,  and  can  be 
used  in  differential  or  single-ended  configurations. 

The  LT1194's  high  slew  rate,  500V/ns,  wide  bandwidth, 
35MHz,  and  ±50mA  output  current,  make  it  ideal  for  driv- 
ing cables  directly.  This  versatile  amplifier  is  easy  to  use 
for  video,  or  applications  requiring  speed,  accuracy,  and 
low  cost. 

The  LT1 1 94  is  available  in  8-pin  miniDIPs  and  SO  packages. 


Wideband  Differential  Amplifier 
with  Limiting 


Sine  Wave  Reduced  by  Limiting 


7pF-45pF| 


3 

2 

1|lF 

V 

5 

X- 

1 

VCONTROL 


Av=  1000, -3dBBW  =  35MHz 


200kHz  SINE  WAVE  WITH  VC0NTR0L  =  -5V,  -IV.  -3V.  -2V 


LTl  ,94  •  TAOZ 
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absolute  mnximum  rrtirgs     prckrgc/orixr  infonmnTion 

Total  Supply  Voltage  (V+to  V")  18V 

Differential  Input  Voltage  +  fiv 


Input  Voltage  ±Vs 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Junction  Temperature  Range 

LT1194M  -55°Cto150°C 

LT1194C  0°Cto150°C 

Max.  Junction  Temperature  See  Pkg.  Descriptions 

Storage  Temperature  Range  -65°C  to  150°C 

 300°C 


TOP  VIEW 

ORDER  PART 
NUMBER 

BAUVc  ^ 
-IN  (7 
+IN  [7 

v-  [7 

W 

7J  BAUVc 

JJ  OUT 
JJ  REF 

LT1194MJ8 
LT1194CJ8 
LT1194CN8 
LT1194CS8 

J8  PACKAGE             N8  PACKAGE 
8-LEAO  HERMETIC  DIP  8-LEAD  PLASTIC  DIP 

S8  PACKAGE 

S8  PART  MARKING 

8-LEAD  PLASTIC  SOIC 

LT11M-PON1 

1194 

€l€CTRICRl  CHRRRCT6RISTICS 

VS  =  ±5V,  VREF  =  0V,  Null  pins  1  and  8  open  circuit,  TA  =  25°C,  CL<10pF,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1194M/C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

1.0 

6.0 

mV 

los 

Input  Offset  Current 

0.2 

3.0 

mA 

Ib 

Input  Bias  Current 

±0.5 

±3.5 

HA 

en 

Input  Noise  Voltage 

f0  =  10kHz 

15 

nV/VHz 

in 

Input  Noise  Current 

f0  =  10kHz 

4.0 

pAAfflz 

RlN 

Input  Resistance 

Either  Input 

30 

kQ 

C|N 

Input  Capacitance 

Either  Input 

2.0 

PF 

Input  Voltage  Range 

-2.5 

+3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5Vto+3.5V 

65 

80 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  +2.375Vto±8V 

65 

80 

dB 

VOMAX 

Maximum  Output  Signal 

Vs  =  ±8V.  (Note  2) 

+3.9 

±4.3 

V 

Vlim 

Output  Voltage  Limit 

Vi  =  ±0.5V,  VC  =  +2V,  (Note  3) 

±20 

±120 

mV 

VOUT 

Output  Voltage  Swing 

VS  =  ±8V,  VREF  =  +3V 

RL  =  1k 

+  6.6 

+6.9 

V 

RL  =  100Q 

+  6.3 

+6.7 

VS  =  ±8V,  VREF  =  -3V 

RL  =  1k 

-6.7 

-7.4 

RL  =  100£2 

-6.4 

-6.7 

VS  =  ±5V,  VREF  =  0V,  RL  = 

1k 

±3.8 

±4.0 

Ge 

Gain  Error 

V0  =  ±3V 

RL  =  1k 

0.5 

3.0 

% 

RL=  100£2 

0.5 

3.0 

SR 

Slew  Rate 

V0=±1V,  RL  =  1k,  (Note  4,  8) 

350 

500 

V/hs 

FPBW 

Full  Power  Bandwidth 

V0  =  6Vp-p,  (Note  5) 

18.5 

26.5 

MHz 

BW 

Small  Signal  Bandwidth 

35 

MHz 

tr.tf 

Rise  Time,  Fall  Time 

R|_  =  1k,  V0  =  ±500mV,  20%  to  80%, 
(Note  8) 

4.0 

6.0 

8.0 

ns 

•PD 

Propagation  Delay 

R(_  =  1k,  Vo  =  ±125mV,  50%  to  50% 

6.5 

ns 

Overshoot 

V0  =  ±125mV 

0 

% 
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€l€CTRICRl  CHRRRCTCRISTICS 

Vs  =  ±5V,  Vref  =  OV,  Null  pins  1  and  8  open  circuit,  TA  =  25  C  CL  <  lOpF.  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1194M/C 
MIN       TYP  MAX 

UNITS 

Settling  Time 

3V  Step,  0.1%,  (Note  6) 

200 

ns 

Diff  Av 

Differential  Gain 

RL=150Q,  (Note  7) 

0.2 

% 

Diff  Ph 

Differential  Phase 

RL  =  150n,  (Note  7) 

0.08 

Deg  p-p 

Is 

Supply  Current 

35  43 

mA 

€l€CTRICfll  CHRRRCT€RISTICS 

Vs+  =  +5V,  Vs  =  OV,  VREF  =  +2.5V,  Null  pins  1  and  8  open  circuit,  TA  =  25  C,  CL  <  10pF,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1194M/C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

2.0 

8.0 

mV 

los 

Input  Offset  Current 

0.2 

3.0 

HA 

Ib 

Input  Bias  Current 

±0.5 

±3.0 

(jA 

Input  Voltage  Range 

+  2.0 

+  3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  +2.0Vto+3.5V 

55 

70 

dB 

Vlim 

Output  Voltage  Limit 

V,  =  ±0.5V,  VC  =  +2V,  (Note  3) 

±20 

±120 

mV 

VoUT 

Output  Voltage  Swing 

RL  =  100fi  to  Ground 

Vout  High 

3.6 

3.8 

V 

Vqut  Low 

0.25 

0.4 

SR 

Slew  Rate 

V0  =  +  1Vto+3V 

250 

V/U.S 

BW 

Small  Signal  Bandwidth 

32 

MHz 

Is 

Supply  Current 

32 

40 

mA 

€l€CTRICRl  CHRRflCTCRISTICS 

Vs+  =  ±5V,  VREF  =  0V,  Null  pins  1  and  8  open  circuit,  -55  C  <  TA  <  125  C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1194M 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

1.0 

9.0 

mV 

AV0s/AT 

Input  V0s Drift 

6.0 

nv/°c 

los 

Input  Offset  Current 

0.8 

5.0 

HA 

Ib 

Input  Bias  Current 

±1.0 

±5.5 

iiA 

Input  Voltage  Range 

-2.5 

+  3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5Vto+3.5V 

58 

80 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±  5.0V 

60  80 

dB 

Vlim 

Output  Voltage  Limit 

Vi  =  ±0.5V,  Vc  =  +2V, 
(Note  3) 

+20 

±150 

mV 

Vout 

Output  Voltage  Swing 

Vs  =  ±8V 

R[_  =  1k 

+6.0 

+6.6 

V 

VREF  =  +3V 

RL=  ioon 

+  5.9 

+6.5 

VS  =  ±8V 

RL  =  1k 

-6.1 

-6.7 

Vref  =  -3V 

RL  =  100£2 

-6.0 

-6.5 

Ge 

Gain  Error 

V0  =  ±3V,  RL  =  1k 

1.0 

5.0 

% 

Is 

Supply  Current 

35 

43 

mA 
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€l€CTMCni  CHRRRCTCRISTICS 

Vs+  =  +5V,  VREF  =  OV,  Null  pins  1  and  8  open  circuit,  0°C  <  TA  <  70°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1194C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

1.0 

7.0 

mV 

AV0S/AT 

Input  Vos  On" 

6.0 

|jV/°C 

los 

Input  Offset  Current 

0.2 

3.5 

uA 

le 

Input  Bias  Current 

±0.5 

±4.0 

HA 

Input  Voltage  Range 

-2.5 

+  3.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  -2.5V  to  +3.5V 

60 

80 

rJB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±  5.0V 

60 

80 

dB 

Vlim 

Output  Voltage  Limit 

V,  =  ±0.5V,  Vc  =  +2V,  (Note  3) 

±20 

±130 

mV 

VOUT 

Output  Voltage  Swing 

VS  =  ±8V 

R[_  =  1k 

+  6.2 

+6.9 

V 

VREF  =  +3V 

Rl  -  10012 

+6.1 

+  6.7 

VS  =  ±8V 

RL  =  1k 

-6.4 

-7.2 

VREf  =  -3V 

RL  =  100Q 

-6.2 

-6.6 

Gain  Error 

V0  =  ±3V,  RL  =  1k 

1.0 

4.0 

% 

Is 

Supply  Current 

35 

43 

mA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  A  heat  sink  is  required  to  keep  the  junction  temperature  below 
absolute  maximum  when  the  output  is  shorted. 
Nole  2:  There  are  two  limitations  on  signal  swing.  Output  swing  is  limited 
by  clipping  or  saturation  in  the  output  stage.  Input  swing  is  controlled  by 
an  adjustable  input  limiting  function.  On  Vs  =  ±5V,  the  overload 
characteristic  is  output  limiting,  but  on  ±8V  the  overload  characteristic  is 
input  limiting.  Vomax  is  measured  with  the  null  pins  open  circuit. 
Note  3:  Output  amplitude  is  reduced  by  the  input  limiting  function.  The 
input  limiting  function  occurs  when  the  null  pins,  1  and  8,  are  tied 
together  and  raised  to  a  potential  0.3V  or  more  above  the  negative  supply. 


Note  4:  Slew  rate  is  measured  between  ±1 V  on  the  output,  with  a  ±0.3V 
input  step. 

Note  5:  Full  power  bandwidth  is  calculated  from  the  slew  rate  measure- 
ment: FPBW  =  SR/2itVp. 

Note  6:  Settling  time  measurement  techniques  are  shown  in  "Take  the 
Guesswork  Out  of  Settling  Time  Measurements,"  EDN,  September  1 9, 1 985. 
Note  7:  NTSC  (3.58MHz). 

Note  8:  AC  parameters  are  1 00%  tested  on  the  ceramic  and  plastic  DIP 
packaged  parts  (J  and  N  suffix)  and  are  sample  tested  on  every  lot  of  the 
SO  packaged  part  (S  suffix). 


Optional  Offset  Nulling  Circuit 


Input  Limiting  Connection 


Input  Limiting  with  Offset  Nulling 


INPUT  OFFSET  VOLTAGE  CAN  8E  ADJUSTED  OVER  A  ±250mV 
RANGE  WITH  A  1k£!  TO  lOkSi  POTENTIOMETER 


(NOTE  3) 


(NOTE  3) 

LT1194-TA05 


LT1194-TA03 
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TVPICRL  P€RFORmnnC€  CHRRRCT6RISTICS 


Input  Bias  Current  vs  Common  Common  Mode  Voltage  vs 

Mode  Voltage  Input  Bias  Current  vs  Temperature  Supply  Voltage 


COMMON  MODE  VOLTAGE  (V)  TEMPERATURE  ("0  ±V  SUPPLY  VOLTAGE  (V) 

miM-TPCOl  LTIIW.1TOO  ITilWTPCOS 
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LT1194 


TYPICAL  P€RFORmflnC€  CHRRRCT€RISTICS 


Output  Impedance  vs  Frequency 


10k      100k       1M  10M 
FREQUENCY  (Hz) 


100M 


Common  Mode  Rejection  Ratio  vs 
Frequency  (Output  Referred 


100k 


V 

*  = 

:5V 

T 
n 

;5"C 
ka- 

LT1 194  ■  TPC10 


1M  10M 
FREQUENCY  (Hz) 


100M 


Power  Supply  Rejection  Ratio  vs 
Frequency  (Output  Referred) 


LT1194-TPC13 


Output  Short  Circuit  Current  vs  Output  Voltage  Limiting  vs  Output  Voltage  vs  Voltage  On 

Temperature  Supply  Voltage  Control  Pins 


-50    -25     0      25     50     75     100    125  0  2  4         6  8         10  -6      -5      -4       -3      -2      -1  0 

TEMPERATURE  (°C)  ±  SUPPLY  VOLTAGE  (V)  VOLTAGE  ON  CONTROL  PINS  (V) 

LT1 1 94  ■  TPC 1 3  LT1 194  ■  TPC14  LT1 194  ■  TPC15 


Voltage  Gain  vs  Frequency  with 
Control  Voltage 

30 


1M  10M  100M 

FREQUENCY  (Hz) 


Output  Voltage  Swing  vs 
Load  Resistance 


LT1194-TPC16 


100 

LOAD  RESISTANCE  (Q) 


1000 


Slew  Rate  vs  Temperature 


a  700 

:  .-• 

£=  600 
oz 

§ 

S  500 
400 


Vs  =+5V 

-a 

tv 

hi/ 

it 

~RL=1k£2  ' 

+9V  - 

h 

+SL 

EW 

HI 

TE 

LT1194-TPC17 


-50    -25      0       25      50      75     100  125 
TEMPERATURE  (°C) 


LT1194-TPC18 
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LT1194 


Tvpicm  pcRFORmnncc 

Output  Voltage  Step  vs 
Settling  Time 


VS  =  ±5V 

T.  OG*P 

'P 

» 

ks 

1 

hi 

1 

On 

V 

40     60      80     100    120    140    160  18 
SETTLING  TIME  (ns) 


LT1194-TPC19 


Common  Mode  Rejection 


NON-INVERTING     V  |l  ^1 

INPUT 


INVERTING 
INPUT 


OUTPUT 


1 

■it 

..mm 

\ 

/ 

\ 

/ 

/ 

\ 

/ 
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/ 

eoajv  2 

30l 

\ 

IS 

. 

■ 

5MHz  SINE  WAVE  RECOVERED  FROM  COMMON  MODE  NOISE 

LTiwrpcas 
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nppLicnTions  inFORmnnon 

The  LT1 1 94  is  a  video  difference  amplifier  with  afixed  gain 
of  1 0  (20dB).  The  amplifier  has  two  uncommitted  high  input 
impedance  (+)  and  (-)  inputs  which  can  be  used  either 
differentially  or  single-ended.  The  LT1194  includes  a 
Limiting  feature  which  allows  the  amplifier  to  reduce  its 
output  as  a  function  of  DC  voltage  on  the  BAL/VC  pins.  The 
Limiting  feature  uses  input  differential  pair  limiting  to 
prevent  overload  in  subsequent  stages.  This  technique 
allows  extremely  fast  limiting  action. 

Input  Limiting 


20dB  INPUT  OVERDRIVE  Vc  =-4.2V 

LT1I94-TAM 


Power  Supply  Bypassing 

The  LT1 1 94  is  quite  tolerant  of  power  supply  bypassing.  In 
some  applications  a  0.1|xF  ceramic  disc  capacitor  placed 
1/2  inch  from  the  amplifier  is  all  that  is  required.  A  scope 
photo  of  the  amplifier  output  with  no  supply  bypassing  is 
used  to  demonstrate  this  bypassing  tolerance,  Rl  =  1kfi. 


No  Supply  Bypass 


IN  DEMO  BOARD,  RL  =  1kIi 

LTI194-TA07 


In  many  applications,  and  those  requiring  good  settling 
time,  it  is  important  to  use  multiple  bypass  capacitors.  A 
0.1  (iF  ceramic  disc  in  parallel  with  a  4.7u-F  tantalum  is 
recommended.  Two  oscilloscope  photos  with  different 
bypass  conditions  are  used  to  illustrate  the  settling  time 
characteristics  of  the  amplifier.  Note  that  although  the 
output  waveform  looks  acceptable  at  1  V/div,  when  ampli- 
fied to  1 0mV/div  the  settling  time  to  1 0mV  is  200ns.  The 
time  drops  to  1 62ns  with  multiple  bypass  capacitors,  and 
does  not  exhibit  the  characteristic  power  supply  ringing. 

Settling  Time  Poor  Bypass 


SETTLING  TIME  TO  10mV, 
SUPPLY  BYPASS  CAPACITORS  =  O.ljaF 

LTUM'TMS 


Settling  Time  Good  Bypass 


SETTLING  TIME  TO  10mV.  SUPPLY  BYPASS 
CAPACITORS  =  0.1MF  +  4.7MF  TANTALUM 

LT11W-TA09 
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nppucfiTions  inFORmnnon 


Cable  Terminations 

The  LT1 1 94  video  difference  amplifier  has  been  optimized 
as  a  low  cost  cable  driver.  The  ±50mA  guaranteed  output 
current  enables  the  LT1 1 94  to  easily  deliver  7.5Vp-p  into 
100Q,  while  operating  on  ±5V  supplies,  or  2.6Vp-p  on  a 
single  5V  supply. 

When  driving  a  cable  it  is  important  to  terminate  the  cable 
to  avoid  unwanted  reflections.  This  can  be  done  in  one  of 
two  ways:  single  termination  or  double  termination.  With 
single  termination,  the  cable  must  be  terminated  at  the 
receiving  end  (75Q  to  ground)  to  absorb  unwanted  en- 
ergy. The  best  performance  can  be  obtained  by  double 
termination  (75Q  in  series  with  the  output  of  the  amplifier, 
and  75il  to  ground  at  the  other  end  of  the  cable).  This 
termination  is  preferred  because  reflected  energy  is  ab- 
sorbed at  each  end  of  the  cable.  When  using  the  double 
termination  technique  it  is  important  to  note  that  the  signal 
is  attenuated  by  a  factor  of  2,  or  6dB.  For  a  cable  driver  with 
a  gain  of  +5  (LT1 1 94  gain  of  +1 0),  the  -3dB  bandwidth  is 
over  30MHz  with  no  peaking. 

Double  Terminated  Cable  Driver 


Voltage  Gain  vs  Frequency 


16 
14 

S  12 

§  10 


I  I 

III 

25°C  J 

2 

100k 


1M  10M 
FREQUENCY  (Hz) 


100M 


A  Voltage  Controlled  Current  Source 

The  LT1194  can  be  used  to  make  a  fast,  precise,  voltage 
controlled  current  source.  The  LT1194  high  speed  differ- 
ential amplifier  senses  the  current  delivered  to  the  load. 
The  input  signal  Vin,  applied  to  the  (+)  input  of  the  LT1 1 91 , 
will  appear  at  the  (-)  input  if  the  feedback  loop  is  properly 
closed.  In  steady  state  the  input  signal  appears  at  the 
output  of  the  LT1194,  and  1/10  of  this  signal  is  applied 
across  the  sense  resistor.  Thus  the  output  current  is 
simply: 


lo  = 


Vin 
Rx10 


The  compensation  capacitor  Crj  forces  the  LT1191  to  be 
the  dominate  pole  for  the  loop,  while  the  LT1 1 94  is  fast 
enough  to  be  transparent  in  the  feedback  path.  The  ratio  of 
the  load  resistor  to  the  sense  resistor  should  be  approxi- 
mately 10:1  or  greater  for  easy  compensation.  For  the 
example  shown  the  load  resistor  is  100Q,  the  sense 
resistor  is  5.1  Q,  and  various  loop  compensation  capaci- 
tors cause  the  output  to  exhibit  an  underdamped,  criti- 
cally, and  overdamped  response. 


Voltage  Controlled  Current  Source 


|  l0  =  ±20mA 


LT11M-TA10 
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Appucnnons  inFORmnnon 


Output  Current  Response 


Cc  =  20pF 


mm 
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■'V'  ■  ■: 
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wk 

±20mA  CURRENT  SOURCE  WITH  DIFFERENT 
COMPENSATION  CAPACITORS 

LT1194-TA18 

Differential  Video  Loop  Thru  Amplifier  for  Power  Down 
Applications 


CABLE 


1%  RESISTOR  WORST  CASE  CMRR  =  22dB 
TYPICALLY  =  38dB 


Murphy  Circuits 

There  are  several  precautions  the  user  should  take  when 
using  the  LT1194  in  order  to  realize  its  full  capability. 
Although  the  LT1194  can  drive  a  50pF  capacitive  load, 
isolating  the  capacitance  with  1 0D  can  be  helpful.  Precau- 
tions primarily  have  to  do  with  driving  large  capacitive 
loads. 


Other  precautions  include: 

1 .  Use  a  ground  plane  (see  Design  Note  50,  High  Frequency 
Amplifier  Evaluation  Board). 

2.  Do  not  use  high  source  impedances.  The  input  capacitance 
of  2pF,  and  Rs  =  10kO,  for  instance,  will  give  an  8MHz 
-3dB  bandwidth. 

3.  PC  board  socket  may  reduce  stability. 


Driving  Capacitive  Load 


LT1194  IN  DEMO  BOARD,  CL  =  50pF 


Driving  Capacitive  Load 


LT1194  IN  DEMO  BOARD,  CL  =  50pF 
WITH  10S2  ISOLATING  RESISTOR 

LT1I94-TA12 


2-180 


urrciAB. 

TECHNOLOGY 


_  LT12Q0 

Low  Power  High  Speed 
Operational  Amplifier 


F€flTUR€S 

■  1mA  Supply  Current 

■  50V/u.s  Slew  Rate 

■  11  MHz  Gain  Bandwidth 

■  Unity  Gain  Stable 

■  430ns  Settling  Time  to  0.1%,  10V  Step 

■  6V/mV  DC  Gain,  RL  =  2kQ 

■  1mV  Maximum  Input  Offset  Voltage 

■  50nA  Input  Offset  Current 

■  500nA  Input  Bias  Current 

■  ±12V  Minimum  Output  Swing  into  2ki2 

■  Wide  Supply  Range  +2.5Vto  ±15V 

■  Drives  All  Capacitive  Loads 

nppucRTions 

■  Wideband  Amplifiers 

■  Buffers 

■  Active  Filters 

■  Data  Acquisition  Systems 


DCSCRIPTIOn 

The  LT1 200  is  a  low  power  high  speed  operational  amplifier 
with  excellent  DC  performance.  The  LT1200  features 
much  lower  supply  current  than  devices  with  comparable 
bandwidth  and  slew  rate.  The  circuit  is  a  single  gain  stage 
with  outstanding  settling  characteristics.  The  fast  settling 
time  makes  the  circuit  an  ideal  choice  for  data  acquisition 
systems.  The  output  is  capable  of  driving  a  2kQ  load  to 
+1 2V  with  ±1 5V  supplies  and  a  500D  load  to  ±3V  on  ±5V 
supplies.  The  circuit  is  also  capable  of  driving  large 
capacitive  loads  which  makes  it  useful  in  buffer  or  cable 
driver  applications. 

The  LT1200  is  a  member  of  a  family  of  fast,  high  per- 
formance amplifiers  that  employ  Linear  Technology 
Corporation's  advanced  bipolar  complementary 
processing. 
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LT1200 


nftsoiuTC  mnximum  RnnnGs 

Total  Supply  Voltage  (V  to  V")  36V 

Differential  Input  Voltage  +6V 

Input  Voltage  ±Vs 

Output  Short  Circuit  Duration  (Note  1)  Indefinite 

Operating  Temperature  Range 

LT1200C  0  C  to  70  'C 

Maximum  Junction  Temperature 

Plastic  Package  150°C 

Storage  Temperature  Range  -65°C  to150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


N8  PACKAGE  S8  PACKAGE 

i-LEAD  PLASTIC  DIP   8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LT1200CN8 
LT1200CS8 


S8  PART  MARKING 


1200 


€l€CTMCm  CHRRRCTCRISTICS  Vs  =  ±15V,  TA  =  25°C,  VCm  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN           TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  2) 

0.5  1.0 

mV 

I  OS 

Input  Offset  Current 

50  100 

nA 

Ie 

Input  Bias  Current 

0.5  1,0 

ma 

e„ 

Input  Noise  Voltage 

f  =  10kHz 

30 

nVAHz 

in 

Input  Noise  Current 

f  =  10kHz 

0.7 

pAA'Hz 

RlN 

Input  Resistance 

VCM  =  ±12V 

48  90 

Mfi 

Input  Resistance                            Differential  500 

ki2 

C|N 

Input  Capacitance 

2 

PF 

Input  Voltage  Range* 

12  14 

V 

Input  Voltage  Range' 

-13  -12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±12V 

80  100 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±5V  to  ±1 5V 

80  90 

dB 

AvOL 

Large  Signal  Voltage  Gain 

Vout  =  ±10V,  RL  =  5k£2 
VOUT  =  ±10V,  RL  =  2k£2 

4  8 
3  6 

V/mV 
V/mV 

VOUT 

Output  Swing 

RL  =  2k£2 

12.0  13.8 

iV 

'OUT 

Output  Current 

V0UT  =  ±12V 

6  12 

mA 

SR 

Slew  Rate 

AVcl  =  -2,  (Note  3) 

30  50 

V/lis 

Full  Power  Bandwidth 

10V  Peak,  (Note  4) 

0.8 

MHz 

GBW 

Gain  Bandwidth 

f  =  0.1MHz 

11 

MHz 

Rise  Time,  Fall  Time 

Avcl  =  +1. 10%  to  90", ,0.1V 

18 

ns 

Overshoot 

AVCL  =  +1,  0.1V 

25 

% 

Propagation  Delay 

50%  V|N  to  50%  V0UT 

18 

ns 

ts 

Settling  Time 

10V  Step,  0.1% 

430 

ns 

Ro 

Output  Resistance 

Avcl  =  +1,  f  =  0.1MHz 

1.1 

a 

is 

Supply  Current 

1  1,4 

mA 
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€l€CTRICRl  CHARACTERISTICS  Vs  =  m,  TA  =  25  C.  VCM  =  OV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN          TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  2) 

1.0 

3.0 

mV 

los 

Input  Offset  Current 

50 

100 

nA 

Ib 

Input  Bias  Current 

0.5 

1.0 

HA 

Input  Voltage  Range* 

V 

Input  Voltage  Range" 

-3 

-2.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±2.5V 

80  100 

dB 

AVOL 

Large  Signal  Voltage  Gain 

V0Ut  =  ±2-5V,  RL  =  2k£2 

2.5 

5 

V/mV 

V0ut  =  ±2.5V,  RL  =  1kn 

2.0 

4 

V/mV 

VOUT 

Output  Voltage 

rl  =  soon 

3.0 

4.0 

±V 

'OUT 

Output  Current 

V0UT  =  ±3V 

6 

12 

mA 

SR 

Slew  Rate 

AVCl  =  -2,  (Note  3) 

20 

33 

V/us 

Full  Power  Bandwidth 

3V  Peak,  (Note  4) 

1.7 

MHz 

GBW 

Gain  Bandwidth 

f  =  0.1  MHz 

8.5 

MHz 

tr.tf 

Rise  Time,  Fall  Time 

AVcl  =  +1.10%-90%,0.1V 

23 

ns 

Overshoot 

AVrji  =  +1,0.1V 

20 

% 

Propagation  Delay 

50%  V|N  to  50%  V0Ut 

23 

ns 

ts 

Settling  Time 

-2.5V  to  2.5V,  0.1% 

300 

ns 

Is 

Supply  Current 

1  1.4 

mA 

€l€CTRICRl  CHRRRCT€RISTICS  0°C  <  TA  <  70°C,  VCm  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN       TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

VS  =  ±15V,  (Note  2) 
Vs  =  +5V,  (Note  2) 

0.5  2.0 
1.0  3.5 

mV 
mV 

Input  Vos  Drift 

11 

uV/°C 

los 

Input  Offset  Current 

Vs  =  ±15Vand  VS  =  ±5V 

50  150 

nA 

Ib 

Input  Bias  Current 

Vs  =  ±15VandVs  =  ±5V 

0.5           1  2 

uA 

CMRR 

Common  Mode  Rejection  Ratio 

Vs  =  ±1 5V,  VCM  =  ±1 2V;  Vs  =  ±5V,  VCM  =  ±2.5V 

80  100 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto±15V 

80  90 

dB 

Avol 

Large  Signal  Voltage  Gain 

Vs  =  ±15V,VOut  =  ±10V,  RL  =  5k£2 
Vs  =  ±15V,Vout  =  ±10V,  RL  =  2k£2 
VS  =  ±5V,V0UT  =  ±2.5V,  RL  =  2k£J 
VS  =  ±5V,V0UT  =  ±2.5V,  RL  =  1k£J 

3.5  8 

2.5  6 
2.0  5 

1.6  4 

V/mV 
V/mV 
V/mV 
V/mV 

VOUT 

Output  Swing 

VS  =  ±15V,  RL  =  2kQ 
Vs  =  ±5V,  RL  =  500Q 

12.0  13.8 
3.0  4.0 

±V 

±v 

'OUT 

Output  Current 

VS  =  +15V,  V0UT  =  ±12V 
VS  =  ±5V,  V0UT  =  ±3V 

6  12 
6  12 

mA 
mA 

SR 

Slew  Rate 

Vs  =  ±15V,AVCL  =  -2,(Note3) 
Vs  =  ±5V,AVCL  =  -2,  (Note  3) 

27  50 
18  33 

V/ms 
V/ms 

Is 

Supply  Current 

VS  =  ±15V  andVs  =  ±5V 

1  1.6 

mA 

Note  1:  A  heat  sink  may  be  reguired  to  keep  the  junction  temperature  Note  3:  Slew  rate  is  measured  in  a  gain  of  -2  between  ±10V  on  the  output 

below  absolute  maximum  when  the  output  is  shorted  indefinitely.  with  ±6V  on  the  input  for  ±1 5V  supplies  and  ±2V  on  the  output  with 

Note  2:  Input  offset  voltage  is  tested  with  automated  test  equipment  ±1  -75V  on  the  input  for  ±5V  supplies, 

in  <1  second.  Note  4:  Full  power  bandwidth  is  calculated  from  the  slew  rate 

measurement:  FPBW  =  SR/2rcVp. 
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TVPICfiL  P€ftFORmnnC€ 


Input  Common  Mode  Range  vs 
Supply  Voltage 


S  15 


TA  =  25 
AV0S< 

c 

ImV 

tVCM  A 

0  5  10  15 

SUPPLY  VOLTAGE  (tV) 


Supply  Current  vs  Supply  Voltage 


<  1.05 
E 


0.90 


TA  =  25nC 

5  10  15 

SUPPLY  VOLTAGE  (±V> 


Output  Voltage  Swing  vs 
Supply  Voltage 


a  15 

CO 

<■  10 


TA  =  25 
RL=2k. 
AV0S  = 

C 

30mV 

0  5  10  15  20 

SUPPLY  VOLTAGE  (iV) 


Output  Voltage  Swing  vs 
Resistive  Load 


30 

25 

> 

m 

20 

5a 

15 

o 

> 

10 

a_ 
— 

o 

S 

0 

=  11 

5V 

VS=;±5 

TA  =  25°C 
iVos  =  30mV 
J  1 —  I 

Supply  Current  vs  Temperature 


1.75 

1.50 

-■1.25 
.  - 

1 1.00 
o 
■ 

8:0.75 
=) 

0.50 
0.25 


VS  =  ±15V 

Input  Bias  Current  vs  Input 
Common  Mode  Voltage 


Open  Loop  Gain  vs 
Resistive  Load 


Ta  = 

-  iB  = 

±15V 
25°C 
lB*  +  'b~ 

2 

f 

^  

10k  100k  -15     -10      -5       0        5  10 

(Si)  INPUT  COMMON  MODE  VOLTAGE  (V) 

LT13WGM  LT120OGI 


Input  Bias  Current  vs  Temperature 


-50   -25      0      25      50     75     100  125 
TEMPERATURE  (X) 


560 

'  540 
<c 

£  520 

tr 
cc 

3  500 
< 

CO 

5  480 

O- 
Z 

460 
440 


Vs  =  ±15V 
In*  +  Ipf 

-50   -25      0      25      50     75     100  125 
TEMPERATURE  CO 


1k  10k  100k 

LOAD  RESISTANCE  (Q) 


Output  Short-Circuit  Current  vs 
Temperature 


=  i5V 

SO 

URCE 

SINK 

-50   -25     0      25      50     75     100  125 
TEMPERATURE  (°C) 


£jx§m 
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TVPICflL  P€RFORmnnC€  CHRRRCT€RISTICS 


Input  Noise  Spectral  Density 


100  1k  10k 

FREQUENCY  (Hz) 


Power  Supply  Rejection  Ratio  vs 
Frequency 


vs  = 

e15V 
5'C 

+PSRR 

-PS 

Common  Mode  Rejection  Ratio  vs 
Frequency 


120 
100 
80 
60 
40 
20 


VS  =  ±15V 
Tfl  =  25"C 

100     1k       10k     100k  1M 
FREQUENCY  (Hz) 


10M  100M 


100      1k       10k    100k     1M     10M  100M 
FREQUENCY  (Hz) 


Voltage  Gain  and  Phase  vs 
Frequency 


-  +5V 

15V 

5V  ft 

V 

S=±5V 

25"C 

10k  100k  1M 
FREQUENCY  (Hz) 


10M  100M 


Output  Swing  vs  Settling  Time 


Frequency  Response  vs 
Capacitive  Load 


100     200     300     400     500  600 
SETTLING  TIME  (ns) 


y  10M 
FREQUENCY  (Hz) 


Closed  Loop  Output  Impedance  vs 
Frequency 


1000 


a  100 


I  1 


vs  =  ±i: 

TA  =  25- 
Av  =  +1 

V 

c 

100k         1M  10M 
FREQUENCY  (Hz) 


100M 


Gain  Bandwidth  vs  Temperature 


11.3 
11.2 
=  11.1 
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Q 

5  11.0 
o 

<c 
m 

=  10.9 
<c 

CD 

10.8 
10.7 


±15V 

-50   -25      0      25      50     75     100  125 
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Slew  Rate  vs  Temperature 


VS  =  ±15V 
Av  =  -1 

-SR, 

<SR 

-50   -25      0      25      50     75     100  125 
TEMPERATURE  (°C) 
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nppucmions  inFORmnnon 


The  LT1 200  may  be  inserted  directly  into  many  applications, 
provided  thatthe  nulling  circuitry  is  removed.  The  suggested 
nulling  circuit  for  the  LT1200  is  shown  below. 

Offset  Nulling 


0.1mF 


0.111F 


Capacitive  Loading 

The  LT1200  is  stable  with  all  capacitive  loads.  This  is 
accomplished  by  sensing  the  load  induced  output  pole  and 
adding  compensation  at  the  amplifier  gain  node.  As  the 
capacitive  load  increases  both  the  bandwidth  and  phase 
margin  decrease  so  there  will  be  peaking  in  the  frequency 
domain  and  in  the  transient  response.  The  photo  of  the 
small  signal  response  with  1000pF  load  shows  50% 
peaking.  The  large  signal  response  with  a  10,000pF  load 
shows  the  output  slew  rate  being  limited  by  the  short- 
circuit  current. 


Av  =  -1,  CL  =  1000pF 


Av  =  +1,  CL  =  1O,OO0pF 


Layout  and  Passive  Components 

As  with  any  high  speed  operational  amplifier,  care  must  be 
taken  in  board  layout  in  order  to  obtain  maximum  perfor- 
mance. Key  layout  issues  include:  use  of  a  ground  plane, 
minimization  of  stray  capacitance  at  the  input  pins,  short 
lead  lengths,  RF-quality  bypass  capacitors  located  close 
to  the  device  (typically  0.01  u.F  to  0.1  uf),  and  use  of  low 
ESR  bypass  capacitors  for  high  drive  current  applications 
(typically  1|iF  to  10u.F  tantalum).  Sockets  should  be 
avoided  when  maximum  frequency  performance  is 
required,  although  low-profile  sockets  can  provide 
reasonable  performance  up  to  50MHz.  For  more  details 
see  Design  Note  50.  The  parallel  combination  of  the 
feedback  resistor  and  gain  setting  resistor  on  the  inverting 
input  combine  with  the  input  capacitance  to  form  a  pole 
which  can  cause  peaking.  If  feedback  resistors  greater 
than  5kQ  are  used,  a  parallel  capacitor  of  value: 

CF>RGxM 
"F 

should  be  used  to  cancel  the  input  pole  and  optimize 
dynamic  performance.  For  unity  gain  applications  where  a 
large  feedback  resistor  is  used,  Cf  should  be  greater  than 
or  equal  to  Cin. 


DAC  Current  to  Voltage  Converter 

The  wide  bandwidth,  high  slew  rate  and  fast  settling  time 
of  the  LT1200  make  it  well  suited  for  current  to  voltage 
conversion  after  current  output  D/A  converters.  A  typical 
application  is  shown  on  page  one  with  a  DAC-08  type 
converter  with  a  full-scale  output  of  2mA.  A  compensation 
capacitor  is  used  across  the  feedback  resistor  to  null  the 
pole  at  the  inverting  input  caused  by  the  DAC  output 
capacitance.  The  combination  of  the  LT1200  and  DAC 
settles  to  40mV  in  550ns  for  a  1 0V  to  OV  step  and  450ns 
for  a  OV  to  10V  step. 

Input  Considerations 

Resistors  in  series  with  the  inputs  are  recommended  for 
the  LT1200  in  applications  where  the  differential  input 
voltage  exceeds  ±6V  continuously  or  on  a  transient  basis. 
An  example  would  be  in  noninverting  configurations  with 
high  input  slew  rates  or  when  driving  heavy  capacitive 
loads.  The  use  of  balanced  source  resistance  at  each  input 
is  recommended  for  applications  where  DC  accuracy  must 
be  maximized. 


LT1200 


nppucrmons  inFORmnnon 


The  LT1 200  gain  bandwidth  is  11  MHz  when  measured  at 
100kHz.  The  actual  frequency  response  in  unity  gain  is 
considerably  higherthan  1 1  MHz  due  to  peaking  caused  by 
a  second  pole  beyond  the  unity  gain  crossover.  This  is 
reflected  in  the  45°  phase  margin  and  shows  up  as 
overshoot  in  the  unity  gain  small  signal  transient  response. 
Higher  noise  gain  configurations  exhibit  less  overshoot  as 
i  in  the  inverting  gain  of  one  response. 

Small  Signal,  Av  =  +1  Small  Signal,  Av  =  -1 


The  large  signal,  unity  gain  response  shows  the 
characteristic  noninverting  response  of  an  op  amp  with  an 
input  slew  rate  much  faster  than  that  of  the  amplifier.  In 
this  case  the  input  is  slewing  at  greater  than  1 000V/ns. 


Large  Signal,  Av  =  +1 


Large  Signal,  Av  =  -1 


The  large  signal  reponse  in  both  inverting  and  noninverting 
gain  shows  symmetrical  slewing  characteristics.  Normally 
the  noninverting  response  has  a  much  faster  rising  edge 
due  to  the  rapid  change  in  input  common  mode  voltage 
which  affects  the  tail  current  of  the  input  differential  pair. 
Slew  enhancement  circuitry  has  been  added  to  the  LT1 200 
so  that  the  falling  edge  slew  rate  is  enhanced  which 
balances  the  noninverting  slew  rate. 


Low  Voltage  Operation 

The  LT1200  is  functional  at  room  temperature  with  only 
3V  of  total  supply  voltage.  Underthis  condition,  however, 
the  undistorted  output  swing  is  only  0.8Vp.p.  A  more 
realistic  condition  is  operation  at  ±2.5V  supplies  (or  5V 
and  ground).  Under  these  conditions  at  room  temperature 
the  typical  input  common  mode  range  is  +2.2V  to  -1 .5V, 
and  a  1  MHz,  2. 5VP.Psine  wave  can  be  faithfully  reproduced. 
With  5V total  supply  voltagethe  gain  bandwidth  is  reduced 
to  6MHz  and  the  slew  rate  is  reduced  to  20V/u.s. 


TWicni  hppli 

100kHz,  2nd  Order  Butterworth  Filter 


Two  Op  Amp  Instrumentation  Amplifier 


j— vw-^  — 


TRIM  R5  FOR  GAIN 

TRIM  R1  FOR  COMMON  MODE  REJECTION 
BW  =  125kHz 
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{6]0UT 
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F€fiTUR€S 

■  1mA  Quiescent  Current 

■  50mA  Output  Current  (Minimum) 

■  10MHz  Bandwidth 

■  500V/U.S  Slew  Rate 

■  280ns  Settling  Time  to  0.1% 

■  Wide  Supply  Range,  ±5V  to  ±1 5V 

■  1mV  Input  Offset  Voltage 

■  100nA  Input  Bias  Current 

■  100MQ  Input  Resistance 


nppucOTions 


■  Video  Amplifiers 

■  Buffers 

■  IF  and  RF  Amplification 

■  Cable  Drivers 

■  8, 10, 12-Bit  Data  Acquisition  Systems 


 LT1217 

Low  Power  10MHz 
Current  Feedback  Amplifier 

DCSCRIPTIOn 

The  LT1 21 7  is  a  1 0MHz  current  feedback  amplifier  with  DC 
characteristics  better  than  many  voltage  feedback  ampli- 
fiers. This  versatile  amplifier  is  fast,  280ns  settling  to  0.1  % 
for  a  1 0V  step  thanks  to  its  500V/u.s  slew  rate.  The  LT1 21 7 
is  manufactured  on  Linear  Technology's  proprietary 
complementary  bipolar  process  resulting  in  a  low  1mA 
quiescent  current.  To  reduce  power  dissipation  further, 
the  LT1 21 7  can  be  turned  off,  eliminating  the  load  current 
and  dropping  the  supply  current  to  350uA 

The  LT1217  is  excellent  for  driving  cables  and  other  low 
impedance  loads  thanks  to  a  minimum  output  drive  cur- 
rent of  50mA.  Operating  on  any  suppliesfrom+5V to ±15V 
allows  the  LT1217  to  be  used  in  almost  any  system.  Like 
other  current  feedback  amplifiers,  the  LT1217  has  high 
gain  bandwidth  at  high  gains.  The  bandwidth  is  over  1  MHz 
at  a  gain  of  100. 

The  LT1217  comes  in  the  industry  standard  pinout  and 
can  upgrade  the  performance  of  many  older  products. 
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rbsolutc  mnximum  rrtirgs     prckrgc/ordcr  inFORmnnon 

Supply  Voltage  ±18V 

Input  Current  +10mA 

Input  Voltage  Equal  to  Supply  Voltage 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Junction  Temperature  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


CLCCTR1CRL  CHRRRCT€RISTICS  VS  =  15V,  TA  =  0  C  to  70  C  unless  otherwise  noted. 


SYMBOL 

DA  D  A  MCTCD 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

IIMITC 
UNI  1  □ 

Vos 

Input  Offset  Voltage 

VrjM  =  OV 

• 

±1 

±3 

mv 

l|Nt 

Non-Inverting  Input  Current 

Vcm  =  0V 

• 

±100 

±500 

nA 

lin- 

Inverting Input  Current 

Vcm  =  OV 

• 

±100 

±500 

nA 

en 

Input  Noise  Voltage  Density 

f  =  1kHz,  Rp  =  1k,  Rq  =  10£2 

6.5 

nV/VHZ 

'n 

Input  Noise  Lurrent  Density 

t     h  i,i  !-.  r>       At,  rt  iaa 

f  =  1kHz,  Rp  =  1k,  Rq  =  10U 

0.7 

pArvHZ 

R|N 

Input  Resistance 

ViM-+mv 

VIN  -  ^'uv 

20 

100 

C|N 

Input  Capacitance 

1.5 

dF 

Input  Voltage  Range 

• 

+10 

±12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±10V 

• 

60  66 

dB 

Inverting  Input  Current  Common  Mode  Rejection 

VCM  =  ±10V 

• 

5 

20 

nA/V 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4.5Vto±18V 

• 

68  76 

dB 

Non-Inverting  Input  Current  Power  Supply  Rejection 

VS  =  ±4.5V  to  ±1 8V 

• 

2 

20 

nA/V 

Inverting  Input  Current  Power  Supply  Rejection 

Vs  =  ±4.5Vto±18V 

• 

10 

50 

nA/V 

AV 

Large  Signal  Voltage  Gain 

RLOAD  =  2k,VOUT  =  ±10V 
Rload  =  400Q,VOut  =  ±10V 

• 
• 

90 
70 

105 

dB 
dB 

Rol 

Transresistance,  aVqut/AIin- 

Rloao  =  2k,  VOut  =  ±10V 

RLOAD  =  400n,  V0UT  =  ±10V 

• 
• 

5 

1.5 

45 

M£J 
M£2 

VOUT 

Output  Swing 

Rloao = 2k 
Rloao  =  200Q 

• 
• 

±12 
±10 

±13 

V 
V 

l0UT 

Output  Current 

Rload  =  0Q. 

• 

50 

100 

mA 

SR 

Slew  Rate  (Note  2, 3) 

Rp  =  3k,  RG  =  3k 

• 

100 

500 

V/u.s 

BW 

Bandwidth 

Rf  =  3k,  RG  =  3k,VOuT  =  100mV 

10 

MHz 

tr 

Rise  Time,  Fall  Time  (Note  3) 

Rp  =  3k,  RG  =  3k,V0uT  =  1V 

• 

30 

40 

ns 

tpD 

Propagation  Delay 

RF  =  3k,  RG  =  3k,V0UT  =  1V 

25 

ns 

Overshoot 

Rf  =  3k,  RG  =  3k,V0UT  =  1V 

5 

% 

ts 

Settling  Time,  0.1% 

Rf  =  3k,  RG  =  3k,VOUT  =  10V 

280 

ns 

Is 

Supply  Current 

VIN  =  0V 

• 

1 

2 

mA 

Supply  Current,  Shutdown 

Pin  8  Current  =  50uA 

• 

350 

1000 

HA 

The  •  denotes  specifications  which  apply  over  the  operating  temperature       Note  2:  Non-Inverting  operation,  Vout  =  ±1 0V,  measured  at  ±5V. 
ran8e-  Note  3:  AC  parameters  are  1 00%  tested  on  the  plastic  DIP  packaged  parts 

Note  1:  A  heat  sink  may  be  required.  (N  suffix),  and  are  sample  tested  on  every  lot  of  the  SO  packaged  parts 

(S  suffix). 
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CHRRACT6MSTICS 


Voltage  Gain  and  Phase  vs 
Frequency,  Gain  =  6dB 


-3dB  Bandwidth  vs  Supply 
Voltage,  Gain  =  2,  RL  =  100U 
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Maximum  Capacitive  Load  vs 
Feedback  Resistor 


FEEDBACK  RESISTOR  (k£J) 

LT1217  ■  TPCIO 


Total  Harmonic  Distortion  vs 
Frequency 
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application  inFORmnnon 

Current  Feedback  Basics 

The  small  signal  bandwidth  of  the  LT1217,  like  all  current 
feedback  amplifiers,  isn't  a  straight  inverse  function  of  the 
closed  loop  gain.  This  is  because  the  feedback  resistors 
determine  the  amount  of  current  driving  the  amplifier's 
internal  compensation  capacitor.  In  fact,  the  amplifier's 
feedback  resistor  (Rp)  from  output  to  inverting  input 
works  with  internal  junction  capacitances  of  the  LT1 21 7  to 
set  the  closed  loop  bandwidth. 

Even  though  the  gain  set  resistor  (Rq)  from  inverting  input 
to  ground  works  with  Rp  to  set  the  voltage  gain  just  like  it 
does  in  a  voltage  feedback  op  amp,  the  closed  loop 
bandwidth  does  not  change.  This  is  because  the  equivalent 
gain  bandwidth  product  of  the  current  feedback  amplifier 
is  set  by  the  Thevenin  equivalent  resistance  at  the  inverting 
input  and  the  internal  compensation  capacitor.  By  keeping 
Rf  constant  and  changing  the  gain  with  RG,  the  Thevenin 
resistance  changes  by  the  same  amount  as  the  change  in 
gain.  As  a  result,  the  net  closed  loop  bandwidth  of  the 
LT1 21 7  remains  the  same  for  various  closed  loop  gains. 

The  curve  on  the  first  page  shows  the  LT1 21 7  voltage  gain 
versus  frequency  while  driving  1 00Q,  forf  ive  gain  settings 
from  1  to  1 00.  The  feedback  resistor  is  a  constant  3k  and 
the  gain  resistor  is  varied  from  infinity  to  30£1  Second 
order  effects  reduce  the  bandwidth  somewhat  at  the 
higher  gain  settings. 


Feedback  Resistor  Selection 

The  small  signal  bandwidth  of  the  LT1217  is  set  by  the 
external  feedback  resistors  and  the  internal  junction  ca- 
pacitors. As  a  result,  the  bandwidth  is  a  function  of  the 
supply  voltage,  the  value  of  the  feedback  resistor,  the 
closed  loop  gain  and  load  resistor.  The  characteristic 
curves  of  bandwidth  versus  supply  voltage  are  done  with 
a  heavy  load  (100Q)  and  a  light  load  (1kQ)  to  show  the 
effect  of  loading.  These  graphs  also  show  the  family  of 
curves  that  result  from  various  values  of  the  feedback 
resistor.  These  curves  use  a  solid  line  when  the  response 
has  less  than  0.5dB  of  peaking  and  a  dashed  line  when  the 
response  has  0.5dB  to  5dB  of  peaking.  The  curves  stop 
where  the  response  has  more  than  5dB  of  peaking. 

At  a  gain  of  two,  on  +15V  supplies  with  a  3kD  feedback 
resistor,  the  bandwidth  into  alight  load  is  1 3.5MHz  with  a 
little  peaking,  but  into  a  heavy  load  the  bandwidth  is 
1 0MHz  with  no  peaking.  At  very  high  closed  loop  gains,  the 
bandwidth  is  limited  by  the  gain  bandwidth  product  of 
about  1 00MHz.  The  curves  show  that  the  bandwidth  at  a 
closed  loop  gain  of  100  is  about  1  MHz. 

Capacitance  on  the  Inverting  Input 

Current  feedback  amplifiers  want  resistive  feedback  from 
the  output  to  the  inverting  input  for  stable  operation.  Take 
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care  to  minimize  the  stray  capacitance  between  the  output 
and  the  inverting  input.  Capacitance  on  the  inverting  input 
to  ground  will  cause  peaking  in  the  frequency  response 
(and  overshoot  in  the  transient  response),  but  it  does  not 
degrade  the  stability  of  the  amplifier.  The  amount  of 
capacitance  that  is  necessary  to  cause  peaking  is  a  func- 
tion of  the  closed  loop  gain  taken. 

The  higher  the  gain,  the  more  capacitance  is  required  to 
cause  peaking.  We  can  add  capacitance  from  the  inverting 
input  to  ground  to  increase  the  bandwidth  in  high  gain 
applications.  For  example,  in  this  gain  of  1 00  application, 
the  bandwidth  can  be  increased  from  1MHz  to  2MHz  by 
adding  a  2200pF  capacitor. 


LT1229-TA03 


Boosting  Bandwidth  of  High  Gain  Amplifier  with 
Capacitance  on  Inverting  Input 
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Capacitive  Loads 

The  LT1217  can  be  isolated  from  capacitive  loads  with  a 
small  resistor  (1 OQ  to  20Q)  or  it  can  drive  the  capacitive 
load  directly  if  the  feedback  resistor  is  increased.  Both 
techniques  lower  the  amplifier's  bandwidth  about  the 


same  amount.  The  advantage  of  resistive  isolation  is  that 
the  bandwidth  is  only  reduced  when  the  capacitive  load  is 
present.  The  disadvantage  of  resistor  isolation  is  that 
resistive  loading  causes  gain  errors.  Because  the  DC 
accuracy  is  not  degraded  with  resistive  loading,  the  de- 
sired way  of  driving  capacitive  loads,  such  as  flash 
converters,  is  to  increase  the  feedback  resistor.  The  Maxi- 
mum Capacitive  Load  versus  Feedback  Resistor  curve 
shows  the  value  of  feedback  resistor  and  capacitive  load 
that  gives  5dB  of  peaking.  For  less  peaking,  use  a  larger 
feedback  resistor. 

Power  Supplies 

The  LT1 21 7  may  be  operated  with  single  or  split  supplies 
as  low  as  ±4.5V  (9V  total)  to  as  high  as  ±1 8V  (36V  total). 
It  is  not  necessary  to  use  equal  value  split  supplies, 
however,  the  offset  voltage  will  degrade  about  350u.V  per 
volt  of  mismatch.  The  internal  compensation  capacitor 
decreases  with  increasing  supply  voltage.  The  -3dB  Band- 
width versus  Supply  Voltage  curves  show  how  this  affects 
the  bandwidth  for  various  feedback  resistors.  Generally, 
the  bandwidth  at  +5V  supplies  is  about  half  the  value  it  is 
at  ±1 5V  supplies  for  a  given  feedback  resistor. 

The  LT1217  is  very  stable  even  with  minimal  supply 
bypassing,  however,  the  transient  response  will  suffer  if 
the  supply  rings.  It  is  recommended  for  good  slew  rate  and 
settling  time  that  4.7u.F  tantalum  capacitors  be  placed 
within  0.5  inches  of  the  supply  pins. 

Input  Range 

The  non-inverting  input  of  the  LT1 21 7  looks  like  a  1 0OMD 
resistor  in  parallel  with  a  3pF  capacitor  until  the  common 
mode  range  is  exceeded.  The  input  impedance  drops 
somewhat  and  the  input  current  rises  to  about  1 0u.A  when 
the  input  comes  too  close  to  the  supplies.  Eventually, 
when  the  input  exceeds  the  supply  by  one  diode  drop,  the 
base  collector  junction  of  the  input  transistor  forward 
biases  and  the  input  current  rises  dramatically.  The  input 
current  should  be  limited  to  10mA  when  exceeding  the 
supplies.  The  amplifier  will  recover  quickly  when  the  input 
is  returned  to  its  normal  common  mode  range  unless  the 
input  was  over  500mV  beyond  the  supplies,  then  it  will 
take  an  extra  100ns. 
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Offset  Adjust 

Output  offset  voltage  is  equal  to  the  input  offset  voltage 
times  the  gain  plus  the  inverting  input  bias  current  times 
the  feedback  resistor.  The  LT1217  output  offset  voltage 
can  be  nulled  by  pulling  approximately  30u.A  from  pin  1  or 
5.  The  easy  way  to  do  this  is  to  use  a  1 00k£2  pot  between 
pin  1  and  5  with  a430kQ  resistor  from  the  wiperto  ground 
for  15V  supply  applications.  Use  a  110k  resistor  when 
operating  on  a  5V  supply. 

Shutdown 

Pin  8  activates  a  shutdown  control  function.  Pulling  more 
than  50p.A  from  pin  8  drops  the  supply  current  to  less  than 
350p.A,  and  puts  the  output  into  a  high  impedance  state. 
The  easy  way  to  force  shutdown  is  to  ground  pin  8,  using 
an  open  collector  (drain)  logic  stage.  An  internal  resistor 
limits  current,  allowing  direct  interfacing  with  no  addi- 
tional parts.  When  pin  8  is  open,  the  LT1217  operates 
normally. 

Slew  Rate 

The  slew  rate  of  a  current  feedback  amplifier  is  not 
independent  of  the  amplifier  gain  configuration  the  way  it 
is  in  a  traditional  op  amp.  This  is  because  the  input  stage 
and  the  output  stage  both  have  slew  rate  limitations. 
Inverting  amplifiers  do  not  slew  the  input  and  are  therefore 
limited  only  by  the  output  stage.  High  gain,  non-inverting 
amplifiers  are  similar.  The  input  stage  slew  rate  of  the 
LT1 21 7  is  about  50V/u.s  before  it  becomes  non-linear  and 
is  enhanced  by  the  normally  reverse  biased  emitters  on  the 
input  transistors.  The  output  slew  rate  depends  on  the  size 
of  the  feedback  resistors.  The  output  slew  rate  is  about 
850V/u.s  with  a  3k  feedback  resistor  and  drops  propor- 
tionally for  larger  values.  The  photos  show  the  LT1217 
with  a  20V  peak-to-peak  output  swing  for  three  different 
gain  configurations. 

Settling  Time 

The  characteristic  curves  show  that  the  LT1 21 7  settles  to 
within  10mV  of  final  value  in  less  than  300nsforany  output 
step  up  to  10V.  Settling  to  1mV  of  final  value  takes  less 
than  500ns. 


Large  Signal  Response,  Av  =  2,  RF  =  RG  =  3k, 
Slew  Rate  =  500V/|as 
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Large  Signal  Response,  Av  =  -2.  RF  =  3k,  RG  =  1.5k. 
Slew  Rate    850 VMs 


Large  Signal  Response,  Av  =  10,  RF  =  3k,  RG  =  330£2, 
Slew  Rate  =  1 50V/(as 
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 LT1220 

Very  High  Speed 
Operational  Amplifier 


F€ATUR€S 

■  45MHz  Gain  Bandwidth 

■  250V/(xs  Slew  Rate 

■  20,000  Minimum  DC  Gain 

■  1mV  Maximum  Input  Offset  Voltage 

■  300nA  Maximum  Input  Bias  Current 

■  300nA  Maximum  I 


■  90ns  Settling  Time  to  0.1% 

■  Drives  All  Capacitive  Loads 

nppucflTions 


Wideband  Amplifiers 

Buffers 

Active  Filters 

Video  and  RF  Amplification 
Cable  Drivers 

8, 1 0,1 2-Bit  Data  Acquisition  Systems 


DCSCMPTIOn 

The  LT1 220  is  a  very  high  speed  operational  amplifier  with 
superior  DC  performance.  The  LT1220  features  reduced 
input  offset  voltage,  lower  input  bias  currents,  and  higher 
gain  than  devices  with  comparable  bandwidth  and  slew 
rate.  The  circuit  is  a  single  gain  stage  that  includes  propri- 
etary DC  gain  enhancement  circuitry  to  obtain  precision 
with  high  speed.  The  high  gain  and  fast  settling  time  make 
the  circuitan  ideal  choice  for  dataacquisition  systems.  The 
circuit  is  also  capable  of  driving  large  capacitive  loads 
which  makes  it  useful  in  buffer  or  cable  driver  applications. 
This  is  the  first  of  a  family  of  fast,  high  performance 
amplifiers  that  employ  Linear  Technology  Corporation's 
advanced  bipolar  complementary  processing.  For  gains  of 
four  or  greater  the  decompensated  LT1221  can  be  used 
for  greater  bandwidth.  Likewise,  for  gains  of  1 0  or  greater 
the  LT1222  can  be  used. 


TYPICAL  RPPUCATIOn 


2nd  Order  Low  Pass  Filter 
f0  =  700kHz 


Inverter  Pulse  Response 


LTC1220-TA02 
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Total  Supply  Voltage  (Vf  to  V  )  36V 

Differential  Input  Current  ±25mA 

Input  Voltage  ±Vs 

Output  Short  Circuit  Duration  (Note  1 )  Indefinite 

Operating  Temperature  Range 

LT1220C  0  C  to  70  C 

Maximum  Junction  Temperature  150°C 

Storage  Temperature  Range  -65°Cto  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


€ 16CTRICAI  CHARACTERISTICS  VS  =  ±1SV,  TA  =  25  C.  RL  =  1  k<  >.  VCM  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  2) 

0.5  1.0 

mV 

I  OS 

Input  Offset  Current 



100 

300 

nA 

Is 

Input  Bias  Current 

100 

300 

nA 

en 

Input  Noise  Voltage 

f =  10kHz 

17 

nVA/Hz 

in 

Input  Noise  Current 

f =  10kHz 

3 

pA/VHz 

R|N 

Input  Resistance 

VCM  =  ±12V 

24 

45 

Mfi 

Input  Resistance 

Differential 

150 
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PF 

Input  Voltage  Range  + 

12 
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V 

Input  Voltage  Range  - 

-13 

-12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±12V 

92 

111 

dB 

PSRR       Power  Supply  Rejection  Ratio 

VS  =  ±5V  to  ±15V 

86 

94 

dFJ 

Avol 

Large  Signal  Voltage  Gain 

VOut  =  ±10V,  RL  =  500fi 

20 

50 

V/mV 

Vout+ 

Output  Swing  + 

RL  =  500J2 

12.0 

13.0 

V 

VOUT- 

Output  Swing- 

RL  =  500fi 

-13.0 

-12.0 

V 

Iqut 

Output  Current 

Vout  =  ±12V 

24 

40 

mA 

SR 

Slew  Rate 

AVCL  =  -2,  (Note  3) 

200 

250 

V/U.S 

Full  Power  Bandwidth 

10V  Peak,  (Note  4) 

4 

MHz 

GBW 

Gain  Bandwidth 

f  =  1MHz 

45 

MHz 

tr.tf 

Rise  Time,  Fall  Time 

Avcl  =  +1,  10%  to  90%,  0.1V 

4 

ns 

Overshoot 

Avcl  =  +1.  0.1V 

25 

% 

Propagation  Delay 

50%  V|N  to  50%  Vrjui 

4 

ns 

ts 

Settling  Time 

10V  Step,  0.1% 

90 

ns 

Differential  Gain 

f  =  3.58MHz 

1.7 

% 

Differential  Phase 

f  =  3.58MHz 

2.9 

Deg. 

Ro 

Output  Resistance 

Ava  =  +U  =  1MHz 

2.6 

£2 

Is 
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8 

10.5 

mA 
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€l€CTRICflL  CHARACTERISTICS  Vs  =  ±15V,  O  C  <  TA  <  70°C,  RL  =  IkO,  VCM  =  OV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

vUb 

Input  Offset  Voltage 

(Note  2) 

0.5 

3.5 

mV 

Input  Vnc  Drift 

20 

|iW:C 

IqS 

Input  Offset  Current 

100 

400 

nA 

Ib 

Input  Bias  Current 

100 

400 

nA 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  +12V 

92 

114 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto±15V 

86  94 

dB 

AvOL 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,  RL  =  50OQ 

20 

50 

V/mV 

VOUT+ 

Output  Swing+ 

RL  =  soon 

12.0 

13.0 

V 

VOUT- 

Output  Swing- 

RL  =  500Q 

-13.0 

-12.0 

V 

l0UT 

Output  Current 

V0UT  =  ±12V 

24 

40 

mA 

SR 

Slew  Rate 

AVCL  =  -2.(Note3) 

180 

250 

V/ns 

Is 

Supply  Current 

8  11 

mA 

Note  1:  A  heat  sink  is  required  to  keep  the  junction  temperature  below  Note  3:  Slew  rate  is  measured  between  ±10V  on  the  output  with  ±6V  on 

absolute  maximum  when  the  output  is  shorted  indefinitely.  the  input  and  a  gain  of  -2. 

Note  2:  Input  offset  voltage  is  tested  with  automatic  test  equipment  in  <1  Note  4:  Full  power  bandwidth  is  calculated  from  the  slew  rate  measure- 
second,  ment:  FPBW  =  SR/27tVp. 


TYPICAL  PCRFORfflflnCC  CHARACTCRISTICS 

Supply  Current  vs  Supply  Voltage 


Input  Common  Mode  Range  vs 
Supply  Voltage 
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Output  Voltage  Swing  vs 
Supply  Voltage 
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Output  Voltage  Swing  vs 
Resistive  Load 
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Open  Loop  Gain  vs 
Resistive  Load 
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Output  Voltage  Swing  vs 

Temperature  Supply  Current  vs  Temperature  Gain 
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Open  Loop  Gain  vs  Temperature 
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Output  Swing  and  Error  vs 
Settling  Time  (Non-Inverting) 
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Output  Swing  and  Error  vs 
Settling  Time  (Inverting) 
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Settling  Time  to  0.1% 
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Voltage  Gain  and  Phase  vs 
Frequency 
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Frequency  Response  vs 
Capacilive  Load 
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Gain  Bandwidth  vs  Temperature 
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Closed  Loop  Output  Impedance  vs 
Frequency 
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The  LT1220  may  be  inserted  directly  into  HA2505/15/25, 
HA2541,  HA2544,  AD841,  AD847,  and  LM6361  applica- 
tions, provided  that  the  nulling  circuitry  is  removed.  The 
suggested  nulling  circuit  for  the  LT1220  is  shown  below. 

Offset  Nulling 


O.VF 


O.VF 


Layout  and  Passive  Components 

As  with  any  high  speed  operational  amplifier,  care  must  be 
taken  in  board  layout  in  order  to  obtain  maximum  per- 
formance. Key  layout  issues  include:  use  of  a  ground 
plane,  minimization  of  stray  capacitance  at  the  input  pins, 
short  lead  lengths,  RF-quality  bypass  capacitors  located 
close  to  the  device  (typically  0.01  uT  to  0.1  uF),  and  use  of 
low  ESR  bypass  capacitors  for  high  drive  current  appli- 
cations (typically  1u.Fto  10u,F  tantalum).  Sockets  should 
be  avoided  when  maximum  frequency  performance  is 
required,  although  low-profile  sockets  can  provide  rea- 
sonable performance  up  to  50MHz.  For  more  details  see 
Design  Note  50.  Feedback  resistor  values  greaterthan  5kQ 
are  not  recommended  because  a  pole  is  formed  with  the 
input  capacitance  which  can  cause  peaking.  If  feedback 
resistors  greater  than  5kn  are  used,  a  parallel  capacitor  of 
5pF-10pF  should  be  used  to  cancel  the  input  pole  and 
optimize  dynamic  performance. 

Input  Considerations 

Bias  current  cancellation  circuitry  is  employed  on  the 
inputs  of  the  LT1220  so  that  the  input  bias  current  and 
input  offset  current  have  identical  specifications.  For  this 
reason,  matching  the  impedance  on  the  inputs  to  reduce 
bias  current  errors  is  not  needed.  The  input  pins  are 
protected  by  zener  diode  clamps  which  limit  the  maximum 
differential  input  voltage  to  about  6V.  The  effect  of  the 


clamps  can  be  seen  in  high  slew  applications,  especially  in 
unity  gain.  For  unity  gain  configurations,  an  optional  series 
resistor  to  the  non-inverting  input  can  be  used  to  reduce 
the  differential  input  current.  An  example  would  be  if  the 
input  were  at  +1 0V  and  the  output  unintentionally  shorted 
to  ground.  For  this  case,  a  1 60£2  series  resistor  would  limit 
the  input  currentto25mAas  the  non-inverting  input  would 
be  clamped  at  +6V. 

Input  Current  Limiting 


VOUT 


Capacitive  Loading 

The  LT1220  is  stable  with  all  capacitive  loads.  This  is 
accomplished  by  sensing  the  load-induced  output  pole 
and  adding  compensation  at  the  amplifier  gain  node.  As 
the  capacitive  load  increases  both  the  bandwidth  and 
phase  margin  decrease.  There  will  be  peaking  in  the 
frequency  response  as  shown  in  the  curve  of  Frequency 
Response  vs  Capacitive  Load.  The  small  signal  transient 
response  will  have  more  overshoot  as  shown  in  the  photo 
of  an  inverter  loaded  with  1 0OOpF.  The  output  slew  rate  will 
be  limited  by  the  output  short  circuit  current  as  seen  in  the 
photo  of  the  large  signal  response  of  an  inverter  loaded 
with  10,000pF.  The  LT1220  can  drive  coaxial  cable  di- 
rectly, but  for  best  pulse  fidelity  the  cable  should  be  doubly 
terminated  with  a  resistor  in  series  with  the  output  and 
also  at  the  end  of  the  cable. 

Small  Signal  Capacitive  Loading 


warn 
w 

mmmmmmmmm 


i 

Av  =  -1,  CL=  1000pF 


mwm 
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Large  Signal  Capacitive  Loading 


Av  =  -1,CL=10.0O0pF 

LT12M-TA06 


Settling  Time 

The  LT1220  is  a  single  gain  stage  topology  and  has 
outstanding  settling  characteristics.  Settling  time  to  0.1% 
for  a  10V  step  is  straightforward  to  measure  using  a  false 
sum  node  and  an  inverter  configuration.  Note  that  the 
voltage  measured  at  the  sum  node  is  1/2  the  difference 
between  the  input  and  output  voltage,  so  the  false  sum  node 
must  settle  to  5mVforthe  outputto  be  within  1 0mV.  A  photo 
showing  the  results  of  this  method  is  shown  in  the  typical 
performance  curves. 

The  0.01%  settling  time  measurements  were  made  with  a 
fixture  whose  design  was  based  on  "Take  the  Guesswork 
Out  of  Settling  Time  Measurements,"  EDN,  September  1 9, 
1985.  The  LT1220  has  an  input  referred  settling  tail  of 
approximately  0.5m  V  with  a  time  constant  of  1  u.s  for  a  1 0V 
output  step.  Since  an  inverting  gain  of  1  has  a  noise  gain 
of  2,  the  settling  time  to  1mV  at  the  output  is  therefore 
longer  than  for  a  unity  gain  configuration.  This  is  reflected 
in  the  settling  time  curves. 


0.1%  Settling  Time  Measurement 


DAC  Current  to  Voltage  Amplifier 

The  high  gain,  low  offset  voltage,  low  input  bias  current, 
and  fast  settling  of  the  LT1 220  make  it  particularly  useful 


as  an  I  to  V  converter  for  current  output  DACs.  A  typical 
application  is  shown  wth  an  AD565, 1 2-bit,  2mA  full-scale 
output  current  DAC.  The  5kfl  feedback  resistor  around  the 
LT1220  is  internal  to  the  DAC  and  gives  a  10V  full-scale 
output  voltage.  A  5pF  capacitor  in  parallel  with  the  feed- 
back resistorcompensatesforthe  DAC  output  capacitance 
and  improves  settling.  The  output  of  the  LT1 220  settles  to 
1/2  LSB  (1 .2mV)  in  less  than  300ns.  The  measurement  of 
the  DAC  +  LT1220  combined  settling  involved  creating  a 
false  sum  node  between  the  output  of  the  LT1220  and  a 
reference  voltage  (-1 0V  for  settling  to  +1 0V).  The  settling 
at  the  false  sum  node  was  then  measured  to  1  mV.  This  is 
a  difficult  measurement  because  the  node  is  normally 
clamped  at  several  hundred  millivolts  and  any  method 
used  to  measure  the  node  must  have  outstanding  over- 
drive recovery.  One  method  used  was  a  sampling  oscillo- 
scope. Another  method  used  was  the  previously  described 
fixture  used  for  0.01%  settling.  A  final  method  was  a 
variation  of  a  method  used  in  AN-10  that  employs  a 
sampling  switch  and  a  variable  delay.  The  delay  allows 
looking  at  the  settling  waveform  when  it  is  close  to  1  mV 
and  therefore  does  not  overdrive  the  gain  stage  which 
follows.  All  three  methods  agreed  within  better  than  1 0%. 
A  full  description  of  the  techniques  used  to  measure  the 
settling  time  is  given  in  AN-47,  "High  Speed  Amplifier 
Techniques." 

12-Bit  DAC  Buffer  (10V  Full-Scale  Output) 


1/2  LSB  Settling  for  10V  Output  Step 
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Sample  and  Hold,  8-Bit,  100ns 
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Photodiode  Amplifier  with  Adaptive  Threshold 


Pulse  Width  Measurement 
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■  Gain  of +4  Stable 

■  150MHz  Gain  Bandwidth 

■  250V/|is  Slew  Rate 

■  50,000  Minimum  DC  Gain 

■  1  mV  Maximum  Input  Offset  Voltage 

■  300nA  Maximum  Input  Bias  Current 

■  300nA  Maximum  Input  Offset  Current 

■  6nV/VHz  Input  Noise  Voltage 

■  12V  Minimum  Output  Swing  into  500Q 

■  90ns  Settling  Time  to  0.1% 

■  Drives  All  Capacitive  Loads 

flppucmions 

■  Wideband  Amplifiers 

■  Buffers 

■  Active  Filters 

■  Video  and  RF  Amplification 

■  Cable  Drivers 

■  8, 10, 12-Bit  Data  Acquisition  Systems 


LT1221 

Very  High  Speed 
Operational  Amplifier 

DCSCMPTIOn 

The  LT1 221  is  a  very  high  speed  operational  amplifier  with 
superior  DC  performance.  The  LT1 221  is  stable  in  a  noise 
gain  of  four  or  greater.  It  features  reduced  input  offset 
voltage,  lower  input  bias  currents,  and  higher  DC  gain  than 
devices  with  comparable  bandwidth  and  slew  rate.  The 
circuit  is  a  single  gain  stage  that  includes  proprietary  DC 
gain  enhancement  circuitry  to  obtain  precision  with  high 
speed.  The  high  gain  and  fast  settling  time  make  the  circuit 
an  ideal  choice  for  data  acquisition  systems.  The  circuit  is 
also  capable  of  driving  large  capacitive  loads  which  make 
it  useful  in  buffer  or  cable  driver  applications.  The  LT1 221 
is  a  member  of  a  family  of  fast,  high  performance  ampli- 
fiers that  employ  Linear  Technology  Corporation's  ad- 
vanced bipolar  complementary  processing.  For  unity  gain 
stable  applications  the  LT1220  can  be  used,  and  for  gains 
of  10  or  greater  the  LT1222  can  be  used. 


Twicni  nppucnnon 

Summing  Amplifier 


Summing  Amplifier  Pulse  Response 
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Total  Supply  Voltage  (V+  to  V)  36V 

Differential  Input  Current  ±25mA 

Input  Voltage  +Vs 

Output  Short  Circuit  Duration  (Note  1)  Indefinite 

Operating  Temperature  Range 

LT1221C  0°Cto  70°C 

Maximum  Junction  Temperature  150°C 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORmRTion 


TOP  VIEW 

ORDER  PART 
NUMBER 
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LT1221  .  POI01 

€l€CTRICftl  CHRRRCTCRISTICS  VS  =  +15V,  TA  =  25  C,  RL  =  1kO,  VCM  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  2) 

0.5 

1.0 

mV 

•os 

Input  Offset  Current 

100 

300 

nA 

Ib 

Input  Bias  Current 

100 

300 

nA 

e„ 

Input  Noise  Voltage 

f  =  10kHz 

6 

nVA/Hz 

in 

Input  Noise  Current 

f = 10kHz 

2 

pANHz 

R|N 

Input  Resistance 

VCM  =  ±12V 

24 

45 

M£2 

Input  Resistance 

Differential 

80 

k£J 

C|N 

Input  Capacitance 

2 

PF 

Input  Voltage  Range  + 

12 

14 

V 

Input  Voltage  Range  - 

-13 

-12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±12V 

92 

114 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto±15V 

86  94 

dB 

AvOL 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,  RL  =  500n 

50 

100 

V/mV 

VoUTt 

Output  Swing  + 

RL  =  soon 

12.0 

13.0 

V 

VouT- 

Output  Swing - 

RL  =  500i2 

-13.0 

-12.0 

V 

SR 

Slew  Rate 

(Note  3) 

200 

250 

Wu-s 

Full  Power  Bandwidth 

10V  Peak  (Note  4) 

4 

MHz 

GBW 

Gain  Bandwidth 

f  =  1MHz 

150 

MHz 

Ir.tf 

Rise  Time 

Ava  =  +4, 10%-90%,0.1V 

5 

ns 

Overshoot 

AVCL  =  +4,0.1V 

20 

% 

Propagation  Delay 

50%  V,N  to  50%Vout,  0.1V 

5 

ns 

ts 

Settling  Time 

10V  Step,  0.1% 

90 

ns 

Differential  Gain 

f  =  3.58MHz,  RL  =  150n 

1.0 

% 

Differential  Phase 

f  =  3.58MHz,  RL  =  150Q 

2.0 

Deg. 

Ro 

Output  Resistance 

AVCL  =  +4,f  =  1MHz 

2.5 

Q 

Is 

Supply  Current 

8 

10.5 

mA 
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OT IVIBUL 

PARAMETER 

MIN 

TYP 

MAX 

IIMITQ 
UNI  1  o 

V0S 

llipui  UMbcl  V  u  I  Lay  tr 

rMntp  91 

0.5 

2.0 

lllv 

1  nni  it  \/nc  Drift 

1  1  1  \J  LI  I  V  (jju  Ul  III 

15 

u.V/°C 

tas 

Input  Offset  Current 

100 

400 

nA 

Ib 

Input  Bias  Current 

100 

400 

nA 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±12V 

92 

114 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto  ±15V 

86  94 

rJB 

Avol 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,  RL  =  500Q 

50 

100 

V/mV 

V0UT  + 

Output  Swing  + 

RL  =  500Q 

12.0 

13.0 

V 

VoUT- 

Output  Swing  - 

RL  =  500Q 

-13.0 

-12.0 

V 

SR 

Slew  Rate 

(Note  3) 

180 

250 

V/ns 

Is 

Supply  Current 

8 

11 

mA 

Note  1 :  A  heat  sink  may  be  required  to  keep  the  junction  temperature 
below  absolute  maximum  when  the  output  is  shorted  indefinitely. 
Note  2:  Input  Offset  Voltage  is  tested  with  automated  test  equipment  in 
less  than  one  second. 


Note  3:  Slew  rate  is  measured  between  ±1 0V  on  an  output  swing  of  ±1 2V. 
Note  4:  Full  power  bandwidth  =  SR/2hVpeak- 


TVPICAL  PCRFORfflflHCC  CHARACTERISTICS 


Input  Common  Mode  Range  vs 
Supply  Voltage 


TA  =  25° 
AV0S  = 

; 

,5mV 

+VCM 

5  10  15 

SUPPLY  VOLTAGE  (±V) 


20 


Supply  Current  vs 

Supply  Voltage  and  Temperature 


T=125°C 

T  =  25°C 

 ' 

T  =  -55'C 

5  10  15 

SUPPLY  VOLTAGE  (±V) 


Output  Voltage  Swing  vs 
Supply  Voltage 


Tft=25' 
R[_=  500 
AV0S=3 

c 

OmV 

'-Vsw 

5  10  15 

SUPPLY  VOLTAGE  ftV) 
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Output  Voltage  Swing  vs  Input  Bias  Current  vs  Open  Loop  Gain  vs 

Resistive  Load  Input  Common  Mode  Voltage  Resistive  Load 


LOAD  RESISTANCE  (Q)  INPUT  COMMON  MODE  VOLTAGE  (V)  LOAD  RESISTANCE  (£!) 

LT1221-TFCM  LT1M1-TPCOS  LT1M1-7PCM 


U\BBl 
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100 


Voltage  Gain  and  Phase  vs 
Frequency 


Frequency  Response  vs 
Capacitive  Load 


=  ±15V 

=  ±5V 

V 

,  =  ±15V 

/ 

=  ±5V* 

25°C 

100      1k      10k     100k     1M     10M  100M 
FREQUENCY  (Hz) 

LT122I-TPC13 


Closed  Loop  Output  Impedance  vs 
Frequency 


0.01 


Vs  =  ±15 
T*  =  25°C 
Av  =  +4 

/ 

10k 


LT1221  •  TPCM 


100k         1M  10M 
FREQUENCY (Hz) 


180 

170 

I.  160 
1 

g  150 
o 
z 
< 

|  140 
130 
120 


Gain  Bandwidth  vs 
Temperature 


Vs=i 

15V 

-50   -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 


Small  Signal 
Ay  =  +4 


Small  Signal 
Av  =  -4 


Slew  Rate  vs 
Temperature 


J  275 


!  225 
200 


I 

VS  =  ±15V 
_A„  =  -5 

SR  = 

(SR+) 

♦  (SR- 
2 

) 

-25     0      25     50     75     100  125 
TEMPERATURE  fC) 


Large  Signal 
Ay  =  +4 


Large  Signal 
Av  =  -4 
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The  LT1221  is  stable  in  noise  gains  of  four  or  greater  and 
may  be  inserted  directly  into  HA2541 ,  HA2544,  AD847, 
EL2020and  LM6361  applications,  provided  that  the  null- 
ing circuitry  is  removed  and  the  amplifier  configuration 
has  a  high  enough  noise  gain.  The  suggested  nulling 

IW. 


Offset  Nulling 


O.VF 


Layout  and  Passive  Components 


As  with  any  high  speed  operational  amplifier,  care  must  be 
taken  in  board  layout  in  order  to  obtain  maximum  perfor- 
mance. Key  layout  issues  include:  use  of  a  ground  plane, 
minimization  of  stray  capacitance  at  the  input  pins,  short 
lead  lengths,  RF-quality  bypass  capacitors  located  close 
to  the  device  (typically  0.01  uf  to  0.1jj.F),  and  use  of  low 
ESR  bypass  capacitors  for  high  drive  current  applications 
(typically  1(xF  to  10jxF  tantalum).  Sockets  should  be 
avoided  when  maximum  frequency  performance  is  re- 
quired, although  low-profile  sockets  can  provide  reason- 
able performance  up  to  50MHz.  For  more  details  see 
Design  Note  50. 

Feedback  resistor  values  greater  than  5kD  are  not  recom- 
mended because  a  pole  is  formed  with  the  input  capaci- 
tance which  can  cause  peaking. 

Input  Considerations 

Bias  current  cancellation  circuitry  is  employed  on  the 
inputs  of  the  LT1 221  so  the  input  bias  current  and  input 
offset  current  have  identical  specifications.  For  this  rea- 
son, matching  the  impedance  on  the  inputs  to  reduce  bias 
current  errors  is  not  necessary.  The  input  pins  are  pro- 


tected by  zener  diode  clamps  which  limit  the  maximum 
differential  input  voltage  to  about  6V.  The  effect  of  the 
clamps  can  be  seen  in  high  slew  applications,  especially  in 
non-inverting  configurations. 

Capacitive  Loading 

The  LT1221  is  stable  with  all  capacitive  loads.  This  is 
accomplished  by  sensing  the  load  induced  output  pole  and 
adding  compensation  at  the  amplifier  gain  node.  As  the 
capacitive  load  increases  both  the  bandwidth  and  phase 
margin  decrease.  There  will  be  peaking  in  the  frequency 
domain  as  shown  in  the  curve  Frequency  Response  vs 
Capacitive  Load.  The  small  signal  transient  response  will 
have  more  overshoot  as  shown  in  the  photo  Av=-4  loaded 
with  1 0OOpF.  The  large  signal  response  for  Av  =  +4  with  a 
1 0.OOOpF  load  shows  the  output  slew  rate  being  limited  by 
the  short  circuit  current. 


Av  =  -4,  CL  =  1000pF 


Av  =  +4,  CL  =  10,000pF 


The  LT1221  can  drive  coaxial  cable  directly,  but  for  best 
pulse  fidelity  the  cable  should  be  doubly  terminated  with 
a  resistor  in  series  with  the  output. 

Cable  Driving 


VOUT 
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Compensation 

The  LT1221  has  a  typical  gain  bandwidth  product  of 
150MHz  which  allows  it  to  have  wide  bandwidth  in  high 
gain  configurations  (i.e.,  in  a  gain  of  10,  it  will  have  a 
bandwidth  of  about  15MHz).  The  amplifier  is  stable  in  a 
noise  gain  of  four  so  the  ratio  of  the  output  signal  to  the 
inverting  input  must  be  1/4  or  less.  Straightforward  gain 
configurations  of  +4  or  -3  are  stable,  but  there  are  a  few 
configurations  that  allow  the  amplifier  to  be  stable  for 
lower  signal  gains  (the  noise  gain,  however,  remains  four 


or  more).  One  example  is  the  summing  amplifier  on  the 
first  page.  Each  input  signal  has  a  gain  of  — 1  to  the  output, 
but  it  is  easily  seen  that  this  configuration  is  equivalent  to 
a  gain  of  -3  as  far  as  the  amplifier  is  concerned.  Another 
circuit  is  shown  below  with  a  DC  gain  of  one,  but  an  AC 
gain  of  +5.  The  break  frequency  of  the  RC  combination 
across  the  amplifier  inputs  should  be  approximately  a 
factor  of  1 0  less  than  the  gain  bandwidth  of  the  amplifier 
divided  by  the  high  frequency  gain  (in  this  case  1/10  of 
150MHZ/5  or3MHz). 


TWicni  nppucOTions 

Lag  Compensation 


Wien  Bridge  Oscillator 


T100pF 
2k<> 
 i  Wv  ' 


Av  =  +1.f<3MHz 


LT122,  ■  TAM 


LT122!  ■  TM7 


20MHz,  Av  =  50  Instrumentation  Amplifier 


10k 


VOUT 
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 LT1222 

■CHNOLOGY  Low  Noise,  Very  High 

Speed  Operational  Amplifier 

DCSCRIPTIOH 


■  Gain  of  +10  Stable  Uncompensated 

■  External  Compensation  Pin 

■  500MHz  Gain  Bandwidth 

■  200V/|is  Slew  Rate 

■  3nV/VHz  Input  Noise  Voltage 

■  100,000  Minimum  DC  Gain 

■  1mV  Maximum  Input  Offset  Voltage 

■  300nA  Maximum  Input  Bias  Current 

■  300nA  Maximum  Input  Offset  Current 

■  12V  Minimum  Output  Swing  into  500Q 

■  90ns  Settling  Time  to  0.1% 

■  Drives  All  Capacitive  Loads 

nppucOTions 

■  Wideband  Amplifiers 

■  Buffers 

■  Active  Filters 

■  Video  and  RF  Amplification 

■  Cable  Drivers 

■  8, 10, 12-Bit  Data  Acquisition  Systems 


The  LT1222  is  a  low  noise,  very  high  speed  operational 
amplifier  with  superior  DC  performance.  The  LT1222 
features  reduced  input  offset  voltage,  lower  input  bias 
currents,  lower  noise  and  higher  DC  gain  than  devices  with 
comparable  bandwidth  and  slew  rate.  The  circuit  is  a 
single  gain  stage  that  includes  proprietary  DC  gain  en- 
hancement circuitry  to  obtain  precision  with  high  speed. 
The  LT1222  is  stable  in  gains  of  +10  without  compensa- 
tion, but  the  part  can  be  externally  compensated  for  lower 
closed-loop  gain  at  the  expense  of  lower  bandwidth  and 
slew  rate.  The  compensation  node  can  also  be  used  to 
clamp  the  output  swing.  The  high  gain  and  fast  settling 
time  make  the  circuit  an  ideal  choice  for  data  acquisition 
systems.  The  circuit  is  also  capable  of  driving  large 
capacitive  loads  which  make  it  useful  in  buffer  or  cable 
driverapplications.  The  part  is  a  member  of  afamily  of  fast, 
high  performance  amplifiers  that  employ  Linear  Technol- 
ogy Corporation's  advanced  bipolar  complementary  pro- 
cessing. For  unity  gain  stable  applications  the  LT1 220  can 
be  used,  and  for  gains  of  four  or  greater  the  LT1 221  can  be 
used. 


TVPicflL  nppucOTion 


Av  =  +10  with  Output  Clamping 

+15V 


Av  =  -1 ,  Cc  =  3flpF  Pulse  Response 
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ABSOLUTE 

Total  Supply  Voltage  (V+to  V")  36V 

Differential  Input  Current  +25mA 

Input  Voltage  +Vs 

Output  Short  Circuit  Duration  (Note  1)  Indefinite 

Operating  Temperature  Range 

LT1222C  0°C  to  70°C 

Maximum  Junction  Temperature  150°C 

Storage  Temperature  Range  -  65°C  to  150°C 

erature  (Soldering,  10  sec.)  300°C 


NULL  [r 
-IN  [7 
+IN  [f 

v-  [T 

TOP  VIEW 

W 

T]  NULL 
7]V* 
J]  OUT 
J]  COMP 

ORDER  PART 
NUMBER 

LT1222CN8 

i 

N8  PACKAGE 
-LEAD  PLASTIC  DIP 

LT1W2  -  POtO] 

€l€CTMCm  CHARACTERISTICS  Vs  =  +15V,  TA  =  25°C,  RL  =  1kn,  VCM  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  2) 

0.3 

1.0 

mV 

los 

Input  Offset  Current 

100 

300 

nA 

>B 

Input  Bias  Current 

100 

300 

nA 

e„ 

Input  Noise  Voltage 

f  =  10kHz 

3 

nV/VHz 

in 

Input  Noise  Current 

f  =  10kHz 

2 

pA/VHz 

RIN 

Input  Resistance 

VCM  =  ±12V 

24 

45 

un 

Input  Resistance 

Differential 

12 

kn 

C|N 

Input  Capacitance 

2 

PF 

Input  Voltage  Range  + 

12 

14 

V 

Input  Voltage  Range  - 

-13 

-12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±12V 

100 

120 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto±15V 

98  110 

dB 

AvOL 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,  RL  =  500a 

100 

200 

V/mV 

VoUTt 

Output  Swing  + 

RL  =  500Q 

12.0 

13.0 

V 

VOUT- 

Output  Swing - 

RL  =  500Q 

-13.0 

-12.0 

V 

SR 

Slew  Rate 

AVCL  =  -10(Note  3) 

150 

200 

V/(is 

Full  Power  Bandwidth 

10V  Peak  (Note  4) 

3.2 

MHz 

GBW 

Gain  Bandwidth 

f  =  1MHz 

500 

MHz 

tr.  tt 

Rise  Time 

Avcl  =  +  10, 10%-90%,  0.1V 

5 

ns 

Overshoot 

AVCl  =  +10,  0.1V 

35 

% 

Propagation  Delay 

50%V|N  to  50%VOUT,  0.1V 

6.5 

ns 

ts 

Settling  Time 

10V  Step,  0.1% 

90 

ns 

Differential  Gain 

f  =  3.58MHz,  RL  =  150n 

1.0 

% 

Differential  Phase 

f  =  3.58MHz,  RL  =  150£2 

2.1 

Deg. 

Ro 

Output  Resistance 

AVCL  =  +10,f  =  1MHz 

2.5 

Q 

Is 

Supply  Current 

8 

10.5 

mA 
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SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  2) 

0.5 

1.5 

mV 

Input  Vos  Drift 

10 

uv/°c 

los 

Input  Offset  Current 

100 

400 

nA 

Ib 

Input  Bias  Current 

100 

400 

nA 

CMRR 

Common  Mode  Rejection  Ratio 

100 

120 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto±15V 

98 

110 

dB 

AVOL 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,  RL  =  500S2 

100 

200 

V/mV 

VOU T  t 

Output  Swing  + 

RL  =  500Q 

12.0 

13.0 

V 

VOUT- 

Output  Swing - 

RL  =  500Q 

-13.0 

-12.0 

V 

SR 

Slew  Rate 

AVCL  =  -10(Note3) 

150 

200 

V/p.s 



Is 

Supply  Current 

8 

11 

mA 

Note  1 :  A  heat  sink  may  be  required  to  keep  the  junction  temperature  Note  3:  Slew  rate  is  guaranteed  by  measuring  the  slew  currents  at  the 

below  absolute  maximum  when  the  output  is  shorted  indefinitely.  compensation  pin. 

Note  2:  Input  offset  voltage  is  tested  with  automated  test  equipment  in  Note  4:  Full  power  bandwidth  =  SR/2jtVPEAK. 

less  than  one  second. 
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120 

100 

(8P) 

80 

Si 

< 

CD 

60 

3 

< 

o 

40 

> 

20 

0 

Voltage  Gain  and  Phase  vs 
Frequency 


Frequency  Response  vs 
Capacitive  Load 


 1 

=  ±15V 

/s  =  ±5 

Vs  =  j 

15V 

=  ±5V 

25°C 

100  1k 


10k  100k  1M 
FREQUENCY  (Hz) 


Closed  Loop  Output  Impedance  vs 
Frequency 


Vs  =  ±151 
TA  =  25-C 
Av  =  +10 

1 

ITI222-TPC13 


LT1222-TPC14 


100k  1M  10M 

FREQUENCY (Hz) 


100M 


LTI2M-TPC15 


550 

525 

i.  500 
1 

3  475 
o 
z 
<: 

|  450 
•I 

425 
400 


Gain  Bandwidth  vs 
Temperature 


vs  =  ± 

15V 

-50   -25     0      25     50     75     100  125 
TEMPERATURE  (°C) 


Small  Signal 
Av  =  +10 


Small  Signal 
Av  =  -10 


LT1ZZ2  •  TPC1B 


LTI222-TPC16 


275 
250 
[225 

;  200 

i  175 
150 
125 


Slew  Rate  vs 
Temperature 


I  I 

VS  =  ±15V 
.Ay- -10 

Cc  =  0 

(SRt)  +  (SR- 

) 

£ 

-50   -25     0      25     50     75     100  125 
TEMPERATURE  (°C) 


Large  Signal 

Ay  =  +10 


CM..* 


Large  Signal 
Av  =  -10 


LT12H-TPCI9 
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The  LT1222  is  stable  without  external  compensation  in 
noise  gains  of  10  or  greater  and  may  be  inserted  directly 
into  HA2541 ,  HA2544,  AD847,  EL2020  and  LM6361  appli- 
cations, provided  that  the  nulling  circuitry  is  removed  and 
the  amplifier  configuration  has  a  high  enough  noise  gain. 
The  suggested  nulling  circuit  for  the  LT1222  is  shown 
below. 

Offset  Nulling  and  Compensation 


LT1H2-TA03 


Layout  and  Passive  Components 

As  with  any  high  speed  operational  amplifier,  care  must  be 
taken  in  board  layout  in  order  to  obtain  maximum  perfor- 
mance. Key  layout  issues  include:  use  of  a  ground  plane, 
minimization  of  stray  capacitance  at  the  input  pins,  short 
lead  lengths,  RF-quality  bypass  capacitors  located  close 
to  the  device  (typically  O.OIjxF  to  0.1  u,F),  and  use  of  low 
ESR  bypass  capacitors  for  high  drive  current  applications 
(typically  1jaF  to  10(xF  tantalum).  Sockets  should  be 
avoided  when  maximum  frequency  performance  is  re- 
quired, although  low-profile  sockets  can  provide  reason- 
able performance  up  to  50MHz.  For  more  details  see 
Design  Note  50. 

Feedback  resistor  values  greater  than  5kQ  are  not  recom- 
mended because  a  pole  is  formed  with  the  input  capaci- 
tance which  can  cause  peaking. 

Input  Considerations 

Bias  current  cancellation  circuitry  is  employed  on  the 
inputs  of  the  LT1222  so  the  input  bias  current  and  input 
offset  current  have  identical  specifications.  For  this  rea- 
son, matching  the  impedance  on  the  inputs  to  reduce  bias 
current  errors  is  not  necessary.  The  input  pins  are  pro- 


tected by  zener  diode  clamps  which  limit  the  maximum 
differential  input  voltage  to  about  6V.  The  effect  of  the 
clamps  can  be  seen  in  high  slew  applications,  especially  in 
non-inverting  configurations. 

Capacitive  Loading 

The  LT1222  is  stable  with  all  capacitive  loads.  This  is 
accomplished  by  sensing  the  load  induced  output  pole  and 
adding  compensation  at  the  amplifier  gain  node.  As  the 
capacitive  load  increases  both  the  bandwidth  and  phase 
margin  decrease.  There  will  be  peaking  in  the  frequency 
domain  as  shown  in  the  curve  Frequency  Response  vs 
Capacitive  Load.  The  small  signal  transient  response  will 
have  more  overshoot  as  shown  in  the  photo  Av  =  -10 
loaded  with  1 0OOpF.  The  large  signal  response  for 
Ay  =  +1 0  with  a  1 0.OOOpF  load  shows  the  output  slew  rate 
being  limited  by  the  short  circuit  current. 


Av  =  -10,  CL  =  1000pF  Av  =  +10,  CL  =  10,000pF 


The  LT1222  can  drive  coaxial  cable  directly,  but  for  best 
pulse  fidelity  the  cable  should  be  doubly  terminated  with 
a  resistor  in  series  with  the  output. 


Cable  Driving 


XTUDISB 
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Compensation 

The  LT1222  has  a  typical  gain  bandwidth  product  of 
500MHz  which  allows  it  to  have  wide  bandwidth  in  high 
gain  configurations  (i.e.,  in  a  gain  of  100,  it  will  have  a 
bandwidth  of  5MHz).  For  added  flexibility  the  amplifier 
frequency  response  may  be  adjusted  by  adding  capaci- 
tance from  pin  5  to  ground.  A  compensation  capacitor  may 
be  used  to  reduce  overshoot,  to  allow  the  amplifier  to  be 
used  in  lower  noise  gain  configurations,  or  simply  to 
reduce  bandwidth.  The  table  below  shows  gain  and  com- 
pensation capacitor  versus  -3dB  bandwidth,  maximum 
r  domain,  and  small  signal  over- 


A» 

Cc 

l-3dB 

Mp 

OS 

-1 

30pF 

79MHz 

4.5dB 

35% 

-1 

50pF 

70MHz 

0.5dB 

10% 

-1 

82pF 

44MHz 

0 

0 

-1 

150pF 

11  MHz 

0 

0 

+5 

SpF 

92MHz 

7.3dB 

55% 

+5 

10pF 

82MHz 

2.2dB 

25% 

+5 

20pF 

46MHz 

0.1dB 

5% 

+5 

30pF 

24MHz 

0 

0 

+5 

50pF 

11MHz 

0 

0 

+10 

0 

90MHz 

4.3dB 

35% 

+10 

5pF 

55MHz 

0.1dB 

5% 

+10 

10pF 

26MHz 

0 

0 

+10 

20pF 

12MHz 

0 

0 

+20 

0 

40MHz 

0.1dB 

5% 

+20 

5pF 

17MHz 

0 

0 

+20 

10pF 

10MHz 

0 

0 

For  frequencies  less  than  or  equal  to  1 0MHz  the  frequency 
response  of  the  amplifier  is  approximately : 

f=  !  •  _L_ 

2jp53£>(Cc  +  6pF)    Noise  Gain 

Adjusting  the  bandwidth  also  affects  the  slew  rate  of  the 
amplifier  as  follows: 

SR=  (1.2mA)/(Cc  +  6pF) 

An  example  would  be  a  gain  of  -1 0  (noise  gain  of  1 1 )  and 
Cc  =  20pF  which  has  about  10.5MHz  bandwidth  and 
46V/jxs  slew  rate.  It  should  be  noted  that  the  LT1 222  is  not 
stable  in  Ay = +1  unless  Cc  =  1 0OpF  and  200pF  is  placed  on 
the  output  (f  =  25MHz,  slew  rate  =  11V/u.s).  In  any 
application,  to  reduce  peaking,  increase  gain  or  add  more 
compensation  capacitance. 

Output  Clamping 

Access  to  the  internal  compensation  node  at  pin  5  also 
allows  the  output  swing  of  the  LT1 222  to  be  clamped.  An 
example  is  shown  on  the  front  page  of  the  data  sheet.  The 
compensation  node  is  approximately  one  diode  drop  above 
the  output  and  can  source  or  sink  about  1 .2mA.  Back-to- 
back  Schottky  diodes  clamp  pin  5  to  a  diode  drop  above 
ground  so  the  output  is  clamped  to  ±0.5V  (the  drop  of  the 
Schottkys  at  1 ,2mA).  The  diode  reference  is  bypassed  for 
good  AC  response.  This  circuit  is  particularly  useful  for 
amplifying  the  voltage  at  false  sum  nodes  used 
in  settling  time  measurements. 
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100MHz  Current 
Feedback  Amplifier 


FCRTURCS 

■  100MHz  Bandwidth  at  Av  =  1 

■  1000V/|iS  Slew  Rate 

■  Wide  Supply  Range,  ±5V  to  ±1 5V 

■  1mV  Input  Offset  Voltage 

■  1u.A  Input  Bias  Current 

■  5MQ  Input  Resistance 

■  75ns  Settling  Time  to  0.1% 

■  50mA  Output  Current 

■  6mA  Quiescent  Current 

application 

■  Video  Amplifiers 

■  Buffers 

■  IF  and  RF  Amplification 

■  Cable  Drivers 

■  8, 10, 12-Bit  Data  Acquisition  Systems 


DCSCAIPTIOA 

The  LT1 223  is  a  1 00MHz  current  feedback  amplifier  with 
very  good  DC  characteristics.  The  LT1223's  high  slew 
rate,  1 000V/u.s,  wide  supply  range,  ±1 5V,  and  large  output 
drive,  +50mA,  make  it  ideal  for  driving  analog  signals  over 
double  terminated  cables.  The  current  feedback  amplifier 
has  high  gain  bandwidth  at  high  gains,  unlike  conventional 
op  amps. 

The  LT1223  comes  in  the  industry  standard  pinout  and 
can  upgrade  the  performance  of  many  older  products. 

The  LT1223  is  manufactured  on  Linear  Technology's 
proprietary  complementary  bipolar  process. 
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rbsolutc  maximum  RRTines 

Supply  Voltage  +18V 

Differential  Input  Voltage  ±5V 

Input  Voltage  Equal  to  Supply  Voltage 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Temperature  Range 

LT1223M  -55°C  to125°C 

LT1223C  0°Cto  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Junction  Temperature  Plastic  Package  150°C 

Junction  Temperature  Ceramic  Package  175°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


€l€CTRICfll  CHRRRCT€RISTICS  Vs  =  +  15V,  TA  =  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1223M/C 
TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

Vcm  =  0V 

±1 

±3 

mV 

l|N+ 

Non-Inverting  Input  Current 

Vcm  =  0V 

±1 

±3 

uA 

'lN~ 

Inverting  Input  Current 

Vcm  =  0V 

+1 

±3 

u.A 

e„ 

Input  Noise  Voltage  Density 

f  =  1  kHz,  RF=1k,  RG  =  10Q 

3.3 

nVA/Hz 

'n 



Input  Noise  Current  Density 

f  =  1kHz,  RF=1k,  RG  =  10Q 

2.2 

pA/VHz 

Bin 

Input  Resistance 

V|N  =  +10V 

1 

10 

Mn 

C|N 

Input  Capacitance 

1.5 

pF 

Input  Voltage  Range 

+10 

+12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±10V 

56 

63 

dB 

Inverting  Input  Current  Common  Mode  Rejection 

VCM  =  ±10V 

30 

100 

nA/V 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4.5Vto±18V 

68 

80 

dB 

Non-Inverting  Input  Current  Power  Supply  Rejection 

Vs  =  ±4.5Vto±18V 

12 

100 

nA/V 

Inverting  Input  Current  Power  Supply  Rejection 

Vs  =  ±4.5Vto±18V 

60 

500 

nA/V 

AV 

Large  Signal  Voltage  Gain 

Rload  =  400£2,Vout  =  ±10V 

70 

89 

dB 

Rol 

Transresistance,  AVqut/AIin- 

RLoad  =  400Q,Vout  =  ±10V 

1.5 

5 

MQ 

VOUT 

Maximum  Output  Voltage  Swing 

Rload  =  200Q 

±10 

±12 

V 

'out 

Maximum  Output  Current 

RLOAD  =  200n 

50 

60 

mA 

SR 

Slew  Rate 

Rf=1.SI(,  RG  =  1.5k,  (Note  2) 

800 

1300 

v/p-s 

BW 

Bandwidth 

Rf  =  Ik,  Rq -  1k,  Vgjj  =  1 0OmV 

100 

MHz 

tr 

Rise  Time 

RF=  15k,  RG=1.5k,Vour  =  1V 

6.0 

ns 

tpo 

Propagation  Delay 

RF  =  1.5k,  RG  =  1.5k,V0UT  =  1V 

6.0 

ns 

Overshoot 

RF  =  1.5k,  RG  =  1.5k,V0UT  =  1V 

5 

% 

k 

Settling  Time,  0.1% 

Rp  =  1k,  RG  =  1k,VOUT  =  10V 

75 

ns 

Differential  Gain 

Rp  =  1  k,  RG  =  1k,  RL  =  15041 

0.02 

% 

Differential  Phase 

RF  =  1k,  RG  =  1k,RL  =  150n 

0.12 

Deg. 

Rout 

Open  Loop  Output  Resistance 

Vout  =  0.  Iout  =  0 

35 

n 

Is 

Supply  Current 

V|N  =  OV 

6 

10 

mA 

Supply  Current,  Shutdown 

Pin  8  Current  =  200nA 

2 

4 

mA 

PnCKflG€/OflD€R  IflFORmflTIOn 


ORDER  PART 

TOP  VIEW 

NUMBER 

NULL  [T 
-IN  [T 
+IN  |T 

v-  Li 

W 

T]  SHUTDOWN 

7]  v* 

J]  OUT 

T|  NULL 

LT1223MJ8 
LT1223CJ8 
LT1223CN8 
LT1223CS8 

J8  PACKAGE            N8  PACKAGE 
8-LEAD  CERAMIC  DIP  8-LEAD  PLASTIC  DIP 

S8  PART  MARKING 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

LT1223-POI01 

1223 
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€ IKTRICfll  CHARACTERISTICS  VS  =  ±15V,  VCM  =  OV,  0  C  <  TA  <  70°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1223C 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

Vpm  -  OV 
VCM  uv 

±1  ±3 

mV 

l|N+ 

Non-Inverting  Input  Current 

Vf  m  -  OV 

— 

±1  ±3 

HA 

!|[<r 

Inverting  Input  Current 

Vm«  -  nv 

VCM  -  uv 

±1  +3 

HA 

RlN 

Input  Resistance 

V||y  -  ±IUV 

1  10 

mh 

Input  Voltage  Range 

±10  ±12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±10V 

56  63 

dB 

Inverting  Input  Current  Common  Mode  Rejection 

VCM  =  ±10V 

30  100 

nA/V 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4.5Vto±18V 

68  80 

dB 

Non-Inverting  Input  Current  Power  Supply  Rejection 

VS  =  ±4.5V  to  ±18V 

12  100 

nA/V 

Inverting  Input  Current  Power  Supply  Rejection 

Vs  =  ±4.5Vto±18V 

60  500 

nA/V 

Av 

Large  Signal  Voltage  Gain 

RLOAD  =  400£2,  VOUT  =  ±10V 

70  89 

dB 

Rol 

Transresistance,  AVqut/AIin- 

RLOad  =  400Q,  VOUT  =  ±10V 

1.5  5 

MU 

VOUT 

Maximum  Output  Voltage  Swing 

RLOAD  =  200£2 

±10  ±12 

V 

•out 

Maximum  Output  Current 

RLOAD  =  200n 

50  60 

mA 

Is 

Supply  Current 

VIN  =  0V 

6  10 

mA 

Supply  Current,  Shutdown 

Pin  8  Current  =  200u.A 

2  4 

mA 

€L€CTRICAl  CHARACTERISTICS  Vs  = +15V,  VCM  =  OV,  -55  C  <  TA  <  125  C,  unless  otherwise  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1223M 
MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

Vcm^OV 

±1  ±5 

mV 

l|N+ 

Non-Inverting  Input  Current 

VCM  =  0V 

±1  ±5 

uA 

[(NT 

Inverting  Input  Current 

VCM  =  0V 

±1  ±10 

u.A 

RlN 

Input  Resistance 

V|N  =  ±10V 

1  10 

MQ 

Input  Voltage  Range 

±10  ±12 

V 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  ±10V 

56  63 

dB 

Inverting  Input  Current  Common  Mode  Rejection 

VCM  =  ±10V 

30  100 

nA/V 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±4.5Vto±15V 

68  80 

dB 

Non-Inverting  Input  Current  Power  Supply  Rejection 

Vs  =  ±4.5Vto  ±15V 

12  200 

nA'V 

Inverting  Input  Current  Power  Supply  Rejection 

Vs  =  ±4.5Vto+15V 

60  500 

nA/V 

Av 

Large  Signal  Voltage  Gain 

RLOad  =  400Q,Vout  =  ±10V 

70  89 

dB 

Rol 

Transresistance,  AV0in7AI|N- 

RL0ad  =  400Q,Vout  =  ±10V 

1.5  5 

Mfi 

VOUT 

Maximum  Output  Voltage  Swing 

Rload  =  200Q 

±7  ±12 

V 

'out 

Maximum  Output  Current 

RLOao  =  200fl 

35  60 

mA 

Is 

Supply  Current 

V,N  =  OV 

6  10 

mA 

Supply  Current.  Shutdown 

Pin  8  Current  =  200nA 

2  4 

mA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 

temperature  range. 

Note  1:  A  heat  sink  may  be  required. 

Note  2:  Non-inverting  operation,  Vqut  =  ±10V,  measured  at  +5V. 
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Supply  Current  vs  Supply  Voltage, 
ViN  =  0  (Operating) 


125' 

! 

7 

25 

C 

-ss 

X 

1 

0    2    4    6    8    10   12   14  16   18  20 
E(±V) 


Supply  Current  vs  Supply  Voltage 
(Shutdown) 


0    2    4    6    8    10   12  14   16   18  20 
SUPPLY  VOLTAGE  (±V) 


100 

f  90 

£  80 

I  70 

|  60 

|  50 

g  40 

BE 

S  20 

QL 

I  "J 

0 


Output  Short  Circuit  Current  vs 
Temperature 


-50   -25      0      25     50     75     100  125 


CASE  TEMPERATURE  (°C) 


Input  Common  Mode  Limit  vs 
Temperature 


V 

S=15 

v 

=  5V 

 V 

;=  -15 

V  

-5V 

-50   -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 

LT1223-TPC05 


+IB  vs  Common  Mode  Voltage 


-lB  vs  Common  Mode  Voltage 


-Vs  = 

t15V— 

125-C 

4- 

-55°C 

-25"C 

COMMON  MODE  VOLTAGE  (V) 

LT1M3-TPC06 


COMMON  MODE  VOLTAGE  (V) 
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Vqs  vs  Common  Mode  Voltage 


Vs  =  ±15V 

125 

^55"C 

-15    -10      -5       0        5        10  15 
E  VOLTAGE  (V) 


Output  Voltage  Swing  vs 
Load  Resistor 


±15 

V 

-25°C 

,  -o 

j  V 

'25°C 

■  V 

C 

12! 

1000 

LOAD  RESISTOR  (Q) 


Output  Voltage  Swing  vs 
Supply  Voltage 
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25°C 

-3D 

25' 

C 

LT1223  ■  TPC09 
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-3dB  Bandwidth  vs 
Feedback  Resistor 
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-3dB  Bandwidth  vs 
Supply  Voltage 
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~AV  =  2 
R,  =10012 
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25'C 
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Rf  • 

1k  

/ 

Rf 

1_5k. 

Hf  =  2k 

FEEDBACK  RESISTOR  (Ml) 
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Minimum  Feedback  Resistor  vs 
Voltage  Gain 
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Maximum  Capacitive  Load  vs 
Feedback  Resistor 
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Open  Loop  Voltage  Gain  vs 
Load  Resistor 
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Spot  Noise  Voltage  and  Current  vs 
Frequency 
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Voltage  Gain  and  Phase  vs 
Frequency 
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Non-Inverting  Amplifier  Settling 
Time  to  10mV  vs  Output  Step 
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Non-Inverting  Amplifier  Settling 
Time  to  1mV  vs  Output  Step 
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Current  Feedback  Basics 

The  small  signal  bandwidth  of  the  LT1 223,  like  all  current 
feedback  amplifiers,  isn't  a  straight  inverse  function  of  the 
closed  loop  gain.  This  is  because  the  feedback  resistors 
determine  the  amount  of  current  driving  the  amplifier's 
internal  compensation  capacitor.  In  fact,  the  amplifier's 
feedback  resistor  (Rf)  from  outputto  inverting  input  works 
with  internal  junction  capacitances  of  the  LT1223  to  set 
the  closed  loop  bandwidth. 

Even  though  the  gain  set  resistor  (Rg)  from  inverting  input 
to  ground  works  with  Rf  to  set  the  voltage  gain  just  like  it 


does  in  a  voltage  feedback  op  amp,  the  closed  loop 
bandwidth  does  not  change.  This  is  because  the  equiva- 
lent gain  bandwidth  product  of  the  current  feedback  am- 
plifier is  set  by  the  Thevenin  equivalent  resistance  at  the 
inverting  input  and  the  internal  compensation  capacitor. 
By  keeping  Rf  constant  and  changing  the  gain  with  Rg,  the 
Thevenin  resistance  changes  by  the  same  amount  as  the 
change  in  gain.  As  a  result,  the  net  closed  loop  bandwidth 
of  the  LT1223  remains  the  same  for  various  closed  loop 
gains. 
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The  curve  on  the  first  page  shows  the  LT1 223  voltage  gain 
versus  frequency  while  driving  1 00Q,  forfive  gain  settings 
from  1  to  1 00.  The  feedback  resistor  is  a  constant  1  k  and 
the  gain  resistor  is  varied  from  infinity  to  1 0i2.  Shown  for 
comparison  is  a  plot  of  the  fixed  1 00MHz  gain  bandwidth 
limitation  that  a  voltage  feedback  amplifier  would  have.  It 
is  obvious  that  for  gains  greater  than  one,  the  LT1223 
provides  3  to  20  times  more  bandwidth.  It  is  also  evident 
that  second  order  effects  reduce  the  bandwidth  somewhat 
at  the  higher  gain  settings. 

Feedback  Resistor  Selection 

Because  the  feedback  resistor  determines  the  compensa- 
tion of  the  LT1 223,  bandwidth  and  transient  response  can 
be  optimized  for  almost  every  application.  To  increase  the 
bandwidth  when  using  higher  gains,  the  feedback  resistor 
(and  gain  resistor)  can  be  reduced  from  the  nominal  1k 
value.  The  Minimum  Feedback  Resistor  versus  Voltage 
Gain  curve  shows  the  values  to  use  for  ±15V  supplies. 
Larger  feedback  resistors  can  also  be  used  to  slow  down 
the  LT1223  as  shown  in  the  -3dB  Bandwidth  versus 
Feedback  Resistor  curve. 

Capacitive  Loads 

The  LT1223  can  be  isolated  from  capacitive  loads  with  a 
small  resistor  (1 0S1  to  20Q)  or  it  can  drive  the  capacitive 
load  directly  if  the  feedback  resistor  is  increased.  Both 
techniques  lower  the  amplifier's  bandwidth  about  the 
same  amount.  The  advantage  of  resistive  isolation  is  that 
the  bandwidth  is  only  reduced  when  the  capacitive  load  is 
present.  The  disadvantage  of  resistor  isolation  is  that 
resistive  loading  causes  gain  errors.  Because  the  DC 
accuracy  is  not  degraded  with  resistive  loading,  the  de- 
sired way  of  driving  capacitive  loads,  such  as  flash  con- 
verters, is  to  increase  thefeedback  resistor.  The  Maximum 
Capacitive  Load  versus  Feedback  Resistor  curve  shows 
the  value  of  feedback  resistor  and  capacitive  load  that 
gives  5dB  of  peaking.  For  less  peaking,  use  a  larger 
feedback  resistor. 

Power  Supplies 

The  LT1 223  may  be  operated  with  single  or  split  supplies 
as  low  as  14V  (8V  total)  to  as  high  as  ±1 8V  (36V  total).  It 


is  not  necessary  to  use  equal  value  split  supplies,  how- 
ever, the  offset  voltage  will  degrade  about  350|jV  per  volt 
of  mismatch.  The  internal  compensation  capacitor  de- 
creases with  increasing  supply  voltage.  The  -3dB  Band- 
width versus  Supply  Voltage  curve  shows  how  this  affects 
the  bandwidth  for  various  feedback  resistors.  Generally, 
the  bandwidth  at  ±5V  supplies  is  about  half  the  value  it  is 
at  ±15V  supplies  for  a  given  feedback  resistor. 

The  LT1223  is  very  stable  even  with  minimal  supply 
bypassing,  however,  the  transient  response  will  suffer  if 
the  supply  rings.  It  is  recommended  for  good  slew  rate  and 
settling  time  that  4.7u.F  tantalum  capacitors  be  placed 
within  0.5  inches  of  the  supply  pins. 

Input  Range 

The  non-inverting  input  of  the  LT1223  looks  like  a  10M 
resistor  in  parallel  with  a  3pF  capacitor  until  the  common 
mode  range  is  exceeded.  The  input  impedance  drops 
somewhat  and  the  input  current  rises  to  about  1 0p.A  when 
the  input  comes  too  close  to  the  supplies.  Eventually, 
when  the  input  exceeds  the  supply  by  one  diode  drop,  the 
base  collector  junction  of  the  input  transistor  forward 
biases  and  the  input  current  rises  dramatically.  The  input 
current  should  be  limited  to  10mA  when  exceeding  the 
supplies.  The  amplifier  will  recover  quickly  when  the  input 
is  returned  to  its  normal  common  mode  range  unless  the 
input  was  over  500mV  beyond  the  supplies,  then  it  will 
take  an  extra  100ns. 

Offset  Adjust 

Output  offset  voltage  is  equal  to  the  input  offset  voltage 
times  the  gain  plus  the  inverting  input  bias  current  times 
the  feedback  resistor.  For  low  gain  applications  (3  or  less) 
a  1 0kQ.  pot  connected  to  pins  1  and  5  with  wiper  to  V+  will 
trim  the  inverting  input  current  (±1 0^A)  to  null  the  output; 
it  does  not  change  the  offset  voltage  very  much.  If  the 
LT1223  is  used  in  a  high  gain  application,  where  input 
offset  voltage  is  the  dominate  error,  it  can  be  nulled  by 
pulling  approximately  1 00|uAf  rom  pin  1  or  5.  The  easy  way 
to  do  this  is  to  use  a  1 0kfi  pot  between  pin  1  and  5  with  a 
1 50kn  resistor  from  the  wiper  to  ground  for  1 5V  supply 
applications.  Use  a  47k  resistor  when  operating  on  a  5V 
supply. 
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Shutdown 

Pin  8  activates  a  shutdown  control  function.  Pulling  more 
than  200u.A  from  pin  8  drops  the  supply  current  to  less 
than  3mA,  and  puts  the  output  into  a  high  impedance  state. 
The  easy  way  to  force  shutdown  is  to  ground  pin  8,  using 
an  open  collector  (drain)  logic  stage.  An  internal  resistor 
limits  current,  allowing  direct  interfacing  with  no  additional 
parts.  When  pin  8  is  open,  the  LT1223  operates  normally. 

Slew  Rate 

The  slew  rate  of  a  current  feedback  amplifier  is  not  inde- 
pendent of  the  amplifier  gain  configuration  the  way  it  is  in 
a  traditional  op  amp.  This  is  because  the  input  stage  and 
the  output  stage  both  have  slew  rate  limitations.  Inverting 
amplifiers  do  not  slew  the  input  and  are  therefore  limited 
only  by  the  output  stage.  High  gain,  non-inverting  ampli- 
fiers are  similar.  The  input  stage  slew  rate  of  the  LT1 223  is 
about  350V/|iS  before  it  becomes  non-linear  and  is  en- 
hanced by  the  normally  reverse  biased  emitters  on  the 
input  transistors.  The  output  slew  rate  depends  on  the  size 
of  the  feedback  resistors.  The  peak  output  slew  rate  is 
about  2000V/u.s  with  a  1k  feedback  resistor  and  drops 
proportionally  for  larger  values.  At  an  output  slew  rate  of 
1000V/u.s  or  more,  the  transistors  in  the  "mirror  circuits" 
will  begin  to  saturate  due  to  the  large  feedback  currents. 
This  causes  the  outputto  have  slew  induced  overshoot  and 
is  somewhat  unusual  looking;  it  is  in  no  way  harmful  or 
dangerous  to  the  device.  The  photos  show  the  LT1 223  in 
a  non-inverting  gain  of  three  (Rf  =  1  k,  Rg  =  500Q)  with  a 
20V  peak-to-peak  output  slewing  at  500V/u.s,  1000V/u.s 
and  2000V/,s. 

Settling  Time 

The  Inverting  Amplifier  Settling  Time  versus  Output  Step 
curve  shows  that  the  LT1223  will  settle  to  within  1mV  of 
final  value  in  less  than  1 00ns  for  all  output  changes  of  1 0V 
or  less.  When  operated  as  an  inverting  amplifier  there  is 
less  than  500u.V  of  thermal  settling  in  the  amplifier. 
However,  when  operating  the  LT1223  as  a  non-inverting 
amplifier,  there  is  an  additional  thermal  settling  compo- 
nent that  is  about  200u.V  for  every  volt  of  input  common 
mode  change.  So  a  non-inverting  gain  of  one  amplifier  will 


Output  Slew  Rate  of  500V/us 
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have  about  2.5mV  thermal  tail  on  a  10V  step.  Unfortu- 
nately, reducing  the  input  signal  and  increasing  the  gain 
always  results  in  a  thermal  tail  of  about  the  same  amount 
for  a  given  output  step.  For  this  reason  we  show  separate 
graphs  of  10mV  and  1  mV  non-inverting  amplifier  settling 
times.  Just  as  the  bandwidth  of  the  LT1223  is  fairly 
constant  for  various  closed  loop  gains,  the  settling  time 
remains  constant  as  well. 

Adjustable  Gain  Amplifier 

To  make  a  variable  gain  amplifier  with  the  LT1 223,  vary  the 
value  of  Rg.  The  implementation  of  Rg  can  be  a  pot,  a  light 
controlled  resistor,  a  FET,  or  any  other  low  capacitance 
variable  resistor.  The  value  of  Rf  should  not  be  varied  to 
change  the  gain.  If  Rf  is  changed,  then  the  bandwidth  will 
be  reduced  at  maximum  gain  and  the  circuit  will  oscillate 
when  Rf  is  very  small. 


Adjustable  Bandwidth  Amplifier 

Because  the  resistance  at  the  inverting  input  determines 
the  bandwidth  of  the  LT1223,  an  adjustable  bandwidth 
circuit  can  be  made  easily.  The  gain  is  set  as  before  with 
Rf  and  Rg;  the  bandwidth  is  maximum  when  the  variable 
resistor  is  at  a  minimum. 


Accurate  Bandwidth  Limiting  The  LT1223 

It  is  very  common  to  limit  the  bandwidth  of  an  op  amp  by 
putting  a  small  capacitor  in  parallel  with  Rf.  DO  NOT  PUT 
A  SMALL  CAPACITOR  FROM  THE  INVERTING  INPUT  OF 
ACURRENT FEEDBACK AMPLIFIERTO ANYWHERE  ELSE, 
ESPECIALLY  NOT  TO  THE  OUTPUT.  The  capacitor  on  the 
inverting  input  will  cause  peaking  or  oscillations.  If  you 
need  to  limit  the  bandwidth  of  acurrentfeedbackamplifier, 
use  a  resistor  and  capacitor  at  the  non-inverting  input  (R1 
&  C1).  This  technique  will  also  cancel  (to  a  degree)  the 
peaking  caused  by  stray  capacitance  at  the  inverting  input. 
Unfortunately,  this  will  not  limit  the  output  noise  the  way 
it  does  for  the  op  amp. 


R1  =  300O 
C1 > 100pF 
BW  =  5MHz 


LT  ,223  -  TADS 


Current  Feedback  Amplifier  Integrator 

Since  we  remember  that  the  inverting  input  wants  to  see 
a  resistor,  we  can  add  one  to  the  standard  integrator 
circuit.  This  generates  a  new  summing  node  where  we  can 
apply  capacitive  feedback.  The  LT1223  integrator  has 
excellent  large  signal  capability  and  accurate  phase  shift  at 
high  frequencies. 


LT1 223  •  TAW 
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I  Accurate) 

The  summing  amplifier  is  easily  made  by  adding  additional 
inputs  to  the  basic  inverting  amplifier  configuration.  The 
LT1223  has  no  l0s  spec  because  there  is  no  correlation 
between  the  two  input  bias  currents.  Therefore,  we  will  not 
improve  the  DC  accuracy  of  the  inverting  amplifier  by 
putting  in  the  < 


the  inverting  input  (A1)  senses  the  shield  and  the  non- 
inverting  input  (A2)  senses  the  center  conductor.  Since 
this  amplifier  does  not  load  the  cable  (take  care  to  mini- 
mize stray  capacitance)  and  it  rejects  common  mode  hum 
and  noise,  several  amplifiers  can  sense  the  signal  with 
only  one  termination  at  the  end  of  the  cable.  The  design 
equations  are  simple.  Just  select  the  gain  you  need  (it 
should  be  two  or  more)  and  the  value  of  the  feedback 
resistor  (typically  1  k)  and  calculate  Rg1  and  R92.  The  gain 
can  be  tweaked  with  Rg2  and  the  CMRR  with  Rg1  if  needed. 
The  bandwidth  of  the  non-inverting  input  signal  is  not 
reduced  by  the  presence  of  the  other  amplifier,  however, 
the  inverting  input  signal  bandwidth  is  reduced  since  it 
passes  two  amplifiers.  The  CMRR  is  good  at  high  frequen- 
cies because  the  bandwidth  of  the  amplifiers  are  about  the 
same  even  though  they  do  not  necessarily  operate  at  the 
same  gain. 


Difference  Amplifier 

The  LT1223  difference  amplifier  delivers  excellent 
performance  if  the  source  impedance  is  very  low.  This  is 
because  the  common  mode  input  resistance  is  only  equal 
to  Rf  +  Rg. 


v, — vw- 


(Rf-50) 

_vw— 


*Mi —  i 


OPTIONAL  TRIM 
FOR  CMRR 


V2  VW- 

V0UT=^-(Vi-V2) 


LT1223^>— V0UT 


Rf 

-Wr 


Video  Instrumentation  Amplifier 

This  instrumentation  amplifier  uses  two  LT1223s  to  in- 
crease the  input  resistance  to  well  over  1  MSI.  This  makes 
an  excellent  "loop  through"  or  cable  sensing  amplifier  if 


V0UT  =  G(V|N.-V,N-) 

Rn  =  R12:  Rgi  =(G-1)R,2:  Rg2  =  g^ 

TRIM  GAIN  (G)  WITH  Ro2;  TRIM  CMRR  WITH  R0l 

LT1223-TMS 

Cable  Driver 

The  cable  driver  circuit  is  shown  on  the  front  page.  When 
driving  a  cable  it  is  important  to  properly  terminate  both 
ends  if  even  modest  high  frequency  performance  is 
required.  The  additional  advantage  of  this  is  that  it  isolates 
the  capacitive  load  of  the  cable  from  the  amplifier  so  it  can 
operate  at  maximum  bandwidth. 


jjvm 
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150mA  Output  Current  Video  Amp 


simpuFi€D  scHcmmic 
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■  Unity  Gain  Stable 

■  45MHz  Gain  Bandwidth 

■  400V/u.s  Slew  Rate 

■  7V/mV  DC  Gain,  RL  =  500fi 

■  2mV  Input  Offset  Voltage 

■  ±12V  Output  Swing  into  500Q 

■  Wide  Supply  Range  ±5V  to  ±1 5V 

■  7mA  Supply  Current 

■  90ns  Settling  Time  to  0.1%,  10V  Step 

■  Drives  All  Capacitive  Loads 


nppucOTions 

■  Wideband  Amplifiers 

■  Buffers 

■  Active  Filters 

■  Video  and  RF  Amplification 

■  Cable  Drivers 


LT1224 


Very  High  Speed 
Operational  Amplifier 


DCSCRIPTIOn 

The  LT1 224  is  a  very  high  speed  operational  amplifier  with 
excellent  DC  performance.  The  LT1224  features  reduced 
input  offset  voltage  and  higher  DC  gain  than  devices  with 
comparable  bandwidth  and  slew  rate.  The  circuit  is  a 
single  gain  stage  with  outstanding  settling  characteristics. 
The  fast  settling  time  makes  the  circuit  an  ideal  choice  for 
data  acquisition  systems.  The  output  is  capable  of  driving 
a  500ft  load  to  ±1 2V  with  ±1 5V  supplies  and  a  1 50D  load 
to  ±3V  on  ±5V  supplies.  The  circuit  is  also  capable  of 
driving  large  capacitive  loads  which  makes  it  useful  in 
buffer  or  cable  driver  applications. 

The  LT1224  is  a  member  of  a  family  of  fast,  high  per- 
formance amplifiers  that  employ  Linear  Technology 
Corporation's  advanced  bipolar  complementary 
processing. 


TYPICAL  flPPUCOTIOn 


DAC  Current  to  Voltage  Converter 


Inverter  Pulse  Response 


5kSi  1  LS8  SETTLING  =  140ns 


XTUSBB 
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Total  Supply  Voltage  (V+  to  V")  36V 

Differential  Input  Voltage  ±6V 

Input  Voltage  i^s 

Output  Short  Circuit  Duration  (Note  1)  Indefinite 

Operating  Temperature  Range 

LT1224C  0°Cto  70°C 

Maximum  Junction  Temperature 

Plastic  Package  150°C 

Storage  Temperature  Range  -65°C  to150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  MFORfTIRTIOn 


NULL  fT 
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7  [T 
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N8  PACKAGE  S8  PACKAGE 

i-LEAD  PLASTIC  DIP    8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LT1224CN8 
LT1224CS8 


S8  PART  MARKING 


1224 


€i.€CTRKfll  CHRRRCT€RISTICS  Vs  =  ±15V,  Tfl  =  25°C,  RL  =  1kn,  VCM  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

T/P 

MAX 

UNITS 

V0S 

Input  Offset  Voltage 

(Note  2) 

0.5 

2.0 

mV 

I  OS 

Input  Offset  Current 

100 

400 

nA 

Ib 

Input  Bias  Current 

4 

8 

HA 

en 

Input  Noise  Voltage 

f  =  10kHz 

22 

nVA/Hz 

in 

Input  Noise  Current 

1  =  10kHz 

1.5 

pA/VRz 

R|N 

Input  Resistance 

VCM  =  ±12V 

24 

40 

Mfl 

Input  Resistance 

Differential 

250 

k£J 

C|N 

Input  Capacitance 

2 

PF 

Input  Voltage  Range  + 

12 

14 

V 

Input  Voltage  Range  - 

-13 

-12 

V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  ±12V 

86  100 

ciB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto±15V 

75 

84 

dB 

Avol 

Large  Signal  Voltage  Gain 

V0UT  =  ±10V,  RL  =  500n 

3.3 

7 

V/mV 

VOJT 

Output  Swing 

RL  =  500Q 

12.0 

13.3 

±V 

l0UT 

Output  Current 

V0UT  =  ±12V 

24 

40 

mA 

SR 

Slew  Rate 

AVcl  =  -2,  (Note  3) 

250 

400 

V.<MS 

Full  Power  Bandwidth 

10V  Peak.  (Note  4) 

6.4 

MHz 

GBW 

Gain  Bandwidth 

f  =  1MHz 

45 

MHz 

tf,t( 

Rise  Time,  Fall  Time 

AVC|  =  +1, 10%-90%,  0.1V 

5 

ns 

Overshoot 

AVCL  =  +1,0.1V 

30 

% 

Propagation  Delay 

50%  V,N  to  50%  V0UT 

5 

ns 

ts 

Settling  Time 

10V  Step,  0.1% 

90 



ns 

Differential  Gain 

f  =  3.58MHz,  RL  =  150Q 

1.0 

% 

Differential  Phase 

f  =  3.58MHz.  RL  =  150U 

2.4 

Deg 

Ro 

Output  Resistance 

Avcl  =  +1,  f  =  1MHz 

2.5 

n 

is 

Supply  Current 

7 

9 

mA 
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€l€CTRICRL  CHRRRCT€RISTICS  Vs  =  !5V  TA  =  25  C.  RL  =  1kn,  VCM  =  OV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

niiti                           -w-w  r\                            mm  m  v 

MIN            TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

/til  —a—  r\\ 

(Note  2) 

1.0  4.0 

mV 

los 

Input  Offset  Current 

100  400 

nA 

1 

Input  Bias  Current 

4  8 

uA 

Input  Voltage  Range  + 

2.5  4 

V 

Input  Voltage  Range  - 

-3  -2.5 

V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  ±2.5V 

86  98 

dB 

AvOL 

Large  Signal  Voltage  Gain 

V0ut  =  ±2.5V,  RL  =  500Q 

2.5  7 

V/mV 

Large  Signal  Voltage  Gain 

V0ijT  =  ±2.5V,  RL  =  150£2 

3 

V/mV 

VOUT 

Output  Swing 

RL  =  500O 

3.0  3.7 

±V 

Output  Swing 

Rl  -  150Q 

3.0  3.3 

±V 

l0UT 

Output  Current 

V0UT  =  ±3V 

20  40 

mA 

SR 

Slew  Rate 

Avcl  =  -2.  (Note  3) 

250 

V/us 

Full  Power  Bandwidth 

3V  Peak,  (Note  4) 

13.3 

MHz 

GBW 

Gain  Bandwidth 

f  =  1MHz 

34 

MHz 

Ut 

Rise  Time,  Fall  Time 

Avcl  =  +1,10%-90%,  0.1V 

7 

ns 

Overshoot 

Avcl  =  +1.  0.1V 

20 

% 

Propagation  Delay 

50%  V|N  to  50%  Vqut 

7 

ns 

ts 

Settling  Time 

-2.5V  to  2.5V,  0.1% 

90 

ns 

Is 

Supply  Current 

7  9 

mA 

€l€CTRICRL  CHRRRCT€RISTICS  0  C  <  TA  <  70  C,  RL  =  1ki 2,  VCm  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

VS  =  ±15V,  (Note  2) 

1 

4 

mV 

Input  Offset  Voltage 

VS  =  ±5V,  (Note  2) 

5 

mV 

Input  Vos  Drift 

25 

u.V/°C 

los 

Input  Offset  Current 

VS  =  ±15V  andVs  =  ±5V 

100 

600 

nA 

Ib 

Input  Bias  Current 

VS  =  ±15V  andVs  =  ±5V 

4 

9 

HA 

CMRR 

Common-Mode  Rejection  Ratio 

Vs  =  ±15V,  VCM  =  ±12V  and  Vs  =  ±5V,  VCM  =  +2.5V 

83  98 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto±15V 

73 

84 

dB 

AvOL 

Large  Signal  Voltage  Gain 

Vs  =  ±15V,VOut  =  ±10V,Rl  =  500Q 

2.5 

7 

V/mV 

Large  Signal  Voltage  Gain 

VS  =  ±5V,  VOUT  =  ±2  5V,  RL  =  500£i 

2.0 

7 

V/mV 

VouT 

Output  Swing 

VS  =  ±15V,  RL  =  500n 

12.0 

13.3 

±V 

Output  Swing 

VS  =  ±5V,  RL  =  500Qor150n 

3.0 

3.3 

±V 

l0UT 

Output  Current 

VS  =  ±15V,  V0UT  =  ±12V 

24 

40 

mA 

Output  Current 

VS  =  ±5V,V0UT  =  ±3V 

20 

40 

mA 

SR 

Slew  Rate 

Vs  =  ±15V,AVCL  =  -2,  (Note  3) 

250 

400 

V/u.s 

Is 

Supply  Current 

VS  =  ±15V  andVs  =  ±5V 

7 

10.5 

mA 

Note  1:  A  heat  sink  may  be  required  to  keep  the  junction  temperature  Note  3:  Slew  rate  is  measured  in  a  gain  of  -2  between  ±10V  on  the  output 

below  absolute  maximum  when  the  output  is  shorted  indefinitely.  with  ±6V  on  the  input  for  ±1 5V  supplies  and  ±2V  on  the  output  with 

Note  2:  Input  offset  voltage  is  tested  with  automated  test  equipment  ±1  -75V  on  the  input  for  ±5V  supplies, 

in  <1  second.  Note  4:  Full  power  bandwidth  is  calculated  from  the  slew  rate 

measurement:  FPBW  =  SR/2rcVp. 
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Input  Common  Mode  Range  vs 
Supply  Voltage 


Tfl  =  25 
AV0S< 

C 

1mV 

5  10  15 

SUPPLY  VOLTAGE  (±V) 


Supply  Current  vs  Supply  Voltage 


6.0 


TA  =  25 

C 

5  10  15 

SUPPLY  VOLTAGE  (±V) 

LT 


Output  Voltage  Swing  vs 
Supply  Voltage 


Tfl  =  25 
RL  =  50 
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Output  Voltage  Swing  vs 
Resistive  Load 


100  1k 
LOAD  RESISTANCE  (£2) 


Input  Bias  Current  vs  Input 
Common  Mode  Voltage 
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Open  Loop  Gain  vs 
Resistive  Load 
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Supply  Current  vs  Temperature 
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Input  Bias  Current  vs  Temperature 
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Output  Short  Circuit  Current  vs 
Temperature 
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Input  Noise  Spectral  Density 


Power  Supply  Rejection  Ratio  vs 
Frequency 
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t15V 
>5°C 
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Voltage  Gain  and  Phase  vs 
Frequency 
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Common  Mode  Rejection  Ratio  vs 
Frequency 
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Frequency  Response  vs 
Capacitive  Load 


LT1224-TPC13 


10M  100M 

FREQUENCY  (Hz) 


LT1224.  IPC1S 


Closed  Loop  Output  Impedance  vs 
Frequency 
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The  LT1 224  may  be  inserted  directly  into  HA2541 ,  HA2544, 
AD847,  EL2020  and  LM6361  applications,  provided  that 
the  nulling  circuitry  is  removed.  The  suggested  nulling 
circuit  for  the  LT1 224  is  shown  below. 


0.1MF 


0.1(iF 


Layout  and  Passive  Components 

As  with  any  high  speed  operational  amplifier,  care  must  be 
taken  in  board  layout  in  order  to  obtain  maximum  perfor- 
mance. Key  layout  issues  include:  use  of  a  ground  plane, 
minimization  of  stray  capacitance  at  the  input  pins,  short 
lead  lengths,  RF-quality  bypass  capacitors  located  close 
to  the  device  (typically  COI^F  to  0.1jj.F),  and  use  of  low 
ESR  bypass  capacitors  for  high  drive  current  applications 
(typically  1p.F  to  10nF  tantalum).  Sockets  should  be 
avoided  when  maximum  frequency  performance  is 
required,  although  low  profile  sockets  can  provide 
reasonable  performance  up  to  50MHz.  For  more  details 
see  Design  Note  50.  Feedback  resistor  values  greater  than 
5kQ  are  not  recommended  because  a  pole  is  formed  with 
the  input  capacitance  which  can  cause  peaking.  If  feed- 
back resistors  greater  than  5kD  are  used,  a  parallel 
capacitor  of  5pFto  1 0pF  should  be  used  to  cancel  the  input 
pole  and  optimize  dynamic  performance. 

Transient  Response 

The  LT1224  gain  bandwidth  is  45MHz  when  measured  at 
f  =  1MHz.  The  actual  frequency  response  in  unity  gain  is 
considerably  higherthan  45MHz  due  to  peaking  caused  by 
a  second  pole  beyond  the  unity  gain  crossover.  This  is 
reflected  in  the  50°  phase  margin  and  shows  up  as 


overshoot  in  the  unity  gain  small  signal  transient  re- 
sponse. Higher  noise  gain  configurations  exhibit  less 
overshoot  as  seen  in  the  inverting  gain  of  one  response. 


Small  Signal,  Av  =  -1 

m 


Small  Signal,  Av  =  +1 

1  ' 


The  large  signal  responses  in  both  inverting  and  non- 
inverting  gain  show  symmetrical  slewing  characteristics. 
Normally  the  non-inverting  response  has  a  much  faster 
rising  edge  than  falling  edge  due  to  the  rapid  change  in 
input  common  mode  voltage  which  affects  the  tail  current 
of  the  input  differential  pair.  Slew  enhancement  circuitry 
has  been  added  to  the  LT1224  so  that  the  non-inverting 
slew  rate  response  is  balanced. 


Large  Signal,  Av  =  +1 


Large  Signal,  Av  =  -1 


MM  a— mi 

— L- 
Bni 
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Input  Considerations 

Resistors  in  series  with  the  inputs  are  recommended  for 
the  LT1224  in  applications  where  the  differential  input 
voltage  exceeds  ±6V  continuously  or  on  a  transient  basis. 
An  example  would  be  in  non-inverting  configurations  with 
high  input  slew  rates  or  when  driving  heavy  capacitive 
loads.  The  use  of  balanced  source  resistance  at  each  input 
is  recommended  for  applications  where  DC  accuracy  must 
be  maximized. 
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Capacitive  Loading 

The  LT1224  is  stable  with  all  capacitive  loads.  This  is 
accomplished  by  sensing  the  load  induced  output  poleand 
adding  compensation  at  the  amplifier  gain  node.  As  the 
capacitive  load  increases,  both  the  bandwidth  and  phase 
margin  decrease  so  there  will  be  peaking  in  the  frequency 
domain  and  in  the  transient  response.  The  photo  of  the 
small  signal  response  with  1 0OOpF  load  shows  50% 
peaking.  The  large  signal  response  with  a  10,000pF  load 
shows  the  output  slew  rate  being  limited  by  the  short 
circuit  current. 


Av  =  -1 ,  CL  =  1 0OOpF  Av  =  +1 ,  CL  =  1 0,000pF 


The  LT1224  can  drive  coaxial  cable  directly,  but  for  best 
pulse  fidelity  the  cable  should  be  doubly  terminated  with 
a  resistor  in  series  with  the  output. 


LT1224.TAO? 


DAC  Current  to  Voltage  Converter 

The  wide  bandwidth,  high  slew  rate  and  fast  settling  time 
of  the  LT1224  make  it  well  suited  for  current  to  voltage 
conversion  after  current  output  D/A  converters.  A  typical 
application  is  shown  on  page  one  with  a  DAC-08  type 
converter  with  a  full-scale  output  of  2mA.  A  compensation 
capacitor  is  used  across  the  feedback  resistor  to  null  the 
pole  at  the  inverting  input  caused  by  the  DAC  output 
capacitance.  The  combination  of  the  LT1224  and  DAC 
settles  to  40mV  in  1 40ns  for  both  a  0V  to  1 0V  step  and  for 
a  10V  to  0V  step. 


tvpicrl  nppucOTions 


1MHz,  2nd  Order  Butterworth  Filter  Two  Op  Amp  Instrumentation  Amplifier 


SMALL  SIGNAL  OVERSHOOT  =  10%  ut.^.tao.  TRIM  R5  FOR  GAIN 

TRIM  R1  FOR  COMMON  MODE  REJECTION 
BW  =  430kHz 


2-243 


LT1224 


SimPUFICD  SCHCmflTIC 


2-244 


TECHNOLOGY 


F€flTUfl€S 

■  Gain  of  5  Stable 

■  150MHz  Gain  Bandwidth 

■  400V/u.s  Slew  Rate 

■  20V/mV  DC  Gain,  RL  =  500Q 

■  1  mV  Maximum  Input  Offset  Voltage 

■  ±12V  Minimum  Output  Swing  into  500Q 

■  Wide  Supply  Range  +2.5V  to  +1 5V 

■  7mA  Supply  Current 

■  90ns  Settling  Time  to  0.1%,  10V  Step 

■  Drives  All  Capacitive  Loads 

RPPUCATIOnS 

■  Wideband  Amplifiers 

■  Buffers 

■  Active  Filters 

■  Video  and  RF  Amplification 

■  Cable  Drivers 

■  Data  Acquisition  Systems 


 LT1225 

Very  High  Speed 
Operational  Amplifier 

DCSCRIPTIOn 

The  LT1 225  is  a  very  high  speed  operational  amplifier  with 
excellent  DC  performance.  The  LT1225  features  reduced 
input  offset  voltage  and  higher  DC  gain  than  devices  with 
comparable  bandwidth  and  slew  rate.  The  circuit  is  a 
single  gain  stage  with  outstanding  settling  characteristics. 
The  fast  settling  time  makes  the  circuit  an  ideal  choice  for 
data  acquisition  systems.  The  output  is  capable  of  driving 
a  500Q  load  to  ±1 2V  with  +1 5V  supplies  and  a  1 50Q  load 
to  +3V  on  ±5V  supplies.  The  circuit  is  also  capable  of 
driving  large  capacitive  loads  which  makes  it  useful  in 
buffer  or  cable  driver  applications. 

The  LT1225  is  a  member  of  a  family  of  fast,  high  per- 
formance amplifiers  that  employ  Linear  Technology 
Corporation's  advanced  bipolar  complementary 
processing. 


TVPicm  nppucOTion 


20MHz,Av  =  50  Instrumentation  Amplifier 


Gain  of  +5  Pulse  Response 
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Total  Supply  Voltage  (V+  to  V")  36V 

Differential  Input  Voltage  ±6V 

Input  Voltage  iVs 

Output  Short  Circuit  Duration  (Note  1)  Indefinite 

Operating  Temperature  Range 

LT1225C  0°C  to  70°C 

Maximum  Junction  Temperature 

Plastic  Package  150°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 

^ ^ — 

€l€CTRICfll  CHRRRCTCRISTICS  vs  =  +15V,  TA  =  25°C,  VCm  =  DV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  2) 

0.5 

1.0 

mV 

los 

Input  Offset  Current 

100 

400 

nA 

la 

Input  Bias  Current 

4  8 

HA 

en 

Input  Noise  Voltage 

f  =  10kHz 

7.5 

nV/VHz 

in 

Input  Noise  Current 

f  =  10kHz 

1.5 

pAAHz 

R|N 

Input  Resistance 

VCM  =  ±12V 
Differential 

24 

40 

70 

M£2 
k£l 

C,N 

Input  Capacitance 

2 

PF 

Input  Voltage  Range  + 

12 

14 

V 

Input  Voltage  Range  - 

-13 

-12 

V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  ±12V 

94 

115 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto±15V 

86 

95 

dB 

AvOL 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,  RL  =  500Q 

12.5 

20 

V/mV 

VOUT 

Output  Swing 

RL  =  soon 

12.0 

13.3 

±V 

■out 

Output  Current 

V0UT  =  ±12V 

24 

40 

mA 

SR 

Slew  Rate 

(Note  3) 

250  400 

V/u.s 

Full  Power  Bandwidth 

10V  Peak,  (Note  4) 

6.4 

MHz 

GBW 

Gain  Bandwidth 

f  =  1MHz 

150 

MHz 

tr.tf 

Rise  Time,  Fall  Time 

Avcl  =  +5, 10%  to  90%,  0.1V 

7 

ns 

Overshoot 

AVCL  =  +5,  0.1  V 

20 

% 

Propagation  Delay 

50%  V|N  to  50%  V0Ut 

7 

ns 

ts 

Settling  Time 

10V  Step,  0.1%,  Av  =  -5 

90 

ns 

Differential  Gain 

f  =  3.58MHz,  Av  =  +5,  RL  =  150Q 

1.0 

% 

Differential  Phase 

f  =  3.58MHz,  Av  =  +  5,  RL  =  150Q 

1.7 

Deg 

Ro 

Output  Resistance 

AVCL  =  +5,f  =  1MHz 

4.5 

Q 

Is 

Supply  Current 

7  9 

mA 

NULL  [T 

-IN  U 

+  IN  [T 

y-  Li 


TOP  VIEW 

— — 


J]  NULL 

T]  v* 

J]  OUT 
T]  NC 


N8  PACKAGE  S8  PACKAGE 

l-LEAD  PLASTIC  DIP   8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LT1225CN8 
LT1225CS8 


S8  PART  MARKING 


1225 
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€l€CTMCni  CHIMnCTCMSTICS  Vs  =  ±5V,  TA  =  25°C,  VCm  =  OV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V0S 

Input  Offset  Voltage 

(Note  2) 

1.0 

2.0 

mV 

•os 

Input  Offset  Current 

100 

400 

nA 

Ib 

Input  Bias  Current 

4 

8 

uA 

Input  Voltage  Range  + 

2.5 

4 

V 

Input  Voltage  Range  - 

-3  -2.5 

v 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  +2.5V 

94 

115 

dB 

AvoL 

Large  Signal  Voltage  Gain 

Vout  =  ±2.5V,  RL  =  500£1 
VmiT-  +2  5V  Ri  -  150Q 

OUT              >      —  i  Juii 


10 

15 
13 

V/mV 
V/mV 

Vni  it 

vOUT 

fliitntit  Vnltanp 

Ri  -  5000 

RL  =  150Q 

3.0 
3.0 

3.7 
3.3 

±V 
±V 

l0UT 

Output  Current 

V0UT  =  ±3V 

20 

40 

mA 

SR 

Slew  Rate 

(Note  3) 

250 

V/us 

Full  Power  Bandwidth 

3V  Peak,  (Note  4) 

13.3 

MHz 

GBW 

Gain  Bandwidth 

f=1MHz 

100 

MHz 

tr.t) 

Rise  Time,  Fall  Time 

AVCL  =  +5, 10%  to  90%,  0.1V 

9 

ns 

Overshoot 

AVCL  =  +5,  0.1V 

10 

% 

Propagation  Delay 

50%  V|N  to  50%  Vout 

9 

ns 

ts 

Settling  Time 

-2.5V  to  2.5V,  0.1%,  Av  =  -4 

70 

ns 

Is 

Supply  Current 

7  9 

mA 

€l€CTRKni  CHnRnCT€RISTICS  o  c  ta  <  70  C.  Vqm  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

VS  =  ±15V,  (Note  2) 
VS  =  ±5V,  (Note  2) 

0.5 
1.0 

1.5 
2.5 

mV 
mV 

Input  Vos  Drift 

10 

MV/'C 

los 

Input  Offset  Current 

VS  =  ±15V  andVs  =  ±5V 

100 

600 

nA 

Ib 

Input  Bias  Current 

VS  =  ±15V  andVs  =  ±5V 

4 

9 

HA 

CMRR 

Common-Mode  Rejection  Ratio 

VS  =  ±1 5V,  VCM  =  ±1 2V  and  Vs  =  ±5V,  VCM  =  ±2.5V 

93 

115 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±5V  to  ±15V 

85 

95 

dB 

Avol 

Large  Signal  Voltage  Gain 

Vs  =  ±15V,VOuT  =  ±10V,  RL  =  500Q 
VS  =  ±5V,  V0UT  =  ±2.5V,  RL  =  500£2 

10 
8 

12.5 
10 

V/mV 
V/mV 

VOUT 

Output  Swing 

VS  =  ±15V,  RL  =  500tt 

VS  =  ±5V,  RL  =  500Q  or150£l 

12.0 
3.0 

13.3 
3.3 

±V 
±V 

•out 

Output  Current 

VS  =  ±15V,  V0UT  =  ±12V 
Vs  =  ±5V,V0uT  =  ±3V 

24 
20 

40 
40 

mA 
mA 

SR 

Slew  Rate 

VS  =  ±15V,  (Note  3) 

250 

400 

V/u.s 

is 

Supply  Current 

VS  =  ±15V  andVs  =  ±5V 

7 

10.5 

mA 

Note  1:  A  heat  sink  may  be  required  to  keep  the  junction  temperature  Note  3:  Slew  rate  is  measured  between  ±10V  on  an  output  swing  of  ±12V 

below  absolute  maximum  when  the  output  is  shorted  indefinitely.  on  ±1 5V  supplies,  and  +2V  on  an  output  swing  of  ±3.5V  on  ±5V  supplies. 

Note  2:  Input  offset  voltage  is  tested  with  automated  test  equipment  Note  4:  Full  power  bandwidth  is  calculated  from  the  slew  rate 

in  <1  second.  measurement:  FPBW  =  SR/2itVp. 


XTtf!§i 
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Input  Common  Mode  Range  vs 
Supply  Voltage 


TA  =  25 
AV0S< 

C 

1mV 

Am 

5  10  15 

SUPPLY  VOLTAGE  (±V) 


20 


Supply  Current  vs  Supply  Voltage 


6.0 


TA  =  25 

C 

0  5  10  15 

SUPPLY  VOLTAGE  (tV) 


Output  Voltage  Swing  vs 
Supply  Voltage 


<  10 


T»  =  25 
RL  =  50 

c 

30mV 

'_vsw 

5  10  15 

SUPPLY  VOLTAGE  (±V) 


Output  Voltage  Swing  vs 
Resistive  Load 


10  100  1k 

LOAD  RESISTANCE  (Q) 


Input  Bias  Current  vs  Input 
Common  Mode  Voltage 


l  4.5 


VS  =  ±15V 
TA=25X 

I     'B*  + 

B- 

Z 

-15     -10      -5       0        5       10  15 
INPUT  COMMON  MODE  VOLTAGE  (V) 

LT1225TPC05 


Open  Loop  Gain  vs 
Resistive  Load 


100  1k 
LOAD  RESISTANCE  (£1) 


Supply  Current  vs  Temperature 


=  i15\ 

1 

0  25  50  75  100  125 
TEMPERATURE  CO 


5.0 
_4.75 

i 

|  4.5 

QZ 
OZ 

o4.25 

CO 
<£ 

Z 

3.75 
3.5 


Input  Bias  Current  vs  Temperature 


1 

=  ±15V 

L  aL  _ 

% 

2 

B— 

-50   -25      0      25      50     75     100  125 
TEMPERATURE  (°C) 


55 

E 

,r  so 

z 
K 

5  45 

O 

|  40 
o 

|  35 

U5 

£  30 


Output  Short  Circuit  Current  vs 
Temperature 


V 

s  =  ±5 

1 

SOUR 

;E*N 

.SINK 

-50   -25      0      25      50     75     100  125 
TEMPERATURE (X) 
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Voltage  Gain  and  Phase  vs 
Frequency 


Output  Swing  vs  Settling  Time 


Frequency  Response  vs 
Capacitive  Load 


3 


=  ±5V> 

vs  = 

=  ±15V 

5°C 

1k      10k     100k  1M 
FREQUENCY  (Hz) 


Closed  Loop  Output  Impedance  vs 
Frequency 


0.01 


Vs  =  ±15\ 
TA  =  25°C 
Ay  =  +5 

10k 


10M 


100M 


40  60  80  100 
SETTLING  TIME  (ns) 


LTC122STPCU 


Gain  Bandwidth  vs  Temperature 


10M 

FREQUENCY  (HZ) 


Slew  Rate  vs  Temperature 


153 
152 

x 

151 

x 
a 

S  150 
o 
.  ■ 

■X 

.-■  149 

CD 

148 


±15V 

500 
450 
400 
350 
300 
250 


±15V 
-5 

-SR 

+SR 

100k  1M 

FREQUENCY  (Hz) 


-50  -25      0      25     50      75     100  125 
TEMPERATURE  (X) 


0  25  50  75  100  125 
TEMPERATURE  fC) 

1 
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The  LT1 225  may  be  inserted  directly  into  HA2541 ,  HA2544, 
AD847,  EL2020  and  LM6361  applications,  provided  that 
the  amplifier  configuration  is  a  noise  gain  of  5  or  greater, 
and  the  nulling  circuitry  is  removed.  The  suggested  nulling 
circuit  for  the  LT1225  is  shown  below. 

Offset  Nulling 


V* 


Layout  and  Passive  Components 

As  with  any  high  speed  operational  amplifier,  care  must  be 
taken  in  board  layout  in  order  to  obtain  maximum  perfor- 
mance. Key  layout  issues  include:  use  of  a  ground  plane, 
minimization  of  stray  capacitance  at  the  input  pins,  short 
lead  lengths,  RF-quality  bypass  capacitors  located  close 
to  the  device  (typically  0.01|iF  to  0.1  jxF),  and  use  of  low 
ESR  bypass  capacitors  for  high  drive  current  applications 
(typically  1  ja.F  to  10u.F  tantalum).  Sockets  should  be 
avoided  when  maximum  frequency  performance  is 
required,  although  low  profile  sockets  can  provide 
reasonable  performance  up  to  50MHz.  For  more  details 
see  Design  Note  50.  Feedback  resistor  values  greaterthan 
5kD  are  not  recommended  because  a  pole  is  formed  with 
the  input  capacitance  which  can  cause  peaking.  If  feedback 
resistors  greater  than  5k  are  used,  a  parallel 
capacitor  of  5pF  to  1 0pF  should  be  used  to  cancel  the  input 
pole  and  optimize  dynamic  performance. 

Transient  Response 

The  LT1 225  gain  bandwidth  is  1 50MHz  when  measured  at 
1MHz.  The  actual  frequency  response  in  gain  of  +5  is 
considerably  higherthan  30MHz  due  to  peaking  caused  by 
a  second  pole  beyond  the  gain  of  5  crossover  point.  This 
is  reflected  in  the  small  signal  transient  response.  Higher 
noise  gain  configurations  exhibit  less  overshoot  as  seen  in 
the  inverting  gain  of  5  response. 


Small  Signal,  Av  =  +5  Small  Signal,  Av  =  -5 


IT1225WB 


The  large  signal  response  in  both  inverting  and  noninverting 
gain  shows  symmetrical  slewing  characteristics.  Nor- 
mally the  noninverting  response  has  a  much  faster  rising 
edge  than  falling  edge  due  to  the  rapid  change  in  input 
common  mode  voltage  which  affects  the  tail  current  of  the 
input  differential  pair.  Slew  enhancement  circuitry  has 
been  added  to  the  LT1225  so  that  the  noninverting  slew 
rate  response  is  balanced. 

Large  Signal,  Ay  =  +5  Large  Signal,  Av  =  -5 
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Input  Considerations 

Resistors  in  series  with  the  inputs  are  recommended  for 
the  LT1225  in  applications  where  the  differential  input 
voltage  exceeds  ±6V  continuously  or  on  a  transient  basis. 
An  example  would  be  in  noninverting  configurations  with 
high  input  slew  rates  or  when  driving  heavy  capacitive 
loads.  The  use  of  balanced  source  resistance  at  each  input 
is  recommended  for  applications  where  DC  accuracy  must 
be  maximized. 

Capacitive  Loading 

The  LT1225  is  stable  with  all  capacitive  loads.  This  is 
accomplished  by  sensing  the  load  induced  output  poleand 
adding  compensation  at  the  amplifier  gain  node.  As  the 
capacitive  load  increases,  both  the  bandwidth  and  phase 
margin  decrease  so  there  will  be  peaking  in  the  frequency 


2-250 


LT1225 


nppucnnons  infORmimon 


domain  and  in  the  transient  response.  The  photo  of  the 
small  signal  response  with  1000pF  load  shows  50% 
peaking.  The  large  signal  response  with  a  10,000pF  load 
shows  the  output  slew  rate  being  limited  by  the  short 
circuit  current. 

Av  =  -5,  CL  =  1000pF  Av  =  +5,  CL  =  10,000pF 


The  LT1225  can  drive  coaxial  cable  directly,  but  for  best 
pulse  fidelity  the  cable  should  be  doubly  terminated  with 
a  resistor  in  series  with  the  output. 


The  LT1225  has  a  typical  gain  bandwidth  product  of 
150MHz  which  allows  it  to  have  wide  bandwidth  in  high 
gain  configurations  (i.e.,  in  a  gain  of  10  it  will  have  a 
bandwidth  of  about  15MHz).  The  amplifier  is  stable  in  a 
noise  gain  of  5  so  the  ratio  of  the  output  signal  to  the 
inverting  input  must  be  1/5  or  less.  Straightforward  gain 
configurations  of  +5  or  -4  are  stable,  but  there  are  a  few 
configurations  that  allow  the  amplifier  to  be  stable  for 
lower  signal  gains  (the  noise  gain,  however,  remains  5  or 
more).  One  example  is  the  summing  amplifier  shown  in 
the  typical  applications  section  below.  Each  input  signal 
has  a  gain  of-Rp/RiN  to  the  output,  but  it  is  easily  seen  that 
this  configuration  is  equivalent  to  a  gain  of -4  as  far  as  the 
amplifier  is  concerned.  Lag  compensation  can  also  be 
used  to  give  a  low  frequency  gain  less  than  5  with  a  high 
frequency  gain  of  5  or  greater.  The  example  below  has  a 
DC  gain  of  one,  but  an  AC  gain  of  +5.  The  break  frequency 
of  the  RC  combination  across  the  amplifier  inputs  should 
be  approximately  a  factor  of  10  less  than  the  gain  band- 
width of  the  amplifier  divided  by  the  high  frequency  gain 
(in  this  case  1/10  of  150MHz/5  or  3MHz). 


TYPICAL  APPLICATION 

Lag  Compensation 
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Av=+1,f<3MHz 

Wein  Bridge  Oscillator 


Cable  Driving 
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■  Gain  of  25  Stable 

■  1GHz  Gain  Bandwidth 

■  400V/u.s  Slew  Rate 

■  2.6nV/VRz  Input  Noise  Voltage 

■  50V/mV  Minimum  DC  Gain,  RL  =  500Q 

■  1mV  Maximum  Input  Offset  Voltage 

■  ±12V  Minimum  Output  Swing  into  500Q 

■  Wide  Supply  Range +2.5V  to  ±15V 

■  7mA  Supply  Current 

■  100ns  Settling  Time  to  0.1%,  10V  Step 

■  Drives  All  Capacitive  Loads 

nppucnTions 

■  Wideband  Amplifiers 

■  Buffers 

■  Active  Filters 

■  Video  and  RF  Amplification 

■  Cable  Drivers 

■  Data  Acquisition  Systems 


 LT1226 

Low  Noise  Very  High  Speed 
Operational  Amplifier 


D€SCMPTIOn 

The  LT1226  is  a  low  noise,  very  high  speed  operational 
amplifier  with  excellent  DC  performance.  The  LT1226 
features  low  input  offset  voltage  and  high  DC  gain.  The 
circuit  is  a  single  gain  stage  with  outstanding  settling 
characteristics.  The  fast  settling  time  makes  the  circuit  an 
ideal  choice  for  data  acquisition  systems.  The  output  is 
capable  of  driving  a  500Q  load  to  ±1 2V  with  ±1 5V  supplies 
and  a  1 50£2  load  to  ±3V  on  ±5V  supplies.  The  circuit  is  also 
capable  of  driving  large  capacitive  loads  which  makes  it 
useful  in  buffer  or  cable  driver  applications. 

The  LT1226  is  a  member  of  a  family  of  fast,  high  per- 
formance amplifiers  that  employ  Linear  Technology 
Corporation's  advanced  bipolar  complementary 
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Photodiode  Preamplifier,  Av  =  5.1k<  >.  BW  =  15MHz 


Gain  of  +25  Pulse  Response 
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Total  Supply  Voltage  (V+  to  V")  36V 

Differential  Input  Voltage  ±6V 

Input  Voltage  ±V$ 

Output  Short  Circuit  Duration  (Note  1)  Indefinite 

Operating  Temperature  Range 

LT1226C  0°Cto  70°C 

Maximum  Junction  Temperature 

Plastic  Package  150°C 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


ORDER  PART 

TOP  VIEW 
— V-» 

NUMBER 

NULL  LT 
-IN  [T 

+in  LT 

T]  NULL 

II  v* 

T]  OUT 

LT1226CN8 
LT1226CS8 

v-  Lt 

T|  NC 

S8  PART  MARKING 

m  PACKAUt               SB  PAUKAUb 
8-LEAD  PLASTIC  DIP   8-LEAD  PLASTIC  SOIC 
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Vs  =  ±15V,  TA  =  25  C.  VCm  =  OV  unless  otherwise  noted. 


CVMRfll 

PARAMETER 
rHnHIVIC  1  En 

rnwninnwQ 
uunui  1  lUno 

MlfJ               TVP  MAY 
mln                 1  Tr  IV1HA 

UNI  lo 

"OS 



Inniit  nffcat  Vnltono 

input  uiibci  vuitaye 

n  i  in 

v.6  I.U 

mv 

"OS 



IlipUl  UllbCt  UUIIclll 

1 nn  4nn 

I UU  4UU 

nA 

Ib 

Input  Bias  Current 



4  8 

LlA 

er. 

Input  Noise  Voltage 

f  =  10kHz 

2.6 

nV/VHz 

in 

Input  Noise  Current 

f = 10kHz 

1.5 

pAA/Hz 

RlN 

Input  Resistance 

VCM  =  ±12V 
Differential 

24  40 
15 

Ma 
k£i 

C)N 

Input  Capacitance 

2 

PF 

Input  Voltage  Range  + 

12  14 

V 

Input  Voltage  Range  - 

-13  -12 

V 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  ±12V 

94  103 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±5V  to  ±1 5V 

94  110 

dB 

Avol 

Large  Signal  Voltage  Gain 

VOUT  =  ±10V,  RL  =  500n 

50  150 

V/mV 

VoUT 

Output  Swing 

RL  =  500S2 

12.0  13.3 

+V 

l0UT 

Output  Current 

V0UT  =  ±12V 

24  40 

mA 

SR 

Slew  Rate 

(Note  3) 

250  400 

V/|js 

Full  Power  Bandwidth 

10V  Peak,  (Note  4) 

6.4 

MHz 

GBW 

Gain  Bandwidth 

f  =  1MHz 

1 

GHz 

Ut 

Rise  Time,  Fall  Time 

AVCL  =  +25,10%  to  90%,  0.1V 

5.5 

ns 

Overshoot 

AVCL  =  +25,  0.1V 

35 

% 

Propagation  Delay 

50%  V|N  to  50%  Vout 

5.5 

ns 

ts 

Settling  Time 

10V  Step,  0.1%,  Av  =  -25 

100 

ns 

Differential  Gain 

f  =  3.58MHz,  Ay  =  +25,  RL  =  150Q 

0.7 

% 

Differential  Phase 

f  =  3.58MHz,  Av  = +25,  RL  =  150Q 

0.6 

Deg 

Ro 

Output  Resistance 

AVCL  =  +25,f  =  1MHz 

3.1 

n 

Is 

Supply  Current 

7  9 

mA 
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SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

(Note  i) 

1.0 

1.4 

ml/ 

illy 

los 

Input  Offset  Current 

100 

400 

nA 

la 

Input  Bias  Current 

4  8 

HA 

Input  Voltage  Range  + 

2.5 

4 

u 
V 

Input  Voltage  Range  - 

-3 

-2.5 

If 
V 

CMRR 

Common-Mode  Rejection  Ratio 

Vcm  =  ±2.5V 

94 

103 

AD 

Avol 

Large  Signal  Voltage  Gain 

Vout  =  ±2.5V,  Rl  =  500Q 
V0jT  =  ±2.5V,  RL  =  150Q 

50 

100 

75 

V/mV 
V/mV 

vOUT 

Output  Voltage 

Rl  =  500X2 
RL  =  150f2 

3.0 
3.0 

3.7 
3.3 

+V 

±v 

l0UT 

Output  Current 

V0UT  =  ±3V 

20 

40 

mA 

SR 

Slew  Rate 

(Note  3) 

250 

V/ns 

Full  Power  Bandwidth 

3V  Peak,  (Note  4) 

13.3 

MHz 

GBW 

Gain  Bandwidth 

f  =  1MHz 

700 

MHz 

tr.tf 

Rise  Time,  Fall  Time 

AVcl  =  +25, 10%  to  90%,  0.1V 

8 

ns 

Overshoot 

AVCL  =  +25,0.1V 

25 

% 

Propagation  Delay 

50%  V|N  to  50%  Vout 

8 

ns 

is 

Settling  Time 

-2.5V  to  2.5V,  0.1%,  Av  =  -24 

60 

ns 

Is 

Supply  Current 

7 

9 

mA 

€l€CTMCni  CHRRRCTCRISTICS  o  c<ta<  70  C.  Vcm  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

VS  =  ±15V,  (Note  2) 
Vs  =  ±  5V,  (Note  2) 

0.3 
1.0 

1.3 
1.8 

mV 
mV 

Input  Vos  Drift 

6 

u.V/°C 

los 

Input  Offset  Current 

VS  =  ±15V  and  VS  =  ±5V 

100 

600 

nA 

lB 

Input  Bias  Current 

VS  =  ±15V  andVs  =  ±5V 

4 

9 

uA 

CMRR 

Common-Mode  Rejection  Ratio 

Vs  =  ±15V,  VCM  =  ±12V  and  Vs  =  ±5V,  VCM  =  ±2.5V 

92  103 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±5Vto+15V 

92 

110 

dB 

Large  Signal  Voltage  Gain 

Vs  =  +1 5V,  VOUT  =  ±10V,  RL  =  500fi 
VS  =  ±5V,  V0UT  =  ±2.5V,  RL  =  500£2 

35 
35 

150 
100 

V/mV 
V/mV 

Vout 

Output  Swing 

VS  =  ±15V,  RL  =  500S2 

VS  =  ±5V,  RL  =  500£2  or150n 

12.0 
3.0 

13.3 
3.3 

±V 

±v 

Iout 

Output  Current 

Vs  =  ±1 5V,  V0UT  =  ±12V 
VS  =  ±5V,V0UT  =  ±3V 

24 
20 

40 
40 

mA 
mA 

SR 

Slew  Rate 

VS  =  +15V,  (Note  3) 

250 

400 

V/us 

Is 

Supply  Current 

VS  =  ±15V  andVs  =  ±5V 

7 

10.5 

mA 

Note  1:  A  heat  sink  may  be  required  to  keep  the  junction  temperature  Note  3:  Slew  rate  is  measured  between  ±10V  on  an  output  swing  of  +12V 

below  absolute  maximum  when  the  output  is  shorted  indefinitely.  on  +1 5V  supplies,  and  ±2V  on  an  output  swing  of  +3.5V  on  ±5V  supplies. 

Note  2:  Input  offset  voltage  is  tested  with  automated  test  equipment  Note  4:  Full  power  bandwidth  is  calculated  from  the  slew  rate 

in  <1  second.  measurement:  FPBW  =  SR/2nVp. 
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Input  Common  Mode  Range  vs 
Supply  Voltage 


I  5 


Tfl  =  25 
AV0S< 

c 

ImV 

5  10  15 

SUPPLY  VOLTAGE  (±V) 


Supply  Current  vs  Supply  Voltage 


TA  =  25 

C 

5  10  15  20 

SUPPLY  VOLTAGE  (±V) 


Output  Voltage  Swing  vs 
Supply  Voltage 


TA=25 
RL  =  50 
AV0S  = 

C 

30mV 

0  5  10  15 

SUPPLY  VOLTAGE  (±V) 


Output  Voltage  Swing  vs 
Resistive  Load 


10  100  1k 

LOAD  RESISTANCE  (12) 


Input  Bias  Current  vs  Input 
Common  Mode  Voltage 


1.  4.5 


30 


VS  =  ±15V 
TA  =  25°C 
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Open  Loop  Gain  vs 
Resistive  Load 


10  100  1k 

LOAD  RESISTANCE  (£i) 


Supply  Current  vs  Temperature 
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Input  Bias  Current  vs  Temperature 
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Output  Short  Circuit  Current  vs 
Temperature 
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Input  Noise  Spectral  Density 


Power  Supply  Rejection  Ratio  vs 
Frequency 


100  1k  10k 

FREQUENCY  (Hz) 


VS  =  ±15V 
Ta  =  25°C 
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Common  Mode  Rejection  Ratio  vs 
Frequency 


Ta 

=  ±15V 
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Voltage  Gain  and  Phase  vs 
Frequency 


I 

vs 

=  ±5^ 

V  VI 

5°C 
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FREQUENCY  (Hz) 


Output  Swing  vs  Settling  Time 


Frequency  Response  vs 
Capacitive  Load 


20      40       60      80      100  120 
SETTLING  TIME  (ns) 

LTC1226  TPC1 4 


Closed  Loop  Output  Impedance  vs 
Frequency 


Vs=±15\ 
TA  =  25°C 
Ay  =+25 
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Gain  Bandwidth  vs  Temperature 
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Slew  Rate  vs  Temperature 


500 
450 
400 
350 
300 
250 


VS  = 
AV  = 

±15V 
-25 

-SR 

tSR 

-50   -25      0      25     50      75     100  125 
TEMPERATURE  (-C) 

LTI22B  TPC1B 


2-257 


LT1226 


nppucOTions  inFORmnTion 

The  LT1 226  may  be  inserted  directly  into  HA2541 ,  HA2544, 
AD847,  EL2020  and  LM6361  applications,  provided  that 
the  amplifier  configuration  is  a  noise  gain  of  25  or  greater, 
and  the  nulling  circuitry  is  removed.  The  suggested  nulling 
circuit  for  the  LT1 226  is  shown  below. 


Offset  Nulling 

v* 


Layout  and 


As  with  any  high  speed  operational  amplifier,  care  must  be 
taken  in  board  layout  in  order  to  obtain  maximum  perfor- 
mance. Key  layout  issues  include:  use  of  a  ground  plane, 
minimization  of  stray  capacitance  at  the  input  pins,  short 
lead  lengths,  RF-quality  bypass  capacitors  located  close 
to  the  device  (typically  0.01  u.F  to  0.1  (xF),  and  use  of  low 
ESR  bypass  capacitors  for  high  drive  current  applications 
(typically  IjuF  to  10|iF  tantalum).  Sockets  should  be 
avoided  when  maximum  frequency  performance  is 
required,  although  low  profile  sockets  can  provide 
reasonable  performance  up  to  50MHz.  For  more  details 
see  Design  Note  50.  Feedback  resistors  greater  than  5kD 
are  not  recommended  because  a  pole  is  formed  with  the 
input  capacitance  which  can  cause  peaking.  If  feedback 
resistors  greater  than  5kQ  are  used,  a  parallel 
capacitor  of  5pF  to  1 0pF  should  be  used  to  cancel  the  input 
pole  and  optimize  dynamic  performance. 

Transient  Response 

The  LT1226  gain  bandwidth  is  1GHz  when  measured  at 
1MHz.  The  actual  frequency  response  in  a  gain  of  +25  is 
considerably  higherthan40MHzdueto  peaking  caused  by 
a  second  pole  beyond  the  gain  of  25  crossover  point.  This 
is  reflected  in  the  small  signal  transient  response.  Higher 
noise  gain  configurations  exhibit  less  overshoot  as  seen  in 
the  inverting  gain  of  25  response. 


Small  Signal,  Av  =  +25  Small  Signal,  Av  =  -25 


LT1226A10S 


The  large  signal  response  in  both  inverting  and  noninverting 
gain  shows  symmetrical  slewing  characteristics.  Nor- 
mally the  noninverting  response  has  a  much  faster  rising 
edge  due  to  the  rapid  change  in  input  common  mode 
voltage  which  affects  the  tail  current  of  the  input  differen- 
tial pair.  Slew  enhancement  circuitry  has  been  added  to  the 
LT1 226  so  that  the  falling  edge  slew  rate  is  enhanced  which 
balances  the  noninverting  slew  rate  response. 


Large  Signal,  Av  =  +25  Large  Signal,  Ay  =  -25 


LT1226MJ3 

Input  Considerations 


Resistors  in  series  with  the  inputs  are  recommended  for 
the  LT1226  in  applications  where  the  differential  input 
voltage  exceeds  ±6V  continuously  or  on  a  transient  basis. 
An  example  would  be  in  noninverting  configurations  with 
high  input  slew  rates  or  when  driving  heavy  capacitive 
loads.  The  use  of  balanced  source  resistance  at  each  input 
is  recommended  for  applications  where  DC  accuracy  must 
be  maximized. 

Capacitive  Loading 

The  LT1226  is  stable  with  all  capacitive  loads.  This  is 
accomplished  by  sensing  the  load  induced  output  poleand 
adding  compensation  at  the  amplifier  gain  node.  As  the 
capacitive  load  increases,  both  the  bandwidth  and  phase 
margin  decrease  so  there  will  be  peaking  in  the  frequency 
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domain  and  in  the  transient  response.  The  photo  of  the  small 
signal  response  with  1 0OOpF  load  shows  55%  peaking.  The 
large  signal  response  with  a  1 0.OOOpF  load  shows  the  output 
slew  rate  being  limited  by  the  short  circuit  current. 


10.000pF 


The  LT1226  can  drive  coaxial  cable  directly,  but  for  best 
pulse  fidelity  the  cable  should  be  doubly  terminated  with 
a  resistor  in  series  with  the  output. 

Compensation 

The  LT1 226  has  a  typical  gain  bandwidth  product  of  1  GHz 
which  allows  it  to  have  wide  bandwidth  in  high  gain 


configurations  (i.e.,  in  a  gain  of  1000  it  will  have  a 
bandwidth  of  about  1MHz).  The  amplifier  is  stable  in  a 
noise  gain  of  25  so  the  ratio  of  the  output  signal  to  the 
inverting  input  must  be  1/25  or  less.  Straightforward  gain 
configurations  of +25  or-24  are  stable,  but  there  are  afew 
configurations  that  allow  the  amplifier  to  be  stable  for 
lower  signal  gains  (the  noise  gain,  however,  remains  25  or 
more).  One  example  is  the  inverting  amplifier  shown  in  the 
typical  applications  sections  below.  The  input  signal  has  a 
gain  of  -Rf/Rin  to  the  output,  but  it  is  easily  seen  that  this 
configuration  is  equivalent  to  a  gain  of  -24  as  far  as  the 
amplifier  is  concerned.  Lag  compensation  can  also  be 
used  to  give  a  low  frequency  gain  less  than  25  with  a  high 
frequency  gain  of  25  or  greater.  The  example  below  has  a 
DC  gain  of  6,  but  an  AC  gain  of  +31 .  The  break  frequency 
of  the  RC  combination  across  the  amplifier  inputs  should 
be  at  least  a  factor  of  1 0  less  than  the  gain  bandwidth  of  the 
amplifier  divided  by  the  high  frequency  gain  (in  this  case 
1/10  of  1  GHz/31  or3MHz). 


TVPicni  flppLicnuons 

Lag  Compensation 


VOUT 


Av  =  +6,  f  <  2MHz 


Compensation  for  Lower  Closed-Loop  Gains 


ViN-VWr 


_wv- 


Rin  f\ 

LT1226  J>  1  '  


Av  =  -5£j;RF2  24x(RINIIRc) 


-VoUT 


V|N  T^V. 


Cable  Driving 


-flZD— T  VOUT 

>75£! 


R2 
50£i 


Vos  Null  Loop 


Av  =  1001  mi*™ 
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F€HTUR€S 

■  Very  Fast  Transconductance  Amplifier 

-  75MHz  Bandwidth 
-gm  =  10xlSET 

-  Low  THD,  0.2%  @  30mVRivis  Input 

-  Wide  Iset  Range,  1  u.A  to  1  mA 

■  Very  Fast  Current  Feedback  Amplifier 
-100MHz  Bandwidth 
-1000V/u.sSlew  Rate 

-  30mA  Output  Drive  Current 

-  0.04%  Differential  Gain 
-0.1°  Differential  Phase 

-  High  Input  Impedance,  25M£2, 6pF 

■  Wide  Supply  Range,  ±2V  to  ±1 5V 

■  Inputs  Common  Mode  to  Within  1 .5V  of  Supplies 

■  Outputs  Swing  Within  0.8V  of  Supplies 

■  7mA  Supply  Current 

nppucmions 

■  Video  DC  Restore  (Clamp)  Circuits 

■  Video  Differential  Input  Amplifiers 

■  Video  Keyer/Fader  Amplifiers 

■  AGC  Amplifiers 

■  Tunable  Filters 

■  Oscillators 


 LT1228 

lOOMHz  Current  Feedback 
Amplifier  with  DC  Gain  Control 

DCSCMPTIOn 

The  LT1 228  makes  it  easy  to  electronically  control  the  gain 
of  signals  from  DC  to  video  frequencies.  The  LT1 228  imple- 
ments gain  control  with  a  transconductance  amplifier  (volt- 
age to  current)  whose  gain  is  proportional  to  an  externally 
controlled  current.  A  resistor  is  typically  used  to  convert  the 
output  current  to  a  voltage,  which  is  then  amplified  with  a 
current  feedback  amplifier.  The  LT1228  combines  both 
amplifiers  into  an  8-pin  package,  and  operates  on  any  supply 
voltage  from  4V  (±2V)  to  30V  (±1 5V).  A  complete  differential 
input,  gain  controlled  amplifier  can  be  implemented  with  the 
LT1 228  and  just  a  few  resistors. 

The  LT1228  transconductance  amplifier  has  a  high  imped- 
ance differential  input  and  a  current  source  output  with  wide 
outputvoltagecompliance.Thetransconductance,gm,isset 
by  the  current  that  flows  into  pin  5,  Iset-  The  small  signal  gm 
is  equal  to  ten  times  the  value  of  Iset  and  this  relationship 
holds  over  several  decades  of  set  current.  The  voltage  at  pin 
5  is  two  diode  drops  above  the  negative  supply,  pin  4. 

The  LT1228  current  feedback  amplifier  has  very  high  input 
impedance  and  therefore  it  is  an  excellent  buffer  for  the 
output  of  the  transconductance  amplifier.  The  current  feed- 
back amplifier  maintains  its  wide  bandwidth  over  a  wide 
range  of  voltage  gains  making  it  easy  to  interface  the 
transconductance  amplifier  output  to  other  circuitry.  The 
current  feedback  amplifier  is  designed  to  drive  low  imped- 
ance loads,  such  as  cables,  with  excellent  linearity  at  high 
frequencies. 


TVPicm  nppucOTion 


Differential  Input  Variable  Gain  Amp 


Frequency  Response 


HIGH  INPUT  RESISTANCE 
EVEN  WHEN  POWER  IS  OFF 
18dB  <  GAIN  <  2dB 


1M  10M 
FREQUENCY  (Hz) 
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Supply  Voltage  ±18V 

Input  Current,  Pins  1 ,  2,  3, 5,  &  8  ±15mA 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Temperature  Range 

LT1228C  0°C  to  70°C 

LT1228M  -55°C  to125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Junction  Temperature 

Plastic  Package  150°C 

Ceramic  Package  175°C 


TOP  VIEW 

ORDER  PART 
NUMBER 

'OUT  LI 
-IN  [7 
♦IN  [7 

v-  [7 

T|  GAIN 

LT1228MJ8 
LT1228CJ8 
LT1228CN8 
LT1228CS8 

TJ  v 

H  VouT 
H  'SET 

J8  PACKAGE              N8  PACKAGE 
8-LEAD  CERAMIC  DIP     8-LEAD  PLASTIC  DIP 

S8  PART  MARKING 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

LT122B-POI01 

1228 

€l€CTRICfll  CHRRRCTCRISTICS  Current  Feedback  Amplifier 

Pins  1 ,  6,  &  8.  +5V  <  Vs  <  +15V,  ISet  =  nnA,  VCm  =  OV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

TA  =  25°C 

# 

±3  ±10 
±15 

mV 
mV 

Input  Offset  Voltage  Drift 

10 

nw°c 

l|N+ 

Non-Inverting  Input  Current 

TA  =  25°C 

* 

±0.3  ±3 
±10 

HA 
HA 

l|N- 

Inverting  Input  Current 

TA  =  25°C 

±10  ±65 
±100 

u.A 
HA 

en 

Input  Noise  Voltage  Density 

f  =  1  kHz,  RF  =  1  kn,  RG  =  1  on,  Rs  =  on 

6 

nV/VHz 

in 

Input  Noise  Current  Density 

f  =  1  kHz,  RF  =  1  kn,  RG  =  1  on,  Rs  =  1 0kn 

1.4 

pA/VHz 

R|(J 

Input  Resistance 

V|N  =  ±13V,  Vs  =  ±1 5V 
Vim  =  +3V,  VS  =  ±5V 

2  25 
2  25 

Mn 
Mn 

C|N 

Input  Capacitance  (Note  2) 

VS  =  ±5V 

6 

PF 

Input  Voltage  Range 

VS  =  ±15V,TA  =  25°C 
VS  =  ±5V,TA  =  25°C 

±13  ±13.5 
±12 

±3  ±35 
±2 

V 
V 
V 
V 

CMRR 

Common  Mode  Rejection  Ratio 

Vs  =  ±1 5V,  Vcm  =  ±13V,Ta  =  25°C 
VS-±15V,VCM  =  ±12V 
VS  =  ±5V,  VCM  =  ±3V,TA  =  25X 
Vs  =  ±5V.VCM  =  ±2V 

55  69 
55 

55  69 
55 

dB 
dB 
dB 
dB 

Inverting  Input  Current 
Common  Mode  Rejection 

VS  =  ±15V,  VCM  =  ±13V,  TA  =  25°C 
VS  =  ±15V,  VCM  =  ±12V 
VS  =  ±5V,  VCM  =  ±3V,TA  =  25°C 
VS  =  ±5V,VCM  =  ±2V 

2.5  10 
10 

2.5  10 
10 

uA/V 
U.A/V 
\iAN 
HA/V 

PSRR 

Power  Supply  Rejection  Ratio 

VS  =  ±2V  to±15V,TA=25°C 
VS  =  ±3V  to  ±1 5V 

60  80 
60 

dB 
dB 

Non-Inverting  Input  Current 
Power  Supply  Rejection 

Vs  =  +2Vto±15V,TA=25°C 
Vs  =  ±3V  to  ±1 5V 

10  50 
50 

nA/V 
nA/V 

Inverting  Input  Current 
Power  Supply  Rejection 

Vs  =  ±2Vto±15V,TA  =  25°C 
Vs  =  ±3Vto±15V 

0.1  5 
5 

HAA/ 
nAA/ 
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€L€CTRICRl  CHARACTERISTICS  Current  Feedback  Amplifier 

Pins  1 ,  6,  &  8.  ±5V  <  Vs  < ±15V,  ISet  =  OuA  VCm  =  OV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

■  ■111          TVD  MAV 

WIN       llr  MAX 

IIUITC 

UNI  lb 

Av 

Large  Signal  Voltage  Gain 

vs  =  ±15V,vout  =  ±iov,  Rload  =  1k" 

VS  -  — ov-  vOUT  -  — <-v-  "LOAD  -  '  J»J" 

• 

55  65 
55  65 

dB 
dB 

Rni 
nUL 

Transresistance,  AVqut^'in- 

W.-4-1M/  \/nMT-+mV    Riniin-  1kO 
M$  -  XIOV,  VQUT  -  ^IUV,  n|_OAD  ~ 

VS  =  ±5V,  V0UT  =  ±2V,  RLOAD  =  150Q 

• 

100  200 
100  200 

kn 
kn 

VOUT 

Maximum  Output  Voltage  Swing 

VS  =  ±15V,  RLoad  =  400Q,  Ta  =  25°C 
VS  =  ±5V,  RLOAD  =  150Q,TA=25°C 

• 

• 

±12  ±13.5 
±10 

±3  ±3.7 
±2.5 

V 
V 
V 

v 

'out 

Maximum  Diitnnt  Rurrpnt 

IVIUAI  I  II  U  II  I  ULHLfLH  UUI  ICIll 

"LOAD  =  OQ,  I A  =  2b  C 

• 

30        65  125 
25  125 

mA 
mA 

Is 

Supply  Current 

VOUT=0V,  IsET  =  0V 

• 

6  11 

mA 

SR 

Slew  Rate  (Notes  3  and  5) 

TA=25°C 

300  500 

V/ns 

SR 

Slew  Rate 

Vs  =  ±15V,  RF  =  750O,  RG=  7500,  RL  =  400£i 

3500 

V/u.s 

t, 

Rise  Time  (Motes  4  and  5) 

TA=25°C 

10  20 

ns 

BW 

Small  Signal  Bandwidth 

Vs  =  ±15V,  Rp  =  750Q,  RG=  750f2,  RL  =  100S1 

100 

MHz 

tr 

Small  Signal  Rise  Time 

Vs  =  +15V,  RF  =  75012,  RG=  75012,  RL  =  1001! 

3.5 

ns 

Propagation  Delay 

Vs  =  ±15V,  RF  =  75012,  RG=  75012,  R[_  =  100Q 

3.5 

ns 

Small  Signal  Overshoot 

Vs  =  ±15V,  RF  =  750Q,  RG=  75011,  RL  =  10012 

15 

% 

ts 

Settling  Time 

0.1%,  V0Ut=  10V,  RF=1k£l,  RG=  1ka,  RL  =1kQ 

45 

ns 

Differential  Gain  (Note  6) 

Vs  =  ±1 5V,  RF  =  75012,  RG=  75012,  RL  =  1  k!2 

0.01 

% 

Differential  Phase  (Note  6) 

Vs  =  ±1 5V,  RF  =  75012,  RG=  75012,  RL  =  1  k!2 

0.01 

Deg. 

Differential  Gain  (Note  6)                  |  Vs  =  ±1 5V,  RF  =  750Q,  RG=  75012,  RL  =  1 50Q 

0.04 

% 

Differential  Phase  (Note  6)                 ]   Vs  =  ±1 5V,  RF  =  750Q,  RG=  75012,  RL  =  1 50Q 

0.1 

Deg. 

€l€CTRICni  CHARACTERISTICS  Transconductance  Amplifier 
Pins  1 ,  2,  3,  &  5.  ±5V  <  Vs  <  ±15V,  ISEt  =  100u.A,  VCM  =  0V  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

lSFj  =  1mA,TA=25°C 

0.5  5 
10 

mV 
mV 

Input  Offset  Voltage  Drift 

10 

pV/°C 

I  OS 

Input  Offset  Current 

TA  =  25°C 

40  200 
500 

nA 
nA 

Ib 

Input  Bias  Current 

TA=25°C 

0.4  1 
5 

pA 
HA 

en 

Input  Noise  Voltage  Density 

f  =  1  kHz 

20 

nV/VHz 

R|N 

Input  Resistance-Differential  Mode 

V|N  =  ±30mV 

30  200 

kn 

Input  Resistance-Common  Mode 

VS  =  ±15V,  VCM  =  ±12V 
VS  =  ±5V,VCM  =  ±2V 

50  1000 
50  1000 

MQ 

Mn 

C|N 

Input  Capacitance 

3 

PF 

Input  Voltage  Range 

VS  =  ±15V,TA  =  25°C 
VS  =  ±15V 
VS  =  ±5V,TA  =  25°C 
VS  =  ±5V 

±13  ±14 
±12 

±3  ±4 
±2 

V 
V 

V 
V 
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€L€CTRICnL  CHflRnCT€RISTICS  Transconductance  Amplifier 

Pins  1 ,  2,  3,  &  5.  +5V  <  Vs  <  ±15V,  ISEt  =  100u.A,  VCM  =  OV  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

CMRR 

Common  Mode  Rejection  Ratio 

VS  =  ±15V,  VCM  =  ±13V,TA=25°C 
VS  =  ±15V,  VCM  =  ±12V 
Vs  =  ±5V,VCM  =  ±3V,Tn  =  25°C 
Vs  =  +5V,  VCM  =  ±2V 

* 
* 

60  100 
60 

DU         I UU 
60 

dB 
dB 

HP 
UD 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±2Vto±15V,TA  =  25°C 
Vc  =  +3V  to  +1 5V 

cn  inn 
bU  1UU 

60 

db 
dB 

9m 

Transconductance 

krr  =  100uA  InriT  =  ±30uA  Ta  =  25°C 

0.75      1.00  1.25 

nA/mV 

Transconductance  Drift 

-0.33 

%/°C 

Maximum  Output  Current 

- 

70       100  130 

M-A 

Iql 

Output  Leakage  Current 

krr  =  OuA  (+liw  of  CFA)  Ta  =  25°C 

0.3  3 
10 

uA 
HA 

VoUT 

Maximum  Output  Voltage  Swing 

Vs  =  ±1 5V  ,  R1  =  oo 

±13  ±14 
+3  ±4 

V 
V 

Ro 

Output  Resistance 

VS  =  ±15V,  V0UT  =  ±13V 
VS  =  ±5V,  V0UT  =  ±3V 

2  8 
2  8 

MSI 
MQ 

Output  Capacitance  (Note  2) 

VS  =  ±5V 

6 

PF 

Is 

Supply  Current,  Both  Amps 

Iset  =  1  mA 

• 

9  15 

mA 

THD 

Total  Harmonic  Distortion 

V|N  =  3umVRMsat1kHz,  R1  =100kn 

0.2 

% 

BW 

Small  Signal  Bandwidth 

R1  =50n.  ISEt  =  500uA 

80 

MHz 

tr 

Small  Signal  Rise  Time 

R1  =  50U.  lSET  =  500uA.  10°o-90% 

5 

ns 

Propagation  Delay 

R1  =  50fl.  ISET  =  500nA.  50%-50% 

5 

ns 

The  •  denotes  specifications  which  apply  over  the  operating  temperature  Note  4:  Rise  time  is  measured  from  1 0%  to  90%  on  a  ±500mV  output 

range.  signal  while  operating  on  ±1 5V  supplies  with  RF  =  1  kn,  RG  =  1 1 0n  and 

Note  1 :  A  heatsink  may  be  required  depending  on  the  power  supply  R|_  =  1 00Q.  This  condition  is  not  the  fastest  possible,  however,  it  does 

voltage.  guarantee  the  internal  capacitances  are  correct  and  it  makes  automatic 

Note  2:  This  is  the  total  capacitance  at  pin  1 .  It  includes  the  input  testin9  Practical. 

capacitance  of  the  current  feedback  amplifier  and  the  output  capacitance  Note  5:  AC  parameters  are  1 00%  tested  on  the  ceramic  and  plastic  DIP 

of  the  transconductance  amplifier.  packaged  parts  (J  and  N  suffix)  and  are  sample  tested  on  every  lot  of  the 

Note  3:  Slew  rate  is  measured  at  ±5V  on  a  ±1 0V  output  signal  while  so  Packa9ed  Parts  <s  suf,ix>- 

operating  on  ±1 5V  supplies  with  RF  =  1  k£2,  Rq  =  11 0£2  and  RL  =  400S2.  Note  6:  NTSC  composite  video  with  an  output  level  of  2V. 

The  slew  rate  is  much  higher  when  the  input  is  overdriven,  see  the 

applications  section. 
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TYPICAL  P€RFORmnnC€  CHRRfiCTCRISTICS  Transconductance  Amplifier.  Pins  1,2.34  5 


Small  Signal  Bandwidth  vs 
Set  Current 


0.1 


Small  Signal  Transconductance 
and  Set  Current  vs  Bias  Voltage 


-R1  =  100S}-=s 

R1  = 

R1  =  10K2 

R1  - 

nn 

o 

I 

100 

SET  CURRENT  (pA) 


Small  Signal  Transconductance 
vs  DC  Input  Voltage 


V5  =  ±2VT0*15V 

'SEI 

=  10 

l-55°C 

t 

v\25 

C 

f 

VI25°C 

A 

BIAS  VOLTAGE,  PIN  5  TO  4,  (V) 

LTt2M-TPC02 


200  -150  -100  -50    0     50    100  150  200 
INPUT  VOLTAGE  (mVDC) 


Total  Harmonic  Distortion  vs 
Input  Voltage 


10  100 
INPUT  VOLTAGE  (mVp-p) 


Spot  Output  Noise  Current  vs 
Frequency 


—  Vs  =  ±2VTOi15V 

>5°C 

SET 

*• — 

1mA 

SET  = 

100m 

LTtZM  "  TPCO* 


100  1k  10k 

FREQUENCY  (Hz) 


V* 

-0.5 

-1.0 

> 

-1.5 

-2.0 

□ 

o 

s 

♦2.0 

O 

E 

♦1.5 

o 

o 

♦1.0 

♦0.5 

v- 

Input  Common  Mode  Limit  vs 
Temperature 


v«= 

♦2VTC 

+15V 



v-  = 

-2VTC 

-15V 

LT122S.TPC05 


0  25  50  75  100  125 
TEMPERATURE  (°C) 
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typical  p€RFORmnnc€  charactcristics 


1.6&  8 


Voltage  Gain  and  Phase  vs 
Frequency,  Gain  =  6dB 


-3dB  Bandwidth  vs  Supply 
Voltage,  Gain  =  2,  RL  =  10012 
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-3dB  Bandwidth  vs  Supply 
Voltage,  Gain  =  2,  RL  =  1kl2 
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Voltage  Gain  and  Phase  vs 
Frequency,  Gain  =  20dB 
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-3dB  Bandwidth  vs  Supply 
Voltage,  Gain  =  i0,  RL  =  10012 
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Maximum  Capacitive  Load  vs 
Feedback  Resistor 


Total  Harmonic  Distortion  vs 
Frequency 


FEEDBACK  RESISTOR  (kQ) 

LI1228.IPC19 


100  1k  10k 

FREQUENCY  (Hz) 


2nd  and  3rd  Harmonic 
Distortion  vs  Frequency 


LT1?2fl.TPC20 


1  10 

FREQUENCY  (MHz) 


VS  =  ±15V 
—  V0  =  2Vp- 
RL=100S1 
RF  =  750S! 

"V- 

-2n 

a 

r 

V* 
-0.5 
£-1.0 
S-15 
1-2.0 

LU 

Q 
O 

s  +2.0 
o 

1+1.5 
o 

"♦1.0 

♦0.5 

v- 


Input  Common  Mode  Limit  vs 
Temperature 


I 

V* 

=  +2Vl 

0+15 

1 

v- 

=  -2V 

0-15 

/ 

-50  -25      0      25     50      75     100  125 
TEMPERATURE  (°C) 


Output  Saturation  Voltage  vs 
Temperature 


RL  =  . 

15V 

±2V< 

LTI226  ■  TPC22 


50  -25      0      25     50      75     100  125 
TEMPERATURE  CO 


Output  Short  Circuit  Current  vs 
Temperature 

n — r 


Liima-  tpcz3 


-50  -25    0    25    50    75  100  125  150  175 
TEMPERATURE  (°C) 


LTI22B  •  TPC24 


Spot  Noise  Voltage  and  Current  vs  Power  Supply  Rejection  vs  Output  Impedance  vs 

Frequency  Frequency  Frequency 


FREQUENCY  (Hz)  FREQUENCY  (Hz)  FREQUENCY  (Hz) 

LT1228  ■  TPC2S  LT1W8  •  TPC26  LT12M  •  TPC27 


2-267 


LT1228 


TVPICfiL  P€RFORf1innC€  CHARACTERISTICS  Current  Feedback  Amplifier,  Pins  1 ,  6  &  8 

Supply  Current  vs  Supply  Voltage 


Settling  Time  to  10mV  vs 
Output  Step 


Settling  TimetolmVvs 
Output  Step 


1  1 

MflM  IMI/CDTIMn 

1  MWCDTIMP 

f 

vs 

=  ±1 

=  R 

5V 

•  =  1 

Rf 

NUIM-IIWth  1  m\j 

1  1 

IIVIVtH  1  ll\lb 

V  i 

0  20         40        60        80  100 

SETTLING  TIME  (ns) 


II 

ninKLiMWCDTinif: 

/ 

INVEF 

TIN 

=  ± 

5V 

(Si 

=  RG  =  1 

VEP 

TINC 

Mr 

VCD 

I   I  I 

0  4  8         12  16 

SETTLING  TIME  (ps) 


LT122B-TPC2S 


LT122B-TPC29 


2     4     6     8    10    12    14    16  18 
SUPPLY  VOLTAGE  (±V) 


simPLiFicD  scHcmmic 


2-268 


rrivm. 

.^^mf  TECHNOLOGY 


LT1228 


nppucOTions  inFORmnnon 


The  LT1228  contains  two  amplifiers,  a  transconductance 
amplifier  (voltage  to  current)  and  a  current  feedback 
amplifier  (voltage  to  voltage).  The  gain  of  the 
transconductance  amplifier  is  proportional  to  the  current 
that  is  externally  programmed  into  pin  5.  Both  amplifiers 
are  designed  to  operate  on  almost  any  available  supply 
voltage  from  4V  (±2V)  to  30V  (±15V).  The  output  of  the 
transconductance  amplifier  is  connected  to  the  non-in- 
verting input  of  the  current  feedback  amplifier  so  that  both 
fit  into  an  eight  pin  package. 

TRANSCONDUCTANCE  AMPLIFIER 

The  LT1 228  transconductance  amplifier  has  a  high  imped- 
ance differential  input  (pins  2  and  3)  and  a  current  source 
output  (pin  1)  with  wide  output  voltage  compliance.  The 
voltage  to  current  gain  or  transconductance  (gm)  is  set  by 
the  current  that  flows  into  pin  5,  Iset-  The  voltage  at  pin  5 
is  two  forward  biased  diode  drops  above  the  negative 
supply,  pin  4.  Therefore  the  voltage  at  pin  5  (with  respect 
to  V-)  is  about  1 .2V  and  changes  with  the  log  of  the  set 
current  (120mV/decade),  see  the  characteristic  curves. 
The  temperature  coefficient  of  this  voltage  is  about  -4mW 
°C  (-3300ppm/°C)  and  the  temperature  coefficient  of  the 
logging  characteristic  is  +3300ppm/°C.  It  is  important  that 
the  current  into  pin  5  be  limited  to  less  than  15mA.  THE 
LT1228  WILL  BE  DESTROYED  IF  PIN  5  IS  SHORTED  TO 
GROUND  OR  TO  THE  POSITIVE  SUPPLY.  A  limiting  resis- 
tor (2k£2  or  so)  should  be  used  to  prevent  more  than  1 5mA 
from  flowing  into  pin  5. 

The  small  signal  transconductance  (gm)  is  equal  to  ten 
times  the  value  of  Iset  (in  mA/mV)  and  this  relationship 
holds  over  many  decades  of  set  current  (see  the  character- 
istic curves).  The  transconductance  is  inversely  propor- 
tional to  absolute  temperature  (-3300ppm/°C).  The  input 
stage  of  the  transconductance  amplifier  has  been  de- 
signed to  operate  with  much  larger  signals  than  is  possible 
with  an  ordinary  diff-amp.  The  transconductance  of  the 
input  stage  varies  much  less  than  1  %  for  differential  input 
signals  over  a  ±30  mV  range  (see  the  characteristic  curve 
Small  Signal  Transconductance  vs  DC  Input  Voltage). 


Resistance  Controlled  Gain 

If  the  set  current  is  to  be  set  or  varied  with  a  resistor  or 
potentiometer  it  is  possible  to  use  the  negative  tempera- 
ture coefficient  at  pin  5  (with  respect  to  pin  4)  to  compen- 
sate for  the  negative  temperature  coefficient  of  the 
transconductance.  The  easiest  way  is  to  use  an  LT1004- 
2.5,  a  2.5V  reference  diode,  as  shown  below: 

Temperature  Compensation  ol  gm  with  a  2.5V  Reference 


The  current  flowing  into  pin  5  has  a  positive  temperature 
coefficient  that  cancels  the  negative  coefficient  of  the 
transconductance.  The  following  derivation  shows  why  a 
2.5V  reference  results  in  zero  gain  change  with  tempera- 
ture: 


Sincegm  =  ix||L  =  10xlSET 


akT 

and  Vbe  =  EQ  —  —  where  a  =  In 
q 


fcTfl 
Ic 


=  19.4at27°C 


(c  =  0.001,n  =  3,lc  =  100nA) 
Eg  is  about  1 .25V  so  the  2.5V  reference  is  2Eg.  Solving 
the  loop  for  the  set  current  gives: 


2Eg-2|En 


'set  =  - 


akT 
q 


or  Iset  = 


2akT 
Rq 
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9m  = 


a  _10 
1.94R  R 


The  temperature  variation  in  the  term  "a"  can  be  ignored 
since  it  is  much  less  than  that  of  the  term  "T"  in  the 
equation  for  Vt,e.  Using  a  2.5V  source  this  way  will  main- 
tain the  gain  constant  within  1  %  over  the  full  temperature 
range  of -55°C  to  +1 25°C.  If  the  2.5V  source  is  off  by  1 0%, 
the  gain  will  vary  only  about  ±6%  over  the  same  tempera- 
ture range. 

Wecan  also  temperature  compensate  thetransconductance 
without  using  a  2.5V  reference  if  the  negative  power 
supply  is  regulated.  A  Thevenin  equivalent  of  2.5V  is 
generated  from  two  resistors  to  replace  the  reference.  The 
two  resistors  also  determine  the  maximum  set  current, 
approximately  1.1V/RTh-  By  rearranging  the  Thevenin 
equations  to  solve  for  R4  and  R6  we  get  the  following 
equations  in  terms  of  Rjh  and  the  negative  supply,  VEe- 


R4  = 


1- 


andR6=K™VEE 
2.5  V  ^  2.5  V 


2IH 


V 


EE 


diode  drops  above  the  negative  supply,  a  single  resistor 
from  the  control  voltage  source  to  pin  5  will  suffice  in  many 
applications.  The  control  voltage  is  referenced  to  the 
negative  supply  and  has  an  offset  of  about  900mV.  The 
conversion  will  be  monotonic,  but  the  linearity  is  deter- 
mined by  the  change  in  the  voltage  at  pin  5  (120mV  per 
decade  of  current).  The  characteristic  is  very  repeatable 
since  the  voltage  at  pin  5  will  vary  less  than  +5%  from  part 
to  part.  The  voltage  at  pin  5  also  has  a  negative  tempera- 
ture coefficient  as  described  in  the  previous  section.  When 
the  gain  of  several  LT1 228s  are  to  be  varied  together,  the 
current  can  be  split  equally  by  using  equal  value  resistors 
to  each  pin  5. 

For  more  accurate  (and  linear)  control,  a  voltage  to  current 
converter  circuit  using  one  op  amp  can  be  used.  The 
following  circuit  has  several  advantages.  The  input  no 
longer  has  to  be  referenced  to  the  negative  supply  and  the 
input  can  be  either  polarity  (or  differential).  This  circuit 
works  on  both  single  and  split  supplies  since  the  input 
voltage  and  the  pin  5  voltage  are  independent  of  each 
other.  The  temperature  coefficient  of  the  output  current  is 


Temperature  Compensation  of  gm  with  a  Thevenin  Voltage 


t=>  -=-^  =  2. 


TOPIN  5 
OFLT1228 


,        (V1-V2)    R3    ,  ,„, 


Voltage  Controlled  Gain 

To  use  a  voltage  to  control  the  gain  of  the  transconductance 
amplifier  requires  converting  the  voltage  into  a  current 
that  flows  into  pin  5.  Because  the  voltage  at  pin  5  is  two 


Digital  control  of  the  transconductance  amplifier  gain  is 
done  by  converting  the  output  of  a  DAC  to  a  current  flowing 
into  pin  5.  Unfortunately  most  current  output  DACs 
sink  rather  than  source  current  and  do  not  have  output 
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compliance  compatible  with  pin  5  of  the  LT1228.  There- 
fore, the  easiest  way  to  digitally  control  the  set  current  is 
to  use  a  voltage  output  DAC  and  a  voltage  to  current 
circuit.  The  previous  voltage  to  current  converter  will  take 
the  output  of  any  voltage  output  DAC  and  drive  pin  5  with 
a  proportional  current.  The  R,  2R  CMOS  multiplying  DACs 
operating  in  the  voltage  switching  mode  work  well  on  both 
single  and  split  supplies  with  the  above  circuit. 

Logarithmic  control  is  often  easier  to  use  than  linear 
control.  A  simple  circuit  that  doubles  the  set  current  for 
each  additional  volt  of  input  is  shown  in  the  voltage 
controlled  state  variable  filter  application  near  the  end  of 
this  data  sheet. 

Transconductance  Amplifier  Frequency  Response 

The  bandwidth  of  the  transconductance  amplifier  is  a 
function  of  the  set  current  as  shown  in  the  characteristic 
curves.  At  set  currents  below  100u.A,  the  bandwidth  is 
approximately: 

-3dB  bandwidth  =  3x1011  ISet 

The  peak  bandwidth  is  about  80MHz  at  500uA  When  a 
resistor  is  used  to  convert  the  output  current  to  a  voltage, 
the  capacitance  at  the  output  forms  a  pole  with  the 
resistor.  The  best  case  output  capacitance  is  about  5pF 
with  ±1 5V  supplies  and  6pF  with  ±5V  supplies.  You  must 
add  any  PC  board  or  socket  capacitance  to  these  values  to 
get  the  total  output  capacitance.  When  using  a  1kQ 
resistor  at  the  output  of  the  transconductance  amp,  the 
output  capacitance  limits  the  bandwidth  to  about  25MHz. 

The  output  slew  rate  of  the  transconductance  amplifier  is 
the  set  current  divided  by  the  output  capacitance,  which  is 
6pF  plus  board  and  socket  capacitance.  For  example  with 
the  set  current  at  1mA,  the  slew  rate  would  be  over 
100V/ns. 


Transconductance  Amp  Small  Signal  Response 
'set  =  500nA.  R1  =50Q 


CURRENT  FEEDBACK  AMPLIFIER 

The  LT1 228  current  feedback  amplifier  has  very  high  non- 
inverting  input  impedance  and  is  therefore  an  excellent 
buffer  for  the  output  of  the  transconductance  amplifier. 
The  non-inverting  input  is  at  pin  1 ,  the  inverting  input  at  pin 
8  and  the  output  at  pin  6.  The  current  feedback  amplifier 
maintains  its  wide  bandwidth  for  almost  all  voltage  gains 
making  it  easy  to  interface  the  output  levels  of  the 
transconductance  amplifier  to  other  circuitry.  The  current 
feedback  amplifier  is  designed  to  drive  low  impedance 
loads  such  as  cables  with  excellent  linearity  at  high 
frequencies. 

Feedback  Resistor  Selection 

The  small  signal  bandwidth  of  the  LT1228  current  feed- 
back amplifier  is  set  by  the  external  feedback  resistors  and 
the  internal  junction  capacitors.  As  a  result,  the  bandwidth 
is  a  function  of  the  supply  voltage,  the  value  of  the 
feedback  resistor,  the  closed  loop  gain  and  load  resistor. 
The  characteristic  curves  of  bandwidth  versus  supply 
voltage  are  done  with  a  heavy  load  (1 00O)  and  a  light  load 
(1kD)  to  show  the  effect  of  loading.  These  graphs  also 
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show  the  family  of  curves  that  result  from  various  values 
of  the  feedback  resistor.  These  curves  use  a  solid  line 
when  the  response  has  less  than  0.5dB  of  peaking  and  a 
dashed  line  forthe  response  with  0.5dB  to  5dB  of  peaking. 
The  curves  stop  where  the  response  has  more  than  5dB  of 


Current  Feedback  Amp  Small  Signal  Response 
Vs  =  ±15V,  RF  =  RG  =  750U,  R|_  =  100U 


At  a  gain  of  two,  on  ±1 5V  supplies  with  a  750Q  feedback 
resistor,  the  bandwidth  into  a  light  load  is  over  160MHz 
without  peaking,  but  into  a  heavy  load  the  bandwidth 
reduces  to  100MHz.  The  loading  has  so  much  effect 
because  there  is  a  mild  resonance  in  the  output  stage  that 
enhances  the  bandwidth  at  light  loads  but  has  its  Q 
reduced  by  the  heavy  load.  This  enhancement  is  only 
useful  at  low  gain  settings,  at  a  gain  often  it  does  not  boost 
the  bandwidth.  At  unity  gain,  the  enhancement  is  so 
effective  the  value  of  the  feedback  resistor  has  very  little 
effecton  the  bandwidth.  At  very  high  closed  loop  gains,  the 
bandwidth  is  limited  by  the  gain  bandwidth  product  of 
about  1GHz.  The  curves  show  that  the  bandwidth  at  a 
closed  loop  gain  of  100  is  10MHz,  only  one  tenth  what  it 
is  at  a  gain  of  two. 


Capacitance  on  the  Inverting  Input 

Current  feedback  amplifiers  want  resistive  feedback  from 
the  output  to  the  inverting  input  for  stable  operation.  Take 
care  to  minimize  the  stray  capacitance  between  the  output 
and  the  inverting  input.  Capacitance  on  the  inverting  input 
to  ground  will  cause  peaking  in  the  frequency  response 
(and  over  shoot  in  the  transient  response),  but  it  does  not 
degrade  the  stability  of  the  amplifier.  The  amount  of 
capacitance  that  is  necessary  to  cause  peaking  is  a  func- 
tion of  the  closed  loop  gain  taken.  The  higher  the  gain,  the 
more  capacitance  is  required  to  cause  peaking.  For  ex- 
ample, in  a  gain  of  1 00  application,  the  bandwidth  can  be 
increased  from  10MHz  to  17MHz  by  adding  a  2200pF 
capacitor,  as  shown  below.  Cq  must  have  very  low  series 
resistance,  such  as  silver  mica. 


LT1KS  -  TAOfl 
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Capacitive  Loads 

The  LT1 228  current  feedback  amplifier  can  drive  capaci- 
tive loads  directly  when  the  proper  value  of  feedback 
resistor  is  used.  The  graph  of  Maximum  Capacitive  Load 
vs  Feedback  Resistor  should  be  used  to  select  the  appro- 
priate value.  The  value  shown  is  for  5dB  peaking  when 
driving  a  1kQ  load,  at  a  gain  of  2.  This  is  a  worst  case 
condition,  the  amplifier  is  more  stable  at  higher  gains,  and 
driving  heavier  loads.  Alternatively,  a  small  resistor  (10f2 
to  20Q)  can  be  put  in  series  with  the  output  to  isolate  the 
capacitive  load  from  the  amplifier  output.  This  has  the 
advantage  that  the  amplifier  bandwidth  is  only  reduced 
when  the  capacitive  load  is  present  and  the  disadvantage 
that  the  gain  is  a  function  of  the  load  resistance. 

Slew  Rate 

The  slew  rate  of  the  current  feedback  amplifier  is  not 
independent  of  the  amplifier  gain  configuration  the  way  it 
is  in  a  traditional  op  amp.  This  is  because  the  input  stage 
and  the  output  stage  both  have  slew  rate  limitations.  The 
input  stage  of  the  LT1228currentfeedbackamplifierslews 
at  about  lOOV/^s  before  it  becomes  non-linear.  Faster 
input  signals  will  turn  on  the  normally  reverse  biased 
emitters  on  the  input  transistors  and  enhance  the  slew  rate 
significantly.  This  enhanced  slew  rate  can  be  as  much  as 
3500V/M.S! 

Current  Feedback  Amp  Large  Signal  Response 
Vs  =  ±15V.  RF  =  Rg  =  750ii  Slew  Rale  Enhanced 


The  output  slew  rate  is  set  by  the  value  of  the  feedback 
resistors  and  the  internal  capacitance.  At  a  gain  of  ten  with 
a  1kQ  feedback  resistor  and  ±15V  supplies,  the  output 
slew  rate  is  typically  +500V/(is  and  -850V/u.s.  There  is  no 
input  stage  enhancement  because  of  the  high  gain.  Larger 
feedback  resistors  will  reduce  the  slew  rate  as  will  lower 
supply  voltages,  similar  to  the  way  the  bandwidth  is 
reduced. 


Current  Feedback  Amp  Large  Signal  Response 
VS  =  +15V,  Rp  =  1k,  RG  =  110Q,  RL  =  400Q 


LT122B  •  TA1 1 


Settling  Time 

The  characteristic  curves  show  that  the  LT1228  current 
feedback  amplifier  settles  to  within  10mV  of  final  value  in 
40ns  to  55ns  for  any  output  step  less  than  1 0V.  The  curve 
of  settling  to  1  mV  of  final  value  shows  that  there  is  a  slower 
thermal  contribution  up  to  20ns.  The  thermal  settling 
component  comes  from  the  output  and  the  input  stage. 
The  output  contributes  just  under  1  mV/V  of  output  change 
and  the  input  contributes  300|iV/V  of  input  change. 
Fortunately  the  input  thermal  tends  to  cancel  the  output 
thermal.  For  this  reason  the  non-inverting  gain  of  two 
configuration  settles  faster  than  the  inverting  gain  of  one. 
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Power  Supplies 

The  LT1228  amplifiers  will  operate  from  single  or  split 
supplies  from  ±2V  (4V  total)  to  ±1 8V  (36V  total).  It  is  not 
necessary  to  use  equal  value  split  supplies,  however  the 
offset  voltage  and  inverting  input  bias  current  of  the 
current  feedbackamplifier  will  degrade.  The  offset  voltage 
changes  about  350u.V/V  of  supply  mismatch,  the  inverting 
bias  current  changes  about  2.5|iA/V  of  supply  mismatch. 

Power  Dissipation 

The  worst  case  amplifier  power  dissipation  is  the  total  of 
the  quiescent  current  times  the  total  power  supply  voltage 
plus  the  power  in  the  IC  due  to  the  load.  The  quiescent 
supply  current  of  the  LT1 228  transconductance  amplifier 
is  equal  to  3.5  times  the  set  current  at  all  temperatures.  The 
quiescent  supply  current  of  the  LT1 228  current  feedback 
amplifier  has  a  strong  negative  temperature  coefficient 
and  at  1 50°C  is  less  than  7mA,  typically  only  4.5mA.  The 
power  in  the  IC  due  to  the  load  is  a  function  of  the  output 
voltage,  the  supply  voltage  and  load  resistance.  The  worst 
case  occurs  when  the  output  voltage  is  at  half  supply,  if  it 
can  go  that  far,  or  its  maximum  value  if  it  cannot  reach  half 
supply. 


For  example,  let's  calculate  the  worst  case  power  dissipa- 
tion in  a  variable  gain  video  cable  driver  operating  on  ±1 2V 
supplies  that  delivers  a  maximum  of  2V  into  150D.  The 
maximum  set  current  is  1mA. 

PD  =  2VS (lSMAX  +  3.5ISET)  +  (Vs  -  V0MAX)  ^M«< 

Pq  — 2x12Vx  [7mA  +  (3. 5  x  1mA)]  +  (l  2V  -  2V) 
=  0.252  +  0.133=  0.385  W 

The  total  power  dissipation  times  the  thermal  resistance  of 
the  package  gives  the  temperature  rise  of  the  die  above 
ambient.  The  above  example  in  S08  surface  mount  pack- 
age (thermal  resistance  is  150°C/W)  gives: 

Temperature  Rise  =  PDeJA  =  0.385W  x  150°C/W 
=  57.75°C 

Therefore  the  maximum  junction  temperature  is  70°C 
+  57.75°C  or  1 27.75°C,  well  under  the  absolute  maximum 
junction  temperature  for  plastic  packages  of  150°C. 


TVPICflL  flPPLICRTIOnS 


Basic  Gain  Control 

The  basic  gain  controlled  amplifier  is  shown  on  the  front 
page  of  the  data  sheet.  The  gain  is  directly  proportional  to 
the  set  current.  The  signal  passes  through  three  stages 
from  the  input  to  the  output. 

First  the  input  signal  is  attenuated  to  match  the  dynamic 
range  of  the  transconductance  amplifier.  The  attenuator 
should  reduce  the  signal  down  to  less  than  1 0OmV  peak. 
The  characteristic  curves  can  be  used  to  estimate  how 
much  distortion  there  will  be  at  maximum  input  signal.  For 
single  ended  inputs  eliminate  R2A  or  R3A. 

The  signal  is  then  amplified  by  the  transconductance 
amplifier  (gm)  and  referred  to  ground.  The  voltage  gain  of 
the  transconductance  amplifier  is: 


gmxR1  =  10xlSETxR1 

Lastly  the  signal  is  buffered  and  amplified  by  the  current 
feedback  amplifier  (CFA).  The  voltage  gain  of  the  current 
feedbackamplifier  is: 

The  overall  gain  of  the  gain  controlled  amplifier  is  the 
product  of  all  three  stages: 


R3 


R3  +  R3A 


x10xlgETxR1x 


1^1 


More  than  one  output  can  be  summed  into  R1  because  the 
output  of  the  transconductance  amplifier  is  a  current.  This 
is  the  simplest  way  to  make  a  video  mixer. 
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TYPicni  nppucOTions 

Video  Fader 


The  video  fader  uses  the  transconductance  amplifiers 
from  two  LT1 228s  in  the  feedback  loop  of  another  current 
feedback  amplifier,  the  LT1223.  The  amount  of  signal 
from  each  input  at  the  output  is  set  by  the  ratio  of  the 
set  currents  of  the  two  LT1228s,  not  by  their  absolute 
value.  The  bandwidth  of  the  current  feedback  amplifier 
is  inversely  proportional  to  the  set  current  in  this 
configuration.  Therefore,  the  set  currents  remain  high 
over  most  of  the  pot's  range,  keeping  the  bandwidth  over 
1 5MHz  even  when  the  signal  is  attenuated  20dB.  The  pot 
is  set  up  to  completely  turn  off  one  LT1 228  at  each  end  of 
the  rotation. 


Video  DC  Restore  (Clamp)  Circuit 


NOT  NECESSARY  IF  THE  SOURCE  RESISTANCE  IS  LESS  THAN  50£2 


The  video  restore  (clamp)  circuit  restores  the  black  level  of 
the  composite  video  to  zero  volts  at  the  beginning  of  every 
line.  This  is  necessary  because  AC  coupled  video  changes 
DC  level  as  a  function  of  the  average  brightness  of  the 
picture.  DC  restoration  also  rejects  low  frequency  noise 
such  as  hum. 

The  circuit  has  two  inputs:  composite  video  and  a  logic 
signal.  The  logic  signal  is  high  except  during  the  back 
porch  time  right  after  the  horizontal  sync  pulse.  While  the 
logic  is  high,  the  PNP  is  off  and  Iset  is  zero.  With  IsETequal 
to  zero  the  feedback  to  pin  2  has  no  affect.  The  video  input 
drives  the  non-inverting  input  of  the  current  feedback 
amplifier  whose  gain  is  set  by  Rp  and  Rq.  When  the  logic 
signal  is  low,  the  PNP  turns  on  and  IsETgoes  to  about  1  mA. 
Then  the  transconductance  amplifier  charges  the  capaci- 
tor to  force  the  output  to  match  the  voltage  at  pin  3,  in  this 
case  zero  volts. 

This  circuit  can  be  modified  so  that  the  video  is  DC  coupled 
by  operating  the  amplifier  in  an  inverting  configuration. 
Just  ground  the  video  input  shown  and  connect  Rq  to  the 
video  input  instead  of  to  ground. 
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Single  Supply  Wien  Bridge  Oscillator 


l  =  1MHz 
V0  =  *6dBm  (450mVRMS) 
2nd  HARMONIC  =  -38dBc 
3rd  HARMONIC  -  -54  dBc 
FOR  +5V  OPERATION  SHORT  OUT  10012  RESISTOR 

In  this  application  the  LT1 228  is  biased  for  operation  from 
a  single  supply.  An  artificial  signal  ground  at  half  supply 
voltage  is  generated  with  two  10k£2  resistors  and  by- 
passed with  a  capacitor.  A  capacitor  is  used  in  series  with 
RG  to  set  the  DC  gain  of  the  current  feedback  amplifier  to 
unity. 

The  transconductance  amplifier  is  used  as  a  variable 
resistor  to  control  gain.  A  variable  resistor  is  formed  by 
driving  the  inverting  input  and  connecting  the  output  back 
to  it.  The  equivalent  resistor  value  is  the  inverse  of  the  gm. 
This  works  with  the  1 .8kn  resistor  to  make  a  variable 
attenuator.  The  1MHz  oscillation  frequency  is  set  by  the 
Wien  bridge  network  made  up  of  two  1000pF  capacitors 
and  two  160Q  resistors. 

For  clean  sine  wave  oscillation,  the  circuit  needs  a  net  gain 
of  one  around  the  loop.  The  current  feedback  amplifier  has 
a  gain  of  34  to  keep  the  voltage  at  the  transconductance 
amplifier  input  low.  The  Wien  bridge  has  an  attenuation  of 


3  at  resonance;  therefore  the  attenuation  of  the  1.8kn 
resistor  and  the  transconductance  amplifier  must  be  about 
1 1 ,  resulting  in  a  set  current  of  about  600liA  at  oscillation. 
At  start  up  there  is  no  set  current  and  therefore  no 
attenuation  for  a  net  gain  of  about  1 1  around  the  loop.  As 
the  output  oscillation  builds  up  it  turns  on  the  PNP 
transistor  which  generates  the  set  current  to  regulate  the 
output  voltage. 


12  MHz  Negative  Resistance  LC  Oscillator 


V0  =  +10dB 

AT  Vs  =  ±5V  ALL  HARMONICS  40dB  DOWN 
AT  Vs  =  t12V  ALL  HARMONICS  50dB  DOWN 


This  oscillator  uses  the  transconductance  amplifier  as  a 
negative  resistor  to  cause  oscillation.  A  negative  resistor 
results  when  the  positive  input  of  the  transconductance 
amplifier  is  driven  and  the  output  is  returned  to  it.  In  this 
example  a  voltage  divider  is  used  to  lower  the  signal  level 
at  the  positive  input  for  less  distortion.  The  negative 
resistor  will  not  DC  bias  correctly  unless  the  output  of  the 
transconductance  amplifier  drives  a  very  low  resistance. 
Here  it  sees  an  inductor  to  ground  so  the  gain  at  DC  is  zero. 
The  oscillator  needs  negative  resistance  to  start  and  that 
is  provided  by  the  4.3kQ  resistor  to  pin  5.  As  the  output 
level  rises  it  turns  on  the  PNP  transistor  and  in  turn  the 
NPN  which  steals  current  from  the  transconductance 
amplifier  bias  input. 
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LT1228 


Filters 


Single  Pole  Low/Hlgh/Allpass  Filter 


R3A 

V|N  1k£l 
LOWPASS  -Wk 
INPUT 


RF+1 


"  2k       C         Re      R2  +  R2A 
Fc  =  109  |SET  FOR  THE  VALUES  SHOWN  awvm 


Using  the  variable  transconductance  of  the  LT1228  to 
make  variable  filters  is  easy  and  predictable.  The  most 
straight  forward  way  is  to  make  an  integrator  by  putting  a 
capacitor  at  the  output  of  the  transconductance  amp  and 
buffering  it  with  the  current  feedback  amplifier.  Because 
the  input  bias  current  of  the  current  feedback  amplifier 
must  be  supplied  by  the  transconductance  amplifier,  the 
set  current  should  not  be  operated  below  1 0uA  This  limits 
the  filters  to  about  a  100:1  tuning  range. 

The  Single  Pole  circuit  realizes  a  single  pole  filter  with  a 
corner  frequency  (fc)  proportional  to  the  set  current.  The 


values  shown  give  a  1 00kHz  corner  frequency  for  1  OOllA 
set  current.  The  circuit  has  two  inputs,  a  lowpass  filter 
input  and  a  highpass  filter  input.  To  make  a  lowpass  filter, 
ground  the  highpass  input  and  drive  the  lowpass  input. 
Conversely  for  a  highpass  filter,  ground  the  lowpass  input 
and  drive  the  highpass  input.  If  both  inputs  are  driven,  the 
result  is  an  allpass  filter  or  phase  shifter.  The  allpass  has 
flat  amplitude  response  and  0°  phase  shift  at  low  frequen- 
cies, going  to  -180°  at  high  frequencies.  The  allpass  filter 
has  -90°  phase  shift  at  the  corner  frequency. 
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Voltage  Controlled  State  Variable  Filter 


LOWPASS 
OUTPUT 


t0  =  100kHzATVc  =  OV 
f0  =  200kHz  AT  VC  =  1V 
f0  =  400kHz  AT  VC  =  2V 
f0  =  800kHz  AT  VC  =  3V 
f0  =  1.6MHzATVc  =  4V 


LTI228  ■  TA18 


The  state  variable  filter  has  both  lowpass  and  bandpass 
outputs.  Each  LT1228  is  configured  as  a  variable  integra- 
tor whose  frequency  is  set  by  the  attenuators,  the  capaci- 
tors and  the  set  current.  Because  the  integrators  have  both 
positive  and  negative  inputs,  the  additional  op  amp  nor- 
mally required  is  not  needed.  The  input  attenuators  set  the 
circuit  up  to  handle  3VPP  signals. 

The  set  current  is  generated  with  a  simple  circuit  that  gives 
logarithmic  voltage  to  current  control.  The  two  PNP  tran- 
sistors should  be  a  matched  pair  in  the  same  package  for 


best  accuracy.  If  discrete  transistors  are  used,  the  51kS2 
resistor  should  be  trimmed  to  give  proper  frequency 
response  with  Vc  equal  zero.  The  circuit  generates  1 00|iA 
for  Vc  equal  zero  volts  and  doubles  the  current  for  every 
additional  volt.  The  two  3kQ  resistors  divide  the  current 
between  the  two  LT1228s.  Therefore  the  set  current  of 
each  amplifier  goes  from  50|iA  to  800|aA  for  a  control 
voltage  of  0V  to  4V.  The  resulting  filter  is  at  1 00kHz  for  Vc 
equal  zero,  and  changes  it  one  octave/V  of  control  input. 
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RFAGC  Amp  (Leveling  Loop) 


+15V 


LT1228 



Inverting  Amplifier  with  DC  Output  Less  Than  5mV 


Amplitude  Modulator 


2-279 


^M*mJ  TECHNOLOGY 


F€fiTUR€S 

■  100MHz  Bandwidth 

■  1000V/ns  Slew  Rate 

■  Low  Cost 

■  30mA  Output  Drive  Current 

■  0.04%  Differential  Gain 

■  0.1°  Differential  Phase 

■  High  Input  Impedance,  25MQ,  3pF 

■  Wide  Supply  Range,  +2V  to  ±1 5V 

■  Low  Supply  Current,  6mA  Per  Amplifier 

■  Inputs  Common  Mode  to  Within  1 .5V  of  Supplies 

■  Outputs  Swing  Within  0.8V  of  Supplies 

nppucmions 

■  Video  Instrumentation  Amplifiers 

■  Cable  Drivers 

■  RGB  Amplifiers 

■  Test  Equipment  Amplifiers 


 LT1229/LT1230 

Dual  and  Quad  lOOMHz 
Current  Feedback  Amplifiers 

DCSCMPTIOn 

The  LT1229  and  LT1230  dual  and  quad  100MHz  current 
feedback  amplifiers  are  designed  for  maximum  perfor- 
mance in  small  packages.  Using  industry  standard 
pinouts,  the  dual  is  available  in  the  8-pin  miniDIP  and  the 
8-pin  SO  package  while  the  quad  is  in  the  14-pin  DIP  and 
14-pin  SO.  The  amplifiers  are  designed  to  operate  on 
almost  any  available  supply  voltage  from  4V  (±2V)  to  30V 
(+15V). 

These  current  feedback  amplifiers  have  very  high  input 
impedance  and  make  excellent  buffer  amplifiers.  They 
maintain  their  wide  bandwidth  for  almost  all  closed  loop 
voltage  gains.  The  amplifiers  drive  over  30mA  of  output 
current  and  are  optimized  to  drive  low  impedance  loads, 
such  as  cables,  with  excellent  linearity  at  high  frequencies. 

The  LT1229  and  LT1230  are  manufactured  on  Linear 
Technology's  proprietary  complementary  bipolar  process. 
For  a  single  amplifier  like  these  see  the  LT1227  and  for 
better  DC  accuracy  see  the  LT1223. 


TVPICflL  nppucATion 

Video  Loop  Through  Amplifier 


RG1 
3.01  k£2 
-W\r 


BNC  INPUTS 


HIGH  INPUT  RESISTANCE  DOES  NOT  LOAD  CABLE  EVEN 
WHEN  POWER  IS  OFF 


WORST  CASE  CMRR  =  22tJB 
TYPICALLY  =  38dB 

Vout  =  G(Vin»-Vin-) 
RF1  =  RF2 

RG1  =  (G-1)RF2 

a  JiEL 
RG2=  G_, 

TRIM  CMRR  WITH  RG1 


Loop  Through  Amplifier  Frequency 


10 
0 

-10 
f  -20 
I  -30 
-40 
-50 


-Mio 


N 

DRMA 

SIGN 

cot 

MON 

MODE 

SIGNA 

1k     10k   100k    1M    10M  100M 
FREQUENCY  (Hz) 
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rbsoiutc  mnximum  RRTinGs     prckrgc/ordcr  inFORmnnon 


Supply  Voltage  ±18V 

Input  Current  ±15mA 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Temperature  Range 

LT1229C,  LT1230C  0°C  to  70°C 

LT1229M,  LT1230M  -55°C  to125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Junction  Temperature 

Plastic  Package  150°C 

Ceramic  Package  175°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


TOP  VIEW 

ORDER  PART 

OUT  A  [T 
-IN  A  fT 

T] 

NUMBER 

3  ™tb 

LT1229MJ8 

+INA  |T 

T]  -IN  B 

LT1229CJ8 

V~  [7 

T]  +IN  B 

LT1229CN8 

J8  PACKAGE             N8  PACKAGE 
8-LEAD  CERAMIC  DIP    8-LEAD  PLASTIC  DIP 
S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

LTI1M.POM1 

LT1229CS8 

S8  PART  MARKING 

1229 

TOP  VIEW 

L  I  1  iLOUIVIJ 

OUTA  LL 
-IN  A  [7 
+INA  [7 
V*  |T 
+IN  B  LL 

14]  OUTD 
JJ]  -IN  D 
12]  tIND 
U\  V" 
10]  +INC 

LT1230CJ 
LT1230CN 
LT1230CS 

-IN  B  [T 

]0  -INC 

OUTB  [7 

J]  OUTC 

J  PACKAGE               N  PACKAGE 
14-LEAD  CERAMIC  DIP  14-LEAD  PLASTIC  DIP 
S  PACKAGE 
14-LEAD  PLASTIC  SOIC 

LT12S9.POI02 

€l€CTRICRl  CHRRRCT6RISTICS 

Each  Amplifier,  VCM  =  0V,  ±5V  <  Vs  =  ±15V,  pulse  tested  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

vos 

Input  Offset  Voltage 

TA  =  25°C 

±3  ±10 
±15 

mV 
mV 

Input  Offset  Voltage  Drift 

10 

uV/°C 

l|N+ 

Non-Inverting  Input  Current 

TA  =  25°C 

±0.3  ±3 
+10 

U.A 

M-A 

l|N- 

Inverting  Input  Current 

TA  =  25°C 

±10  ±50 
+100 

M-A 
pA 

en 

Input  Noise  Voltage  Density 

f  =  1kHz,  RF  =  1k£2,  RG  =  10U,  Rs  =  0i2 

6 

nV/VHz 

in 

Input  Noise  Current  Density 

f  =  1kHz,  RF=1k£2,  RG  =  10£2,  Rs  =  10kQ 

1.4 

pA/VRz 

Bin 

Input  Resistance 

V|N  =  ±13V,  VS  =  ±15V 
V,N  =  ±3V,  VS  =  ±5V 

2  25 
2  25 

Ma 
Mn 

C|N 

Input  Capacitance 

3 

PF 

Input  Voltage  Range 

Vs  =  ±15V,Ta=25°C 
VS  =  ±5V,TA=25°C 

+13  ±13.5 
±12 

±3  ±3.5 
±2 

V 
V 
V 
V 

CMRR 

Common  Mode  Rejection  Ratio 

Vs  =  ±15V,Vcm  =  ±13V,Ta  =  25°C 
Vs  =  ±15V,VCm  =  ±12V 
VS  =  ±5V,  VCM  =  ±3V,TA  =  250C 
VS  =  ±5V,  VCM  =  ±2V 

55  69 
55 

55  69 

55 

rJB 
t)B 
rJB 
OB 
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€L€CTMCAl  CHfiRfiCT€RISTICS 

Each  Amplifier,  VCm  =  OV,  ±5V  <  Vs  =  +15V,  pulse  tested  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Inverting  Input  Current 
Common  Mode  Rejection 

VS  =  ±15V,  VCM  =  ±13V,TA=25°C 
VS  =  ±15V,  VCM  =  ±12V 
VS  =  ±5V,VCM  =  ±3V,TA  =  25°C 
VS  =  ±5V,VCM  =  ±2V 

• 
• 

2.5  10 
10 

2.5  10 
10 

HA/V 
uAA/ 
P.A/V 
uAA/ 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±2Vto±15V,TA=25°C 
Vs  =  ±3Vto±15V 

• 

60  80 
60 

rJB 
dB 

Non-Inverting  Input  Current 

ruwci  ouppiy  ncjcijLlUN 

VS  =  ±2V  to±15V,TA  =  25°C 
Vs  =  ±3Vto±15V 

 1 

• 

10  50 
50 

nA/V 
nA/V 

Inverting  Input  Current 
Power  Supply  Rejection 

Vs  =  ±2Vto±15V,TA  =  25°C 
Vs  =  ±3Vto±15V 

• 

0.1  5 

3 

uA/V 

(1/VV 

A 

Ay 

Large  oignai  voltage  bam,  (Note  t) 

Vs  =  ±15V,  Vout  =  ±iov,  Rl  =  ik£i 
Vs  =  ±5V,  Vout  =  ±2V.  RL  =  1 50Q 

• 
• 

DD  DO 

55  65 

UD 

dB 

Rol 

Transresistance,  AVout/AIin-,  (Note  2) 

Vs  =  ±1 5V,  Vout  =  ±1  OV,  RL  =  1  kC2 
Vs  =  ±5V,  Vout  =  ±2V,  RL  =  150£2 

• 
• 

100  200 
100  200 

k£2 
kn 

VouT 

Maximum  Output  Voltage  Swing,  (Note  2) 

VS  =  ±15V,  RL  =  400£2,TA  =  25°C 
Vs  =  ±5V,  Rl  =  1 50Q,  TA  =  25°C 

• 

±12  ±13.5 
±10 

-lO         4.0  7 

±2.5 

V 
V 

w 

V 

V 

'out 

Maximum  Output  Current 

RL  =  0fl,  TA  =  25°C 

30       65  125 

mA 

I, 

SR 

Supply  Current,  (Note  3) 

V0UT  =  0V,  Each  Amplifier,  TA  =  25°C 

• 

6  9.5 
11 

mA 
mA 

Slew  Rate,  (Notes  4  and  6) 

TA  =  25  C 

300  700 

V/us 

SR 

Slew  Rate 

VS  =  +15V,  RF  =  750S2,  RG=  750Q,  RL  =  400£2 

2500 

V/pis 

t, 

Rise  Time,  (Notes  5  and  6) 

TA  =  25°C 

10  20 

ns 

BW 

Small  Signal  Bandwidth 

VS  =  ±1 5V,  RF  =  750£2,  RG=  750f2,  RL  =  100S1 

100 

MHz 

tr 

Small  Signal  Rise  Time 

Vs  =  ±1 5V,  RF  =  750£2,  RG=  750Q,  RL  =  1 00i2 

3.5 

ns 

Propagation  Delay 

Vs  =  ±15V,  Rp  =  75012,  RG=  750O,  RL  =  100Q 

3.5 

ns 

Small  Signal  Overshoot 

Vs  =  ±15V,  RF  =  750S2,  RG=  750C2,  RL  =  100Q 

15 

% 

's 

Settling  Time 

0.1%,  Vqut  =  10V,  RF=1kQ,  RG=  1kQ,  RL=1kn 

45 

ns 

Differential  Gain,  (Note  7)                 |  Vs  =  +1 5V,  Rp  =  75012,  Rg=  750£2,  Rl  =  1  k!2 

0.01 

% 

Differentia]  Phase,  (Note  7) 

Vs  =  ±15V,  RF  =  750£2,  RG=  750U,  RL  =  1  k<  2 

0.01 

Deg. 

Differential  Gain.  (Note  7) 

Vs=  t15V,  Rp  =  750Q,  RG=  750£2  RL  =  150S> 

0.04 

% 

Differential  Phase,  (Note  7) 

I  

Vs  =  ±1 5V,  RF  =  750Q,  RG=  750£2,  RL  =  1 50£2 

0.1 

Deg. 

The  •  denotes  specifications  which  apply  over  the  operating  temperature 
range. 

Note  1:  A  heatsink  may  be  required  depending  on  the  power  supply 
voltage  and  how  many  amplifiers  are  shorted. 
Note  2:  The  power  tests  done  on  ±15V  supplies  are  done  on  only  one 
amplifier  at  a  time  to  prevent  excessive  junction  temperatures  when  testing 
at  maximum  operating  temperature. 

Note  3:  The  supply  current  of  the  LT1229,  LT1230  has  a  negative 
temperature  coefficient.  For  more  information  see  the  application 
information  section. 

Note  4:  Slew  rate  is  measured  at  ±5V  on  a  ±10V  output  signal  while 
operating  on  ±15V  supplies  with  Rp  =  1kS2,  RG  =  1 10£2  and  RL  =  400S2.  The 


slew  rate  is  much  higher  when  the  input  is  overdriven  and  when  the 
amplifier  is  operated  inverting,  see  the  applications  section. 
Note  5:  Rise  time  is  measured  from  10%  to  90%  on  a  ±500mV  output 
signal  while  operating  on  ±1 5V  supplies  with  Rp  =  1  kfi,  RG  =  1 1 0£2  and 
Rl  =  100S2.  This  condition  is  not  the  fastest  possible,  however,  it  does 
guarantee  the  internal  capacitances  are  correct  and  it  makes  automatic 
testing  practical. 

Note  6:  AC  parameters  are  100%  tested  on  the  ceramic  and  plastic  DIP 
packaged  parts  (J  and  N  suffix)  and  are  sample  tested  on  every  lot  of  the 
SO  packaged  parts  (S  suffix). 

Note  7:  NTSC  composite  video  with  an  output  level  of  2Vp. 
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Voltage  Gain  and  Phase  vs 
Frequency,  Gain  ■  6dB 
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Maximum  Capacitance  Load  vs 
Feedback  Resistor 
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Temperature 
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Output  Short  Circuit  Current  vs 
Temperature 
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Frequency 
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The  LT1229  and  LT1230  are  very  fast  dual  and  quad 
current  feedback  amplifiers.  Because  they  are  current 
feedback  amplifiers,  they  maintain  their  wide  bandwidth 
over  a  wide  range  of  voltage  gains.  These  amplifiers  are 
designed  to  drive  low  impedance  loads  such  as  cables 
with  excellent  linearity  at  high  frequencies. 

Feedback  Resistor  Selection 

The  small  signal  bandwidth  of  the  LT1229/LT1230  is  set 
by  the  external  feedback  resistors  and  the  internal  junction 
capacitors.  As  a  result,  the  bandwidth  is  a  function  of  the 
supply  voltage,  the  value  of  the  feedback  resistor,  the 
closed  loop  gain  and  load  resistor.  The  characteristic 
curves  of  bandwidth  versus  supply  voltage  are  done  with 
a  heavy  load  (10012)  and  a  light  load  (1k£2)  to  show  the 
effect  of  loading.  These  graphs  also  show  the  family  of 
curves  that  result  from  various  values  of  the  feedback 
resistor.  These  curves  use  a  solid  line  when  the  response 
has  less  than  0.5dB  of  peaking  and  a  dashed  line  when  the 
response  has  0.5dB  to  5dB  of  peaking.  The  curves  stop 
where  the  response  has  more  than  5dB  of  peaking. 

Small  Signal  Rise  Time  with 
Rp  =  Rq  =  750a,  Vs  =  +15V,  and  RL  =  100Q 


At  a  gain  of  two,  on  ±15V  supplies  with  a  750Q  feedback 
resistor,  the  bandwidth  into  a  light  load  is  over  160MHz 
without  peaking,  but  into  a  heavy  load  the  bandwidth 
reduces  to  100MHz.  The  loading  has  so  much  effect 
because  there  is  a  mild  resonance  in  the  output  stage  that 
enhances  the  bandwidth  at  light  loads  but  has  its  Q 
reduced  by  the  heavy  load.  This  enhancement  is  only 
useful  at  low  gain  settings;  at  a  gain  often  it  does  not  boost 
the  bandwidth.  At  unity  gain,  the  enhancement  is  so 
effective  the  value  of  the  feedback  resistor  has  very  little 
effect.  At  very  high  closed  loop  gains,  the  bandwidth  is 
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limited  by  the  gain  bandwidth  product  of  about  1  GHz.  The 
curves  show  that  the  bandwidth  at  a  closed  loop  gain  of 
1 00  is  1 0MHz,  only  one  tenth  what  it  is  at  a  gain  of  two. 

Capacitance  on  the  Inverting  Input 

Current  feedback  amplifiers  want  resistive  feedback  from 
the  output  to  the  inverting  input  for  stable  operation.  Take 
care  to  minimize  the  stray  capacitance  between  the  output 
and  the  inverting  input.  Capacitance  on  the  inverting  input 
to  ground  will  cause  peaking  in  the  frequency  response 
(and  overshoot  in  the  transient  response),  but  it  does  not 
degrade  the  stability  of  the  amplifier.  The  amount  of 
capacitance  that  is  necessary  to  cause  peaking  is  a  func- 
tion of  the  closed  loop  gain  taken.  The  higher  the  gain,  the 
more  capacitance  is  required  to  cause  peaking.  We  can 
add  capacitance  from  the  inverting  input  to  ground  to 
increase  the  bandwidth  in  high  gain  applications.  For 
example,  in  this  gain  of  1 00  application,  the  bandwidth  can 
be  increased  from  1 0MHz  to  17MHz  by  adding  a  2200pF 
capacitor. 


Boosting  Bandwidth  of  High  Gain  Amplifier  with 
Capacitance  on  Inverting  Input 
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Capacitive  Loads 

The  LT1 229/LT1 230  can  drive  capacitive  loads  directly 
when  the  proper  value  of  feedback  resistor  is  used.  The 
graph  Maximum  Capacitive  Load  vs  Feedback  Resistor 
should  be  used  to  select  the  appropriate  value.  The  value 
shown  isfor  5dB  peaking  when  driving  a  1  k£2  load  atagain 
of  2.  This  is  a  worst  case  condition;  the  amplifier  is  more 
stable  at  higher  gains  and  driving  heavier  loads.  Alterna- 
tively, a  small  resistor  (1 OQ  to  20Q.)  can  be  put  in  series 
with  the  output  to  isolate  the  capacitive  load  from  the 
amplifier  output.  This  has  the  advantage  that  the  amplifier 
bandwidth  is  only  reduced  when  the  capacitive  load  is 
present,  and  the  disadvantage  that  the  gain  is  a  function  of 
the  load  resistance. 

Power  Supplies 

The  LT1229  and  LT1230  amplifiers  will  operate  from 
single  or  split  supplies  from  ±2V  (4V  total)  to  ±1 5V  (30V 
total).  It  is  not  necessary  to  use  equal  value  split  supplies, 
however,  the  offset  voltage  and  inverting  input  bias  cur- 
rent will  change.  The  offset  voltage  changes  about  350|iV 
per  volt  of  supply  mismatch,  the  inverting  bias  current 
changes  about  2.5^A  per  volt  of  supply  mismatch. 

Power  Dissipation 

The  LT1229/LT1230  amplifiers  combine  high  speed  and 
large  output  current  drive  into  very  small  packages.  Be- 
cause these  amplifiers  work  overa  very  wide  supply  range, 
it  is  possible  to  exceed  the  maximum  junction  temperature 
under  certain  conditions.  To  ensure  that  the  LT1229/ 
LT1230  remain  within  their  absolute  maximum  ratings, 
we  must  calculate  the  worst  case  power  dissipation, 
define  the  maximum  ambient  temperature,  select  the 
appropriate  package  and  then  calculate  the  maximum 
junction  temperature. 

The  worst  case  amplifier  power  dissipation  is  the  total  of 
the  quiescent  current  times  the  total  power  supply  voltage 
plus  the  power  in  the  IC  due  to  the  load.  The  quiescent 
supply  current  of  the  LT1 229/LT1 230  has  a  strong  nega- 
tive temperature  coefficient.  The  supply  i 


amplifier  at  150°C  is  less  than  7mA  and  typically  is  only 
4.5mA.  The  power  in  the  IC  due  to  the  load  is  a  function  of 
the  output  voltage,  the  supply  voltage  and  load  resistance. 
The  worst  case  occurs  when  the  output  voltage  is  at  half 
supply,  if  it  can  go  that  far,  or  its  maximum  value  if  it 
cannot  reach  half  supply. 

For  example,  let's  calculate  the  worst  case  power  dissipa- 
tion in  a  video  cable  driver  operating  on  ±1 2V  supplies  that 
delivers  a  maximum  of  2V  into  150Q. 

PdMAX  =  2Vs'SMAX  +  (VS  _  VOMAx)  V°RMAX 


PdMAX  =  2  x  1 2V  x  7mA+  (1 2V  -  2V) : 


2V 


150Q 

=  0.168  +  0.133  =  0.301W  per  Amp 

Now  if  that  is  the  dual  LT1229,  the  total  power  in  the 
package  is  twice  that,  or  0.602W.  We  now  must  calculate 
how  much  the  die  temperature  will  rise  above  the  ambient. 
The  total  power  dissipation  times  the  thermal  resistance  of 
the  package  gives  the  amount  of  temperature  rise.  Forthe 
above  example,  if  we  use  the  S08  surface  mount  package, 
the  thermal  resistance  is  1 50°C/W  junction  to  ambient  in 
still  air. 

Temperature  Rise  =  PdMAX  R&ja  =  0.602W  x  1 50°C/W 
=  90.3°C 

The  maximum  junction  temperature  allowed  in  the  plastic 
package  is  150°C.  Therefore,  the  maximum  ambient  al- 
lowed is  the  maximum  junction  temperature  less  the 
temperature  rise. 

Maximum  Ambient  =  150°C  -  90.3°C  =  59.7°C 

Note  that  this  is  less  than  the  maximum  of  70°C  that  is 
specified  in  the  absolute  maximum  data  listing.  If  we  must 
use  this  package  at  the  maximum  ambient  we  must  lower 
the  supply  voltage  or  reduce  the  output  swing. 

As  a  guideline  to  help  in  the  selection  of  the  LT1229/ 
LT1 230  the  following  table  describes  the  maximum  sup- 
ply voltage  that  can  be  used  with  each  part  in  cable  driving 
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Assumptions: 

1 .  The  maximum  ambient  is  70°C  for  the  commercial 
parts  (C  suffix)  and  125°C  for  the  full  temperature 
parts  (M  suffix). 

2.  The  load  is  a  double  terminated  video  cable,  1 50£X 

3.  The  maximum  output  voltage  is  2V  (peak  or  DC). 

4.  The  thermal  resistance  of  each  package: 

J8is100°C/W  Jis80°/W 
N8is100°C/W  Nis70°/W 
S8is150°C/W  Sis110°/W 


Maximum  Supply  Voltage  for  75<  >  Cable  Driving  Applications  at 
Maximum  Ambient  Temperature 


PART 

PACKAGE 

MAX  POWER  AT  TA 

MAX  SUPPLY 

LT1229MJ8 
LT1229CJ8 
LT1229CN8 
LT1229CS8 

Ceramic  DIP 
Ceramic  DIP 
Plastic  DIP 
Plastic  S08 

0.500W@125°C 
1.050W@70°C 
0.800W@70°C 
0.533W  @  70°C 

Vs<±10.1 
Vs<+18.0 
Vs  <  ±1 5.6 
Vs<±10.6 

LT1230MJ 
LT1230CJ 
LT1230CN 
LT1230CS 

Ceramic  DIP 
Ceramic  DIP 
Plastic  DIP 
Plastic  S014 

0.625W@125°C 

1.313W@70°C 

1.143W@70°C 

Vs  <  ±6.6 
Vs<±13.0 
Vs  <  ±1 1 .4 
Vs<±7.6 

Slew  Rate 

The  slew  rate  of  a  current  feedback  amplifier  is  not 
independent  of  the  amplifier  gain  the  way  it  is  in  a  tradi- 
tional op  amp.  This  is  because  the  input  stage  and  the 
output  stage  both  have  slew  rate  limitations.  The  input 
stage  of  the  LT1229/LT1230  amplifiers  slew  at  about 
100V/u.s  before  they  become  non-linear.  Faster  input 
signals  will  turn  on  the  normally  reverse  biased  emitters 
on  the  input  transistors  and  enhance  the  slew  rate  signifi- 
cantly. This  enhanced  slew  rate  can  be  as  much  as 
2500V/lis. 

The  output  slew  rate  is  set  by  the  value  of  the  feedback 
resistors  and  the  internal  capacitance.  At  a  gain  of  ten  with 
a  1k£2  feedback  resistor  and  ±1 5V  supplies,  the  output 
slew  rate  is  typically  +700V/(is  and  -1000V/(is.  There 
is  no  input  stage  enhancement  because  of  the  high  gain. 


Large  Signal  Response,  Av  =  2,  RF  =  RG  =  750Q 


Larger  feedback  resistors  will  reduce  the  slew  rate  as  will 
lower  supply  voltages,  similar  to  the  way  the  bandwidth  is 
reduced. 


Large  Signal  Response,  Av  =  10,  RF  =  1k,  RG  =  110O 


Settling  Time 

The  characteristic  curves  show  that  the  LT1229/LT1230 
amplifiers  settle  to  within  10mV  of  final  value  in  40ns  to 
55ns  for  any  output  step  up  to  10V.  The  curve  of  settling 
to  1  mV  of  final  value  shows  that  there  is  a  slower  thermal 
contribution  up  to  20jis.  The  thermal  settling  component 
comes  from  the  output  and  the  input  stage.  The  output 
contributes  just  under  1  mV  per  volt  of  output  change  and 
the  input  contributes  300nV  per  volt  of  input  change. 
Fortunately,  the  input  thermal  tends  to  cancel  the  output 
thermal.  For  this  reason  the  non-inverting  gain  of  two 
configurations  settles  faster  than  the  inverting  gain  of  one. 
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Crosstalk  and  Cascaded  Amplifiers 

The  amplifiers  in  the  LT1 229  and  LT1 230  do  not  share  any 
common  circuitry.  The  only  thing  the  amplifiers  share  is 
the  supplies.  As  a  result,  the  crosstalk  between  amplifiers 
is  very  low.  In  a  good  breadboard  or  with  a  good  PC  board 
layout  the  crosstalk  from  the  output  of  one  amplifier  to  the 
input  of  another  will  be  over  100dB  down,  up  to  100kHz 
and  65dB  down  at  10MHz.  The  following  curve  shows 
the  crosstalk  from  the  output  of  one  amplifier  to  the 
input  of  another. 

Amplifier  Crosstalk  vs  Frequency 
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The  high  frequency  crosstalk  between  amplifiers  is 
caused  by  magnetic  coupling  between  the  internal  wire 
bonds  that  connect  the  IC  chip  to  the  package  lead  frame. 
The  amount  of  crosstalk  is  inversely  proportional  to  the 
load  resistor  the  amplifier  is  driving,  with  no  load  (just 
the  feedback  resistor)  the  crosstalk  improves  18dB.  The 
curve  shows  the  crosstalk  of  the  LT1229  amplifier  B 
output  (pin  7)  to  the  input  of  amplifier  A.  The  crosstalk 
from  amplifier  A's  output  (pin  1)  to  amplifier  B  is  about 
10dB  better.  The  crosstalk  between  all  of  the  LT1230 
amplifiers  is  as  shown.  The  LT1230  amplifiers  that  are 
separated  by  the  supplies  are  a  few  dB  better. 

When  cascading  amplifiers  the  crosstalk  will  limit  the 
amount  of  high  frequency  gain  that  is  available  because 
the  crosstalk  signal  is  out  of  phase  with  the  input  signal. 
This  will  often  show  up  as  unusual  frequency  response. 
For  example:  cascading  the  two  amplifiers  in  the  LT1 229, 
each  set  up  with  20dB  of  gain  and  a  -3dB  bandwidth  of 
65MHz  into  100Q  will  result  in  40dB  of  gain,  BUT  the 
response  will  start  to  drop  at  about  1 0MHz  and  then  flatten 
out  from  20MHz  to  30MHz  at  about  0.5dB  down.  This  is 
due  to  the  crosstalk  back  to  the  input  of  the  first  amplifier. 

For  best  results  when  cascading  amplifiers  use  the  LT1 229 
and  drive  amplifier  B  and  follow  it  with  amplifier  A. 
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Single  +5V  Supply  Cable  Driver  for  Composite  Video 

This  circuit  amplifies  standard  1V  peak  composite  video 
input  (1 .4Vp-p)  by  two  and  drives  an  AC  coupled  doubly 
terminated  cable.  In  order  for  the  output  to  swing 
2.8Vp-p  on  a  single  5V  supply,  it  must  be  biased  accu- 
rately. The  average  DC  level  of  the  composite  input  is  a 
function  of  the  luminance  signal.  This  will  cause  problems 
if  we  AC  couple  the  input  signal  into  the  amplifier  because 
a  rapid  change  in  luminance  will  drive  the  output  into  the 
rails.  To  prevent  this  we  must  establish  the  DC  level  at  the 
input  and  operate  the  amplifier  with  DC  gain. 

The  transistor's  base  is  biased  by  R1  and  R2  at  2V.  The 
emitter  of  the  transistor  clamps  the  non-inverting  input  of 
the  amplifier  to  1 .4V  at  the  most  negative  part  of  the  input 


(the  sync  pulses).  R4,  R5  and  R6  set  the  amplifier  up  with 
a  gain  of  two  and  bias  the  output  so  the  bottom  of  the  sync 
pulses  are  at  1.1V.  The  maximum  input  then  drives  the 
output  to  3.9V. 


lti2».taii 
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LT1229/LT1230 


TYPICAL  flPPUCOTIOnS 


Single  Supply  AC  Coupled  Amplifiers 


Non-Inverting 

+5V 


0.1nF  <«0k!2 


■ft* 

_L  Av=  11 


8W  =  600Hz  TO  50MHz  m2».t«» 


inverting 


Rs  +  5m 

BW  =  600Hz  TO  50MHz 
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LTC1047 


Dual  Micropower  Chopper 
Stabilized  Operational  Amplifier 
with  Internal  Capacitors 


F€ATUR€S 

■  No  External  Components  Required 

■  Supply  Current  80u.A 

■  Maximum  Offset  Voltage  10uV 

■  Maximum  Offset  Voltage  Drift  50nV/°C 

■  Minimum  CMRR110dB 

■  Minimum  PSRR110dB 

■  Single  Supply  Operation  4.75V  to  16V 

■  Common  Mode  Range  Includes  GND 

■  Output  Swings  to  GND 

■  Typical  Overload  Recovery  Time  70ms 

■  Pin  Compatible  with  Industry  Standard  Dual 
Op  Amps 

APPLICATION 

■  Thermocouple  Amplifiers 

■  Electronic  Scales 

■  Battery  Powered  Instrumentation 

■  Strain  Gauge  Amplifiers 

■  Remote  Located  Sensors 


DCSCRIPTIOn 

The  LTC1047  is  a  micropower,  high  performance  dual 
chopper  stabilized  operational  amplifier.  The  sample-and- 
hold  capacitors  usually  required  by  other  chopper  ampli- 
fiers are  integrated  on-chip,  minimizing  the  need  for 
external  components. 

The  LTC1047  has  a  typical  offset  voltage  of  3u.V,  drift  of 
10nV/°C,  input  noise  voltage  typically  3.5^Vp-p,  and 
typical  voltage  gain  of  150dB.  The  common  mode  rejec- 
tion is  1 1 0dB  minimum,  with  minimum  power  supply 
rejection  of  1 10dB.  The  LTC1 047  also  offers  0.2V/u.s  slew 
rate  and  a  gain  bandwidth  product  of  200kHz.  Overload 
recovery  time  from  saturation  is  70ms,  four  times  faster 
than  chopper  amplifiers  with  external  capacitors. 

The  LTC1 047  is  available  in  a  standard  plastic  8-pin  DIP  as 
well  as  a  16-pin  SOL  package.  The  LTC1047  is  a  plug-in 
replacement  for  most  dual  op  amps  with  improved  DC 
performance  and  substantial  power  savings. 


TYPICAL  APPLICATIOA 

Micropower  Single  Supply  Instrumentation  Amplifier 


o  |t} 

-fj£)-  []T]--; 


GAIN  =  1000 
CMRR>=120d8AT60Hz 
Vos  =  <10nV 
ls  =  62pA  (INCLUDING  THE  LTC1043) 


VouT 


CMRR  vs  Frequency 


I 

s 

II 

=  c„  = 

(1 

F 

LTC1047  •  TAOI 


FREQUENCY  OF  COMMON  MODE  SIGNAL 

LTCI047  ■  TPCOI 
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JL.T  UoHNSLoi? 


LTC1047 


rbsoiutc  mnximum  RRTinGs  nom, 

Total  Supply  Voltage  (V+  to  V~)  16V 

Input  Voltage  (Note  2)  (V+  +  0.3V)  to  (V"  -  0.3V) 

Output  Short  Circuit  Duration  Indefinite 

Storage  Temperature  Range  -65°Cto  150°C 


Operating  Temperature  Range 

LTC1047C  0°C  to  70°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  IflFORfTlRTIOn 

ORDER  PART 
NUMBER 

TOP  VIEW 

ORDER  PART 
NUMBER 

TOP  VIEW 

NC  fT 
NC  [T 

Ts\  NC 
15]  NC 

OUT  A  fT 
-IN  A  |T 
+INA  [7 

v-  [T 

TJ  v* 

TJ  OUT  B 
TJ  -INB 
TJ  *INB 

LTC1047CN8 

OUT  A  [7 
-IN  A  [7 
+IN  A  |T 
V"  [T 

nc  LT 

NC  [T 

u\  V* 
13]  OUTB 

n\  -INB 

JJJ  +INB 
10]  NC 
TJ  NC 

LTC1047CS 

N8  PACKAGE 
8-LEAD  PLASTIC  DIP 



LTC1W?  ■  POIOI 

S  PACKAGE 
16-LEAD  PLASTIC  SOL 

LTC1D47-POI02 

€l€CTRICfll  CHRRRCT6RISTICS  Vs  =  ±5V,  TA  =  Operating  Temperature  Range,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Offset  Voltage 

TA  =  25°C  (Note  3) 

±3 

±10 

M-V 

Average  Input  Offset  Voltage  Drift 

(Note  3) 

• 

±0.01 

±0.05 

p.V/°C 

Long  Term  Offset  Drift 

100 

nV/rt  mo. 

Input  Bias  Current 

TA  =  25°C 

• 

±5 

±30 
±300 

pA 
PA 

Input  Offset  Current 

TA  =  25°C 

• 

±10 

±60 
±150 

PA 
PA 

Input  Noise  Voltage 

0.1Hz  to  10Hz 
0.1Hz  tolHz 

3.5 
0.8 

|!Vp-p 
u.Vp-p 

Input  Noise  Current 

f  =  10Hz  (Note  4) 

1.5 

fArtHz 

Common  Mode  Rejection  Ratio 

VCM  =  V-to+2.7V,TA  =  25°C 

• 

110 
105 

130 

dB 
dB 

Power  Supply  Rejection  Ratio 

Vs  =  ±2.375Vto±8V 

• 

105 

122 

dB 

Large  Signal  Voltage  Gain 

RL=  100k,  V0ut  =  ±4V 

• 

120 

150 

dB 

Maximum  Output  Voltage  Swing 

RL  =  10k 
RL=  100k 

• 

+  4.8/-4.9 

+  4.3/-4.8 
±4.95 

V 
V 

Slew  Rate 

RL=  100k,  CL  =  50pF 

0.2 

V/ns 

Gain  Bandwidth  Product 

200 

kHz 

Supply  Current/Amplifier 

No  Load,  25°C  <  TA  <  70°C 
No  Load,  0°C  <  TA  <  25°C 

60 
80 

150 
275 

uA 
HA 

Internal  Sampling  Frequency 

TA  =  25°C 

680 

Hz 
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LTC1047 


The  •  denotes  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  life  of 
the  device  may  be  impaired. 

Note  2:  Connecting  any  terminal  to  voltages  greater  than  V+  or  less  than 
V-  may  cause  destructive 
operating  from  external  s 
LTC1047. 


Note  3:  These  parameters  are  guaranteed  by  design.  Thermocouple 
effects  preclude  measurements  of  these  voltage  levels  in  high  speed 
automatic  test  systems.  Vrjs  is  measured  to  a  limit  determined  by  test 
equipment  capability. 

Note  4:  Current  Noise  is  calculated  from  the  formula:  ln  =  V(2q  •  Ib)  where 
q  =  1.6  x1(T19  Coulomb. 


TEST  CIRCUITS 

Electrical  Characteristics  Test 


± 


OUTPUT 


LTC1047-TC01 


DC-10Hz  Noise  Test  Circuit 


■  OUTPUT 


FOR  1Hz  NOISE  BANDWIDTH,  INCREASE  ALL  CAPACITORS  BY  A  FACTOR  OF  10. 


LTC1M7-TC02 


TYPICAL  P€RFORmflnC€  CHARflCTCRISTICS 

Supply  Current  vs  Supply  Current  vs  Common  Mode  Input  Range  vs 
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LTC1047 


TVPICRL  P€RFORmnnC€  CHRRRCT€RISTICS 

CMRR  vs  Frequency 


'  -12 


Output  Short  Circuit  Current  vs 
Supply  Voltage 


V0UT  =  V- 
'SOURCE 

Is 

UT  =  V< 
NK 

^  

10  12 


16 


TOTAL  SUPPLY  VOLTAGE,  V*  TO  V"  (V) 

LTC1047  •  TPCOS 


Gain,  Phase  vs  Frequency,  ±5V 


100  1k  10k 
FREQUENCY  (Hz) 


100k 


LTCIW7.TPC06 


Sampling  Frequency  vs 
Supply  Voltage 


T 

,=  25°C 

10       12       14  16 
TOTAL  SUPPLY  VOLTAGE,  V*  TO  V"  (V) 

LTC104T  ■  TPCOS 


PSRR  vs  Frequency 


1000 
I  900 


Sampling  Frequency  vs 
Temperature 


-  V 

I 

_  xCW   

-25  0  25  50  75  100  125 
AMBIENT  TEMPERATURE,  TA  (°C) 

LTCIM7  •  TPC10 


Small  Signal  Transient  Response  Large  Signal  Transient  Response  Overload  Recovery 


LTC1047.TPC1I  LTC1M7.TPCI2 
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flppucmions  mFORmnTion 


Input  Considerations 

Frequently  circuits  built  with  parts  as  precise  as  the 
LTC1047  show  errors  at  the  output  far  greater  than  the 
designer  expects.  Rarely  is  the  problem  the  op  amp;  more 
often  the  surrounding  circuitry  is  causing  errors  several 
orders  of  magnitude  greaterthan  those  due  to  the  LTC1 047. 
Such  obscure  effects  as  leakage  between  pins  due  to 
residual  solder  flux  and  thermocouple  effects  between  the 
tin/lead  solder  and  the  copper  PC  board  traces  can  over- 
whelm the  pA-level  bias  currents  and  the  nV-level  offset  of 
the  LTC1047.  For  a  more  complete  description  of  these 
types  of  problems  (and  some  advice  on  avoiding  them), 
seethe  LTC1 051/53 datasheet. 

Input  Capacitance 

The  LTC1047  has  approximately  12pF  of  capacitance  at 
each  input  pin.  This  will  react  with  large  series  resistors  to 
form  a  pole  at  the  input,  degrading  the  LTC1 047's  phase 
margin.  The  problem  is  especially  common  with 
micropower  parts  like  the  LTC1047  because  high  value 
resistors  are  often  used  to  minimize  power  dissipation.  As 


tvpical  nppucnTions 


Low  Offset,  Low  Drift  Instrumentation  Amplifier 


OUTPUT 


CMRR>  120dB 


a  rule  of  thumb,  bypass  feedback  resistors  larger  than  7k 
with  a  20pF  capacitor  to  minimize  this  effect. 

Aliasing 

Like  all  sampled  data  systems,  the  LTC1 047  will  alias  input 
signals  near  its  internal  sampling  frequency.  The  design 
includes  internal  circuitry  to  minimize  this  effect;  as  a 
result,  most  applications  do  not  exhibit  aliasing  problems. 
For  a  complete  discussion  of  the  correction  circuitry  and 
aliasing  behavior,  refer  to  the  LTC1 051/53  data  sheet. 

Single  Supply  Operation 

The  LTC1047  is  compatible  with  all  single  supply  applica- 
tions. It  has  an  input  common  mode  range  which  includes 
V-,  and  an  output  which  will  swing  within  millivolts  of  the 
negative  power  supply.  The  LTC1 047  is  guaranteed  func- 
tional down  to  4.75V  total  supply,  allowing  it  to  run  from 
minimum  TTL  voltage  all  the  way  up  to  1 6V.  See  the  Typical 
Applications  section  for  examples  of  single  supply 
operation. 


Precise  DC  Full  Wave  Rectifier  (Absolute  Value  Circuit) 

220k 

I  Wv  1 


LTC1047-TA04 
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xrunas 
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TVPicm  nppucmions 


4-20mA  Transducer  Amplifier 
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typical  nppucOTions 


Low  Noise  Micropower  Chopper 


0.47m 


+5V  t5V 


ls  =  150mA 
0.1-10Hz  =  95nVp-p 
Av«  10000 


LTC1047  ■  TAOS 


O.IHMOHz  NOISE  {INPUT  REFERRED) 


i 

VS  =  ±5V 
ls  =  1 50|xA 

hit 

100nV 


-100nV 


-200nV 
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TECHNOLOGY 


FCRTURCS 

■  Low  Supply  Current  200>A 

■  No  External  Components  Required 

■  Maximum  Offset  Voltage  10liV 

■  Maximum  Offset  Voltage  Drift  0.1  u.V/°C 

■  Single  Supply  Operation  4.75V  to  1 6V 

■  Input  Common  Mode  Range  Includes  Ground 

■  Output  Swings  to  Ground 

■  Typical  Overload  Recovery  Time  6ms 

flPPUCATIOnS 

■  4mA-20mA  Current  Loops 

■  ThermocoupleAmplifiers 

■  Electronic  Scales 

■  Medical  Instrumentation 

■  Strain  Gauge  Amplifiers 

■  High  Resolution  Data  Acquisition 


 LTC1 049 

Low  Power  Chopper  Stabilized 
Operational  Amplifier  with 
Internal  Capacitors 

DCSCMPTIOn 

The  LTC1 049  is  a  high  performance,  low  power  chopper 
stabilized  operational  amplifier. Thetwosample-and-hold 
capacitors  usually  required  externally  by  other  chopper 
stabilized  amplifiers  are  integrated  on  the  chip.  Further,  the 
LTC1049  offers  superior  DC  and  AC  performance  with  a 
nominal  supply  current  of  only  200uA 

The  LTC1049  has  a  typical  offset  voltage  of  0.5|j.V,  with 
drift  of  0.01  uW°C,  0.1  Hz  to  1 0Hz  input  noise  voltage  of 
3u.Vp-p  and  typical  voltage  gain  of  160dB.  The  slew  rate 
is  0.8V/u.s  with  a  gain  bandwidth  product  of  0.8MHz. 

Overload  recovery  time  from  a  saturation  condition  is 
6ms,  a  significant  improvement  over  chopper  amplifiers 
using  external  capacitors. 

The  LTC1049  is  available  in  a  standard  8-pin  metal  can, 
plastic  and  ceramic  dual  inline  packages  as  well  as  an  8-pin 
SO  package.  The  LTC1 049  can  be  a  plug-in  replacement  for 
most  standard  op  amps  with  improved  DC  performance 
and  substantial  power  savings. 


TYPICAL  RPPUCOTIOn 


Single  Supply  Thermocouple  Amplifier 


Vin  =  5V 


0.068nF 

Hh 

246k 


mo25A  ~UT: 

GND      FT  TYPEK 


LTC 


V0UT  =  0V  TO  4V 
FOR  0°C  TO  400°C 


SUPPLY  CURRENT  =  280n  A 
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nBspLUT€  mnximum  rrtirgs     prckrgc/ordcr  inFORmmion 

Total  Supply  Voltage  (V+  to  V")  18V 

Input  Voltage  (Note  2)  (V+  +  0.3V)  to  (V~  -0.3V) 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range 

LTC1049C  -40°C  to  85°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


— — — — — — —— — — — — 


CLCCTRKRL  CHARACTERISTICS  Vs  =  +5V,  TA  =  operating  temperature  range,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN 

LTC1049C 
TYP 

MAX 

UNITS 

Input  Offset  Voltage 

TA=25°C(Note  3) 

±2 

±10 

nv 

Average  Input  Offset  Drift 

(Note  3) 

• 

±0.02 

±0.1 

nv/°c 

Long  Term  Offset  Voltage  Drift 

50 

nV/Vmo 

Input  Offset  Current 



TA=  25°C 

• 

±30 

±100 
±150 

pA 

Input  Bias  Current 

TA=  25°C 

• 

±15 

±50 
±150 

pA 

Input  Noise  Voltage 

0.1Hzto10Hz 
0.1  Hz  to  1  Hz 

3.0 
1.0 

pVp-p 

Input  Noise  Current 

f=10Hz  (Note  4) 

2.0 

fAA/Hz 

Common  Mode  Rejection  Ratio 

VCM=  V"  to  2.7V 

• 

110 

130 

dB 

Power  Supply  Rejection  Ratio 

Vs=  +2.375V  to  ±8V 

• 

110 

130 

dB 

Large  Signal  Voltage  Gain 

RL=100kQ,V0UT=+4.9V 

• 

130 

160 

dB 

Maximum  Output  Voltage  Swing 

RL=10kQ  TA=25°C 

-4.9/+4.2 

V 

• 

-4.6/+3.2 

RL=100k£2 

• 

±4.9 

±4.97 

Slew  Rate 

RL=10kQ,  CL=50pF 

0.8 

V/u.s 

Gain  Bandwidth  Product 

0.8 

MHz 

Supply  Current 

No  Load  TA=25°C 

200 

300 

HA 

• 

450 

Internal  Sampling  Frequency 

700 

Hz 

NC  E 
-IN  |T 
+IN  |T 

V"  [7 

J8  PACKAG 
8-LEAO  CERAM 

TOPVIEW 

W 

E  N8 
C  DIP  8-LEAD 

TJ  NC 

7]  v+ 

|]  OUT 
J]  NC 

'ACKAGE 
PLASTIC  DIP 

ORDER  PART 
NUMBER 

Liu  1 UiJOJU 

LTC1049CN8 

NC  [T 
-IN  |T 
+IN  |T 

v-[T 

TOP  VIEW 

T]  NC 
JJ  V+ 
J]  OUT 
T]  NC 

LTC1049CS8 

8- 

S8  PACKAGE 
EAD  PLASTIC  SOU 

S8  PART  MARKING 

1049 
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The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the 
life  of  the  device  may  be  impaired. 

Note  2:  Connecting  any  terminal  to  voltages  greater  than  V*  or  less  than 
V"  may  cause  destructive  latch-up.  It  is  recommended  that  no  sources 
operating  from  external  supplies  be  applied  prior  to  power-up  of  the 
LTC1049. 


Note  3:  These  parameters  are  guaranteed  by  design.  Thermocouple 
effects  preclude  measurement  of  these  voltage  levels  in  high  speed 
automatic  test  systems.  Vos  is  measured  to  a  limit  determined  by  test 
equipment  capability. 

Note  4:  Current  Noise  is  calculated  from  the  formula: 

lN  =  V(2aTfb) 
where  q  =  1 .6  x  1 0"19  Coulomb. 


T€ST  CIRCUITS 


Electrical  Characteristics  Test  Circuit 


OUTPUT 


LTC1049-  TCOl 
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TVPICRL  PCRFORflinna  CHRRRCT€RISTICS 


Voltage  Noise  vs  Frequency 


100  Ik  10k 

FREQUENCY  (Hz) 


Common  Mode  Input  Range  vs 
Supply  Voltage 


100k 


LTC1049-TPCOI 


±2    ±3    ±4    ±5     ±6    ±7  ±8 
SUPPLY  VOLTAGE  (V) 

LTC1049  -  TPCOZ 


Gain/Phase  vs  Frequency 


1k       10k  100k 
FREQUENCY  (Hz) 


LTC1049-TPC03 


Supply  Current  vs  Supply  Voltage 


400 
f  340 
I  280 
£  220 


9    10   11    12  13   14  15 


TOTAL  SUPPLY  VOLTAGE  (V) 

LTC1M9  ■  TPCW 


Supply  Current  vs  Temperature 


-50    -25     0      25     50  75 
TEMPERATURE  (°C) 


Output  Short  Circuit  Current  vs 
Supply  Voltage 


TOTAL  SUPPLY  VOLTAGE.  V+  TO  V~(V) 

LTC1W9-TPC06 


3000 


E2500 


Sampling  Frequency  vs 
Supply  Voltage 


4        6        8       10       12       14  16 
TOTAL  SUPPLY  VOLTAGE.  V+  TO  V~(V) 


Sampling  Frequency  vs 
Temperature 


vs  = 

±5V 

-50    -25     0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (°C) 


160 

140 

120 

100 

CO 

or 

80 

ce 

u 

60 

40 

20 

0 

CMRRvs  Frequency 


L 

V 

s 

_  i 

5V 

100  1k 
FREQUENCY  (Hz) 
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LTC1049 


TYPicm  p€RFonmnnc€  cHnRnasmsTics 


Overload  Recovery 
■ 


Small  Signal  Transient  Response  Large  Signal  Transient  Response 


0.2V/DIV 


2  100mV 
OV   -i  STEP 


1Ms/DIV 


0.5ms/D!V 
AV=-100,VS=±5V 


5Ms/DIV 


Av  =  +1.RL=10k.  CL  =  50pF,Vs  =  ±5V 

LTC1049-TPCII 


ITCIMB-TPCIO 


Av  =  +1.RL  =  10k,CL  =  50pF,Vs  =  ±5V 

LTC1M9-TPC1Z 


LTC1049DCto1HzNoise 


NOISE  VOLTAGE 
1|iV/DIV 


JAfvV 

=  ±5V 

1  Hz  NOISE 
IjjV/DIV 


TIME  1 0s/DIV 

LTC1 049  DC  to  1 0Hz  Noise 
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nppucOTions  inFORmnuon 

ACHIEVING  PIC0AMPERE/MICR0V0LT  PERFORMANCE 
Picoamperes 

In  order  to  realize  the  picoampere  level  of  accuracy  of  the 
LTC1 049,  proper  care  must  be  exercised.  Leakage  currents 
in  circuitry  external  to  the  amplifier  can  significantly  de- 
grade performance.  High  quality  insulation  should  be  used 
(e.g.,  Teflon,  Kel-F);  cleaning  of  all  insulating  surfaces 
to  remove  fluxes  and  other  residues  will  probably  be 
necessary  —  particularly  for  high  temperature  perfor- 
mance. Surface  coating  may  be  necessary  to  provide  a 
moisture  barrier  in  high  humidity  environments. 

Board  leakage  can  be  minimized  by  encircling  the  input 
connections  with  a  guard  ring  operated  at  a  potential  close 
to  that  of  the  inputs:  in  inverting  configurations  the  guard 
ring  should  betiedtoground;  in  non-inverting  connections 

circuit  board  is  required.  Bulk  leakage  reduction  depends 
on  the  guard  ring  width. 

Microvolts 

Thermocouple  effects  must  be  considered  if  the  LTC1 049's 
ultra  low  drift  is  to  be  fully  utilized.  Any  connection  of 
dissimilar  metals  forms  a  thermoelectric  junction  produc- 
ing an  electric  potential  which  varies  with  temperature 
(Seebeck  effect).  As  temperature  sensors,  thermocouples 
exploit  this  phenomenon  to  produce  useful  information. 
In  low  drift  amplifier  circuits  the  effect  is  a  primary  source 
of  error. 

Connectors,  switches,  relay  contacts,  sockets,  resistors, 
solder,  and  even  copper  wire  are  all  candidates  for 
thermal  EMF  generation.  Junctions  of  copper  wire  from 
different  manufacturers  can  generate  thermal  EMFs  of 
200nV/°C  —  twice  the  maximum  drift  specification 
of  the  LTC1 049.  The  copper/kovar  junction,  formed  when 
wire  or  printed  circuit  traces  contact  a  package  lead, 
has  a  thermal  EMF  of  approximately  35|iV/°C  —  300 
times  the  maximum  drift  specification  of  the  LTC1049. 

Minimizing  thermal  EMF-induced  errors  is  possible  if 
judicious  attention  is  given  to  circuit  board  layout  and 


component  selection.  It  is  good  practice  to  minimize  the 
number  of  junctions  in  the  amplifier's  input  signal  path. 
Avoid  connectors,  sockets,  switches,  and  relays  where 
possible.  In  instances  where  this  is  not  possible,  attempt 
to  balance  the  number  and  type  of  junctions  so  that 
differential  cancellation  occurs.  Doing  this  may  involve 
deliberately  introducing  junctions  to  offset  unavoidable 
junctions. 

PACKAGE-INDUCED  OFFSET  VOLTAGE 

Package-induced  thermal  EMF  effects  are  another  impor- 
tant source  of  errors.  Itarises  at  the  copper/kovar  junctions 
formed  when  wire  or  printed  circuit  traces  contact  a  pack- 
age lead.  Like  all  the  previously  mentioned  thermal  EMF 
effects,  it  is  outside  the  LTC1 049's  offset  nulling  loop  and 
cannot  be  cancelled.  The  input  offset  voltage  specification 
of  the  LTC1049  is  actually  set  by  the  package-induced 
warm-up  drift  rather  than  by  the  circuit  itself.  The  thermal 
time  constant  ranges  from  0.5  to  3  minutes,  depending  on 
package  type. 

LOW  SUPPLY  OPERATION 

The  minimum  supply  for  proper  operation  of  the  LTC1 049 
is  typically  below  4.0V  (±2.0V).  In  single  supply  applica- 
tions, PSRR  is  guaranteed  down  to  4.7V  (±2.35V)  to  ensure 
proper  operation  down  to  the  minimum  TTL  specified 
voltage  of  4.75V. 

PIN  COMPATIBILITY 

The  LTC1049  is  pin  compatible  with  the  8-pin  versions  of 
7650,  7652  and  other  chopper-stabilized  amplifiers.  The 
7650  and  7652  require  the  use  of  two  external  capacitors 
connected  to  pin  1  and  8  which  are  not  needed  for  the 
LTC1 049.  Pins  1 , 5,  and  8  of  the  LTC1 049  are  not  connected 
internally;  thus  the  LTC1 049  can  be  a  direct  plug  in  forthe 
7650  and  7652  even  if  the  two  capacitors  are  left  on  the 
circuit  board. 
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— 


LTC1049 


Low  Power,  Low  Hold  Step  Sample  and  Hold 


VOUT 


DROOP  <1mV/s 
HOLD  STEP  <20(iV 


=^  mylar  Is^atyp 


Low  Power,  Single  Supply,  Low  Offset  Instrumentation  Amp 

5V 

 I  


2.00k  2.00k  198k 
-VWi — f-VW-f — vw- 


■  VOUT 


GAIN  =  100 
ls  =  400pA 

CMRR  >60dB,  WITH  0.1%  RESISTORS  (RESISTOR  LIMITED) 

LTC1O49-TA06 


Thermocouple  Based  Temperature  to  Frequency  Converter 
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TECHNOLOGY     Dual/Quad  Precision  Chopper 
Stabilized  Operational  Amplifiers  With 

Internal  Capacitors 


F€flTUft€S 


Dual/Quad  Low  Cost  Precision  Op  Amp 

No  External  Components  Required 

Maximum  Offset  Voltage  5/iV 

Maximum  Offset  Voltage  Drift  0.05/tV/oC 

Low  Noise  1.5/iVp.p  (0.1Hz  to  10Hz) 

Minimum  Voltage  Gain,  120dB 

Minimum  PSRR,120dB 

Minimum  CMRR,114dB 

Low  Supply  Current  1mA/Op  Amp 

Single  Supply  Operation  4.75V  to  16V 

Input  Common  Mode  Range  Includes  Ground 

Output  Swings  to  Ground 

Typical  Overload  Recovery  Time  3ms 

Pin  Compatible  with  Industry  Standard  Dual  and  Quad 

Op  Amps 


nppLicnnons 

■  Thermocouple  Amplifiers 

■  Electronic  Scales 

■  Medical  Instrumentation 

■  Strain  Gauge  Amplifiers 

■  High  Resolution  Data  Acquisition 

■  DC  Accurate  R,C  Active  Filters 


DCSCMPTIOO 

The  LTC1051/LTC1053  is  a  high  performance,  low  cost 
dual/quad  chopper  stabilized  operational  amplifier.  The 
unique  achievement  of  the  LTC1051/LTC1053  is  that  it  inte- 
grates on  chip  the  sample-and-hold  capacitors  usually  re- 
quired externally  by  other  chopper  amplifiers.  Further,  the 
LTC1051/LTC1053  offers  better  combined  overall  DC  and 
AC  performance  than  is  available  from  other  chopper  sta- 
bilized amplifiers  with  or  without  internal  sample/hold 
capacitors 

The  LTC1051/LTC1053  has  an  offset  voltage  of  0.5nV,  drift 
of  0.0tyV/°C,  DC  to  10Hz,  input  noise  voltage  typically 
1.5/iVp.p  and  typical  voltage  gain  of  140dB.  The  slew  rate  of 
4V//ts  and  gain  bandwidth  product  of  2.5MHz  are  achieved 
with  only  1  mA  of  supply  current  per  op  amp. 

Overload  recovery  times  from  positive  and  negative 
saturation  conditions  are  1.5ms  and  3ms  respectively, 
about  a  100  or  more  times  improvement  over  chopper  am- 
plifiers using  external  capacitors. 

The  LTC1051  is  available  in  standard  plastic  and  ceramic 
dual  in  line  packages  as  well  as  a  16-pin  SOL  package.  The 
LTC1053  is  available  in  a  standard  14-pin  plastic  package 
and  an  18-pin  SOIC.  The  LTC1051/LTC1053  is  a  plug  in  re- 
placement for  most  standard  dual/quad  op  amps  with  im- 
proved performance. 


typical  nppucRTion 

High  Performance  Low  Cost  Instrumentation  Amplifier 


LTC1051  Noise  Spectrum 


R1=499H.  0.1% 
R2  =  100ka  0.1% 
GAIN  =201 

MEASURED  CMRR  -1200B  AT  DC 

MEASURED  INPUT  Vos  3pV 

MEASURED  INPUT  NOISE  2,<Vp-p  (DC  -  10Hz) 


I  40 


100  1k 
FREQUENCY (Hz) 
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ABsoiuTc  mnximum  rrtiogs 

Total  Supply  Voltage  (V+  toV-)  16.5V 

Input  Voltage  (V+  +  0.3V)  to  (V-  -0.3V) 

Output  Short  Circuit  Duration  Indefinite 


Operating  Temperature  Range 

LTC1051M,  LTC1051AM  -  55°C  to  125°C 

LTC1051C/LTC1053C,  LTC1051AC  -  40°C  to  85°C 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  MFORfflRTIOR 


ORDER 
PART  NUMBER 


LTC1051MJ8 

LTC1051CJ8 

LTC1051CN8 

LTC1051AMJ8 

LTC1051ACJ8 

LTC1051 ACN8 


OUTA^ 

kJ 

u]  OUTD 

13]  -INO 

+  ina[T 

i7|  +IND 

|«- 

io|  +INC 

~  IN  B  [? 

J\  -INC 

OUTB  [7 

]Q  OUTC 

N  PACKAGE 

141EAD  PLASTIC  Dl 

ORDER 
PART  NUMBER 

LTC1053CN 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


LTC1051CS 
LTC1051ACS 


LTC1053CS 


€L€CTRICRL  CHARACTERISTICS  V$  =  ±  5V,  TA  =  operating  temperature  range  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

LTC1051/LTC1053 
MIN     TYP  MAX 

LTC1051A 
MIN     TYP  MAX 

UNITS 

Input  Offset  Voltage 

TA  =  25°C 

±0.5  ±5 

±0.5  ±5 

Average  Input  Offset  Drift 

• 

±0.0  ±0.05 

±0.0  ±0.05 

p.WC 

Long  Term  Offset  Drift 

50 

50 

nV/VMo 

Input  Bias  Current 
LTC1051C/LTC1053C 
LTC1051M 

TA  =  25°C 

• 
• 

±15  ±65 
±135 
±450 

±15  ±50 
±100 
±300 

PA 
pA 
pA 

Input  Offset  Current  (All  Grades) 

TA  =  25°C 

• 

±30  ±125 
±175 

±30  ±100 
±150 

pA 
pA 

Input  Noise  Voltage  (Note  1) 

Rs  =  100S1,  DCtolOHz 
Rs  =  100fi,  DC  to  1  Hz 

1.5 
0.4 

1.5  2 
0.4 

pVp-p 
/iVp.p 

Input  Noise  Current 

f  =  10Hz 

2.2 

2.2 

fA/VHi 

Common  Mode  Rejection  Ratio,  CMRR 

VCM  =  V-to+2.7V,TA  =  25°C 

• 

106  130 
100 

114  130 
110 

dB 
dB 

Differential  CMRR 
LTC1051,  LTC1053(Note2) 

VCM  =  V"to  +  2.7V,  TA  =  25°C 

112 

112 

dB 

Power  Supply  Rejection  Ratio 

Vs=  ±  2.375V  to  ±8V 

• 

116  140 

120  140 

dB 

Large  Signal  Voltage  Gain 

RL  =  10kC,VOUT=  ±4V 

• 

116  160 

120  160 

dB 

Maximum  Output  Voltage  Swing 

RL  =  10k!J 
RL  =  100kn 

• 

±4.5  ±4.85 
±4.5  ±4.95 

±4.7  ±4.85 
±4.95 

V 
V 

Slew  Rate 

RL  =  10kQ,CL  =  50pF 

4 

4 

V/Ps 
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€l€CTMCflL  CHfiRnCT€RISTICS  Vs  =  ±  5 V.  Ta = operating  temperature  range  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

LTC1051WLTC1051/LTC1053 
MIN         TYP  MAX 

UNITS 

Gain  Bandwidth  Product 

2.5 

MHz 

Supply  Current/Op  Amp 

NoLoad,TA=25°C 

• 

1 

2 

2.5 

mA 
mA 

Internal  Sampling  Frequency 

3 

kHz 

Vs = 5 V.  GND,  Ta = operating  temperature  range  unless  otherwise  specified. 

PARAMETER 

CONDITIONS 

LTC1051A/LTC1051/LTC1053 
MIN        TYP  MAX 

UNITS 

Input  Offset  Voltage 

TA  =  25°C 

±0.5 

±5 

eV 

Input  Offset  Drift 

±0.01 

±0.05 

Input  Bias  Current 

TA  =  25°C 

±10 

±50 

PA 

Input  Offset  Current 

TA  =  25°C 

±20 

±80 

PA 

Input  Noise  Voltage 

DCtolOHz 

1.8 

&H 

Supply  Current/Op  Amp 

NoLoad,TA  =  25°C 

• 

1.5 

mA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 
Note  1:  For  guaranteed  r 


Note  2:  Differential  CMRR  for  the  LTC1053  is  measured  between  amplifiers 
A  and  D,  and  amplifiers  B  and  C. 


tcst  cmcui 

Electrical  Characteristics  Test  Circuit 


DC-10Hz  Noise  Test  Circuit 


FOR  1Hz  NOISE  BW  INCREASE  ALL  THE  CAPACITORS  BY  A  FACTOR  OF  10. 


TVPICfiL  P€RFORmniK€  CHnRnCT€RISTICS 


Common  Mode  Input  Range  vs  Sampling  Frequency  vs  Supply  Sampling  Frequency  vs 

Supply  Voltage  Voltage  Temperature 


0     ±1    ±2    ±3    ±4    ±5    ±6   ±7    ±  8  4        6        8        10       12       14       16  -  50    -  25      0       25      50      75     100  125 

SUPPLY  VOLTAGE  (V)  TOTAL  SUPPLY  VOLTAGE,  V  +  TOV"  |V)  AMBIENT  TEMPERATURE.  Ta  (°C) 


2-308 


XTUA91 


LTC1051/LTC1053 


tvpicrl  p€RFonmnnc€  chrrrctcristics 


Supply  Current  vs  Supply  Voltage  Supply  Current  vs  Temperature 

Per  Op  Amp  Per  Op  Amp  Gain/Phase  vs  Frequency 


4        6        8        10       12       14       16  1  10        100        1k        10k       100k  100        1k        10k       100k       1M  10M 

TOTAL  SUPPLY  VOLTAGE,  V  +  TO  V  -  (V)  FREQUENCY  (Hz)  FREQUENCY  (Hz) 


Overload  Recovery  Small  Signal  Transient  Response  Large  Signal  Transient  Response 


LTC1051/LTC1053 


TYPICAL 

LTC1051/LTC1053  DC  to  10Hz  Noise 


nppucnTions  inFonmnnon 

ACHIEVING  PICOAMPERE/MICROVOLT  PERFORMANCE 
Picoamperes 

In  order  to  realize  the  picoampere  level  ot  accuracy  of  the 
LTC1051/LTC1053,  proper  care  must  be  exercised.  Leakage 
currents  in  circuitry  external  to  the  amplifier  can  signif- 
icantly degrade  performance.  High  quality  insulation 
should  be  used  (e.g.,  Teflon,  Kel-F);  cleaning  of  all  insulat- 
ing surfaces  to  remove  fluxes  and  other  residues  will 
probably  be  necessary  —  particularly  for  high  temperature 
performance.  Surface  coating  may  be  necessary  to  pro- 
vide a  moisture  barrier  in  high  humidity  environments. 

Board  leakage  can  be  minimized  by  encircling  the  input 
connections  with  a  guard  ring  operated  at  a  potential 
close  to  that  of  the  inputs:  in  inverting  configurations  the 
guard  ring  should  be  tied  to  ground;  in  non-inverting  con- 
nections to  the  inverting  input.  Guarding  both  sides  of  the 
printed  circuit  board  is  required.  Bulk  leakage  reduction 
depends  on  the  guard  ring  width. 

Microvolts 

Thermocouple  effects  must  be  considered  if  the  LTC1051/ 
LTC1053's  ultra  low  drift  op  amps  are  to  be  fully  utilized. 


Any  connection  of  dissimilar  metals  forms  a  thermoelec- 
tric junction  producing  an  electric  potential  which  varies 
with  temperature  (Seebeck  effect).  As  temperature 
sensors,  thermocouples  exploit  this  phenomenon  to  pro- 
duce useful  information.  In  low  drift  amplifier  circuits  the 
effect  is  a  primary  source  of  error. 

Connectors,  switches,  relay  contacts,  sockets,  resistors, 
solder,  and  even  copper  wire  are  all  candidates  for  thermal 
EMF  generation.  Junctions  of  copper  wire  from  different 
manufacturers  can  generate  thermal  EMFs  of  200nV/°C  - 
4  times  the  maximum  drift  specification  of  the  LTC1051/ 
LTC1053.  The  copper/kovar  junction,  formed  when  wire  or 
printed  circuit  traces  contact  a  package  lead,  has  a  ther- 
mal EMF  of  approximately  35/iV/°C  -  700  times  the  maxi- 
mum drift  specification  of  the  LTC1051/LTC1053. 

Minimizing  thermal  EMF-induced  errors  is  possible  if 
judicious  attention  is  given  to  circuit  board  layout  and 
component  selection.  It  is  good  practice  to  minimize  the 
number  of  juctions  in  the  amplifier's  input  signal  path. 
Avoid  connectors,  sockets,  switches  and  relays  where 
possible.  In  instances  where  this  is  not  possible,  attempt 
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to  balance  the  number  and  type  of  junctions  so  that  dif- 
ferential cancellation  occurs.  Doing  this  may  involve  de- 
liberately introducing  junctions  to  offset  unavoidable 
junctions. 

When  connectors,  switches,  relays  and/or  sockets  are 
necessary  they  should  be  selected  for  low  thermal  EMF 
activity.  The  same  techniques  of  thermally  balancing  and 
coupling  the  matching  junctions  are  effective  in  reducing 
the  thermal  EM  F  errors  of  these  components. 

Resistors  are  another  source  of  thermal  EMF  errors.  Table 
1  shows  the  thermal  EMF  generated  for  different  resistors. 
The  temperature  gradient  across  the  resistor  is  important, 
not  the  ambient  temperature.  There  are  two  junctions 
formed  at  each  end  of  the  resistor  ?nd  if  these  junctions 
are  at  the  same  temperature,  their  thermal  EMFs  will  can- 
cel each  other.  The  termal  EMF  numbers  are  approximate 
and  vary  with  resistor  value.  High  values  give  higher  ther- 
mal EMF. 


Table  1.  Resistor  Thermal  EMF 


Resistor  Type 

Thermal  EMF/°C  Gradient 

Tin  Oxide 

-mV/°C 

Carbon  Composition 

~45<VV/°C 

Metal  Film 

~2QnV7°C 

Wire  Wound 

Evenohm 

-2(iV/°C 

Manganin 

-2^V/°C 

INPUT  BIAS  CURRENT,  CLOCK  FEEDTHROUGH 

At  ambient  temperatures  below  60°C,  the  input  bias  cur- 
rent of  the  LTC1051/LTC1053  op  amps  is  dominated  by  the 
small  amount  of  charge  injection  occurring  during  the 


sampling  and  holding  of  the  op  amps  input  offset  voltage. 
The  average  value  of  the  resulting  current  pulses  is  10pA 
to  15pA  with  sign  convention  shown  in  Figure  1. 

As  the  ambient  temperature  rises,  the  leakage  current  of 
the  input  protection  devices  increases,  while  the  charge 
injection  component  of  the  bias  current,  for  all  practical 
purposes,  stays  constant.  At  elevated  temperatures  (above 
85°C)  the  leakage  current  dominates  and  the  bias  current 
of  both  inputs  assumes  the  same  sign. 


(A)  |B) 


Figure!  LTC1 051  Bias  Current 

The  charge  injection  at  the  op  amp  input  pins  will  cause 
small  output  spikes.  This  phenomenon  is  often  referred  to 
as  "clock  feedthrough"  and  it  can  be  easily  observed 
when  the  closed  loop  gain  exceeds  10V/V,  Figure  2.  The 
magnitude  of  the  clock  feedthrough  is  temperature  in- 
dependent but  it  increases  when  the  closed  loop  gain 
goes  up,  when  the  source  resistance  increases,  and  when 
the  gain  setting  resistors  increase,  Figure  2A,  2B.  It  is  im- 
portant to  note  that  the  output  small  spikes  are  centered 
at  0V  level  and  they  do  not  add  to  the  output  offset  error 
budget.  For  instance,  with  Rs=1MQ,  the  typical  output 
offset  voltage  of  Figure  2C  is  Vos(OuT)=108xIb+  + 
101Vos(in).  A  10pA  bias  current  will  yield  an  output  of 
1mV±100>V.  The  output  clock  feedthrough  can  be  at- 
tenuated by  lowering  the  value  of  the  gain  setting  resis- 
tors, i.e.  R2= 10k,  R1  =  1000,  instead  of  (100k,  1k;  Figure  2). 


R2=  100k 
— — 


iCi 
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Clock  feedthrough  can  also  be  attenuated  by  adding  a  ca- 
pacitor across  the  feedback  resistor  to  limit  the  circuit 
bandwidth 
Figure  3. 


HORIZONTAL:  100/is/DIV 
VERTICAL:  20mV/DIV 


Figure  3.  Adding  a  Feedback  Capacitor 
to  Eliminate  Clock  Feedthrough 


INPUT  CAPACITANCE 

The  input  capacitance  of  the  LTC1051/LTC1053  op  amps  is 
approximately  12pF.  When  the  LTC1051/LTC1053  op  amps 
are  used  with  feedback  factors  approaching  unity,  the 
feedback  resistor  value  should  not  exceed  7kfi  for  indus- 
trial temperature  range  and  5k0  for  military  temperature 
range.  If  a  higher  feedback  resistor  value  is  required, 
a  feedback  capacitor  of  20pF  should  be  placed  across 
the  feedback  resistor.  Note  that  the  most  common  cir- 
cuits with  feedback  factors  approaching  unity  are  unity 
gain  followers  and  instrumentation  amplifier  front  ends, 
Figure  4. 

LTC1051/LTC1053  AS  AC  AMPLIFIERS 

Although  initially  chopper  stabilized  op  amps  were  de- 
signed to  minimize  DC  offsets  and  offset  drifts,  the 
LTC1051/LTC1053  family,  on  top  of  its  outstanding  DC 
characteristics,  presents  efficient  AC  performance.  For  in- 
stance, at  single  +5V  supply,  each  op  amp  typically  con- 


sumes 0.5mA  and  still  provides  1.8MHz  gain  bandwidth 
product  and  3V//iS  slew  rate.  This,  combined  with  almost 
distortionless  swing  to  the  supply  rails,  Figure  8,  makes 
the  LTC1051/LTC1053  op  amps  nearly  general  purpose.  To 
further  expand  this  idea,  the  "aliasing"  phenomenon, 
which  could  occur  under  AC  conditions,  should  be  de- 
scribed and  properly  evaluated. 

ALIASING 

The  LTC1051/LTC1053  are  equipped  with  internal  circuitry 
to  minimize  aliasing.  Aliasing,  no  matter  how  small,  oc- 
curs when  the  input  signal  approaches  and  exceeds  the 
internal  clock  frequency.  Aliasing  is  caused  by  the  sam- 
pled data  nature  of  the  chopper  op  amps.  A  generalized 
study  of  this  phenomenon  is  beyond  the  scope  of  a  data- 
sheet, however,  a  set  of  rules  of  thumb  can  answer  many 
questions. 

1.  Alias  signals  can  be  generally  defined  as  output  AC 
signals  at  a  frequency  of  nfcLK  ±  mf in-  The  nfcLK  term  is 
the  internal  sampling  frequency  of  the  chopper 
stabilized  op  amps,  and  its  harmonics,  mfiN  is  the  fre- 
quency of  the  input  signal  and  its  harmonics,  if  any. 

2.  If  we  arbitrarily  accept  that  "aliasing"  occurs  when  out- 
put alias  signals  reach  an  amplitude  of  0.01%  or  more 
of  the  output  signal,  then:  The  approximate  minimum 
frequency  of  an  AC  input  signal  which  will  cause  alias- 
ing is  equal  to  the  internal  clock  frequency  multiplied 
by  the  square  root  of  the  op  amp  feedback  factor.  For 
instance,  with  closed  loop  gain  of  -10,  the  feedback 
factor  is  1/11,  and  if  fcLK=2.6kHz,  alias  signals  can  be 
detected  when  the  frequency  of  the  input  signal  ex- 
ceeds 750Hz  to  800Hz,  Figure  5A. 

R2<7k8,IFR1>>R2 


Figure  4.  Operating  the  LTC1051  with 
Feedback  Factors  Approaching  Unity 
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3.  The  number  of  alias  signals  increases  when  the  input 
signal  frequency  increases,  Figure  5B. 

4.  When  the  frequency,  f in,  of  the  input  signal  is  less  than 
fdOCK,  the  alias  signal(s)  amplitude(s)  directly  scale 
with  the  amplitude  of  the  incoming  signal.  The  output 
"signal  to  alias  ratio"  cannot  be  increased  by  just 
boosting  the  input  signal  amplitude.  However,  when  the 
input  AC  signal  frequency  well  exceeds  the  clock  fre- 
quency, the  amplitude  of  the  alias  signals  does  not 
directly  scale  with  the  input  amplitude.  The  "signal  to 
alias  ratio"  increases  when  the  output  swings  closely 
to  the  rails,  Figures  5B,  7.  It  is  important  to  note  that  the 


PANGE'   9  <IBV 


STATUS'  PAUSES 
BnS'25  


LTC1051/LTC1053  op  amps  under  light  loads  (Rl>1(M) 
swing  closely  to  the  supply  rails  without  generating 
harmonic  distortion,  Figure  8. 

For  unity  gain  inverting  configuration,  all  the  alias  fre- 
quencies are  80dB  to  84dB  down  from  the  output 
signal,  Figures  6A,  6B.  Combined  with  excellent  THD 
under  wide  swing,  the  LTC1051/LTC1053  op  amps  make 
efficient  unity  gain  inverters. 

For  gain  higher  than  - 1,  the  "signal  to  alias"  ratio  de- 
creases at  an  approximate  rate  of  -6dB  per  decade  of 
closed  loop  gain  Figure  8. 
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Figure  5A.  Output  Voltage  Spectrum  of  1/2  LTC1051  Operating  as  an  Inverting  Amplifier  with  Gain  of  10, 
and  Amplifying  a  750Hz,  800mV  Input  AC  Signal. 
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CENTER:    10  000  BU:    95.485  Hz 
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Figure  SB.  Same  as  Figure  SA,  but  the  AC  Input  Signal  is  900mV,  10kHz 
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6.  For  closed  loop  gains  of  - 10  or  higher,  the  "signal  to 
alias"  ratio  degrades  when  the  value  of  the  feedback 
gain  setting  resistor  increases  beyond  5(M.  For  in- 
stance, the  68dB  value  of  Figure  7,  decreases  to  56dB  if 
a  (1kfl,  10(M)  resistor  set  will  be  used  to  set  the  gain 
of -100. 

7.  When  the  LTC1051/LTC1053  are  used  as  non-inverting 
amplifiers  all  the  previous  approximate  rules  of  thumb 


apply  with  the  following  exceptions:  When  the  closed 
loop  gain  is  +10(V/V)  and  below,  the  "signal  to  alias" 
ratio  is  1dB  to  3dB  less  than  the  inverting  case.  When 
the  closed  loop  gain  is  100(V/V)  the  degradation  can  be 
up  to  9dB,  especially  when  the  input  signal  is  much 
higher  than  the  clock  frequency  (i.e.  f|N  =  10kHz). 

8.  The  signal/alias  ratio  performance  improves  when  the  op 
amp  has  bandlimited  loop  gain. 
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ALIAS  I 
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Figure  6A.  Output  Voltage  Spectrum  of  1(2  LTC1051  Operating  as  a  Unity  Gain  Inverting  Amplifier. 
Vs  =  ±  5V,  RL  =  10k,  CL  =  50pF,  V,N  =  8Vp-p,  2.685kHz. 
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Figure  6B.  Output  Voltage  Spectrum  of  1/2  LTC1051,  Operating  as  a  Unity  Gain  Inverting  Amplifier. 
VS  =  ±  5V,  RL = 10k,  CL  =  50pF,  V,N = 8Vp-p,  10kHz. 
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Figure  7.  Output  Voltage  Spectrum  of  1/2  LTC1051  Operating  as  an  Inverting  Amplifier  with  a  Gain  of  - 100  and  Amplifying  a  90mVp-p, 
10kHz  Input  Signal.  With  a  9Vp-p  Output  Swing  the  Measured  2nd  Harmonic  (20kHz)  was  75  Down  from  the  10kHz  Input  Signal. 
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Figure  8.  Output  Voltage  Swing  vs  Load 


Figure  9.  Signal  to  Alias  Ratio  vs  Closed  Loop  Gain 
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Obtaining  Ultra-Low  Vos  Drift  and  Low  Noise 


The  dual  chopper  op  amp  buffers  the  inputs  of  A,  and  cor- 
rects its  offset  voltage  and  offset  voltage  drift.  With  the  shown 
R,C  values,  the  power  up  warm  up  time  is  typically  20s.  The 
step  response  of  the  composite  amplifier  does  not  present 
settling  tails.  The  LT1007  should  be  used  when  extremely  low 
noise,  Vos  and  Vos  drift  are  sought  when  the  input  source 
resistance  is  low.  (For  instance  a  35012  strain  gauge  bridge.) 
The  LT1012  or  equivalent  should  be  used  when  low  bias  cur- 
rent (100pA)  is  also  required  in  conjunction  with  DC  to  10Hz 
low  noise,  and  low  Vos  and  Vos  drift.  The  measured  typical 
input  offset  voltages  were  less  than  2^V. 


A1 

R1 

R2 

R3 

R4 

R5 

C1 

C2 

e0UT(DC-1Hz)" 

eOUT(DC-10Hz)" 

LT1007 

3k 

2k 

340k 

10k 

100k 

O.OVF 

0.00VF 

0.1/iVp-p 

0.15^Vp-p 

LT1012- 

750'.: 

57!! 

250k 

10k 

100k 

O.OVF 

0.O0VF 

0.3»/Vp-p 

0.4/iVp-p 

"Interchange  connections(A)and®. 

'Noise  measured  in  a  10  sec.  window.  Peak-to-peak  noise  was  also  measured  for  10  continuous  minutes:  With  the  LT1007  op  amp  the  recorded  noise  was 
0.2/<Vp-p  for  both  DC-1  Hz  and  DC-10Hz. 


LTC1051/LT1007  Peak-to-Peak  Noise 


VS=+5V 

DC  T0 1  Hz 
NOISE 

DC  TO  10Hz 
NOISE 

1  SEC/DIV 
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Paralleling  Choppers  to  Improve  Noise 


R2 


Differential  Voltage  to  Current  Converter 


•l0UTMAX.  =  1mA 


2-317 


LTC1051/LTC1Q53 


flPPUCATIOn  CIRCUITS 


Multiplexed  Differential  Thermometer 


100Si 


255k 


0.068fjF 


-O  ABSOLUTE  TEMPERATURE 


-O  ABSOLUTE  TEMPERATURE 
10k 


Tref 


ALL  FIXED  RESISTORS  ARE  1%  METAL  FILM 
OUTPUT  =  Tref  -  T1  OR  Tref  -  T2  (10mV  PER  °C) 
ACCURACY  =  (±0.1  %  FROM  25°C  TO  150»C) 


Six  Decade  Log  Amplifier 


Vout=LOGV|N-2V 


Q1:  TEL  LAB  TYPE  081 

ADJUST  2M  POR.  FOR  NON-LINEARITIES 
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Dual  Instrumentation  Amplifier 


Linearized  Platinum  Signal  Conditioner 

  250k-  (LINEARITY  CORRECTION  LOOP) 


FOR  OV  OUT  SET  SENSOR  TO  100'C  VALUE 

ADJUST  GAIN  FOR  1 ,000V  OUT  SET  SENSOR 

TO  400=C  VALUE.  ADJUST  LINEARITY  FOR  4  000V  OUT 

REPEAT  AS  REQUIRED  FOR  MORE  INFORMATION  REFER  TO  AN3. 
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DC  Accurate,  3rd  Order,  100Hz,  Butterworth  Antialiasing  Filter 


Dynamic  Range 


V|N  VW 


WIDEBAND  NOISE 9Mms 
THD  +  NOISE=0.0012%JVrms<Vin<2Vrms,Vs=±8V 
Vos(OUT1<5»V 


120d8 


DC  Accurate,  18-Bit  4th  Order  Antialiasing  Bessel  (Linear  Phase),  100Hz,  Lowpass  Filter 


WIDEBAND  RMS  NOISE  4.5,Vrms 

THD+ NOISE  =0.0005%  ( =  106dB  DYN.  RANGE),  2Vrms  £  ViN  <3Vrms 
VosOUT<10MV 


VOUT 


Dynamic  Range 


0.0001 

0 


's  =  +5V 

Vs  =  +8V 

V|N(VRMS),t!N-30HZ 


60dB 


100dB 


120dB 
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F€RTUR€S 

■  High  Voltage  Operation,  ±18V 

■  No  External  Components  Required 

■  Maximum  Offset  Voltage  5u.V 

■  Maximum  Offset  Voltage  Drift  0.05u.V/°C 

■  Low  Noise  1 .8^Vp-p  (0.1  Hz  to  1 0Hz) 

■  Minimum  Voltage  Gain  140dB 

■  MinimumPSRR120dB 

■  MinimumCMRR120dB 

■  Low  Supply  Current  0.8mA 

■  Single  Supply  Operation  4.75V  to  36V 

■  Input  Common  Mode  Range  Includes  Ground 

■  200u.A  Supply  Current  with  Pin  1  Grounded 

■  Typical  Overload  Recovery  Time  20ms 

applications 

■  Strain  Gauge  Amplifiers 

■  Electronic  Scales 

■  Medical  Instrumentation 

■  Thermocouple  Amplifiers 

■  High  Resolution  Data  Acquisition 


 LTC1150 

±15V  Chopper  Stabilized 
Operational  Amplifier  with 
Internal  Capacitors 

DCSCRIPTIOfl 

The  LTC1 1 50  is  a  high-voltage,  high-performance  chopper 
stabilized  operational  amplifier.  The  two  sample-and-hold 
capacitors  usually  required  externally  by  other  chopper 
amplifiers  are  integrated  on-chip.  Further,  LTC's  proprietary 
high-voltage  CMOS  structures  allow  the  LTC1 1 50  to  operate 
at  up  to  36V  total  supply  voltage. 

The  LTC1 1 50  has  an  offset  voltage  of  0.5u.V,  drift  of 
0.01  u.V/°C,  0.1  Hz  to  1 0Hz  input  noise  voltage  of  1 .8u.Vp- 
p  and  a  typical  voltage  gain  of  1 80dB.  The  slew  rate  of  3V/ 
u,s  and  a  gain  bandwidth  product  of  2.5MHz  are  achieved 
with  0.8mA  of  supply  current.  Overload  recovery  times 
from  positive  and  negative  saturation  conditions  are  3ms 
and  20ms,  respectively. 

Forapplications  demanding  lowpowerconsumption,  pin  1 
can  be  used  to  program  the  supply  current.  Pin  5  is  an  optional 
AC-coupled  clock  input,  useful  for  synchronization. 

The  LTC1150  is  available  in  a  standard  8-lead  metal  can, 
plastic  and  ceramic  dual  in  line  packages.aswellasan 
8-lead  S08  package.  The  LTC1 1 50  can  be  a  plug-in  replace- 
ment for  most  standard  bipolar  op  amps  with  significant 
improvement  in  DC  performance. 


TYPICAL  RPPUCRTIOn 

Single  Supply  Instrumentation  Amplifier 


VOUT 

GAIN  =  1000V/V 
OUTPUT  OFFSET  <  5mV 
TOTAL  SUPPLY  CURRENT  DECREASES 
TO  400|jAWHEN  BOTH  PIN  Is 
ARE  GROUNDED 

LTCI150-TA01 


Noise  Spectrum 


100  1k  10k 

FREQUENCY  (Hz) 


XTUTBB 
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absolute  mnximum  nnnnGs 

(Notel) 

Total  Supply  Voltage  (V+  to  V")  36V 

Input  Voltage  (Note  2)  (V++0.3V)  to  (V-0.3V) 

Output  Short  Circuit  Duration  Indefinite 

Burn-In  Voltage  36V 

Operating  Temperature  Range 

LTC1150M  -55°C  to125°C 

LTC1150C  -40°C  to  85°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORflMTIOn 


TOP  VIEW 

ORDER  PART 
NUMBER 

■supply  LT 
-m\T 
♦  IN  fT 

v-  |T 

|]  CLOCK  OUT 

|]  OUT 

11  EXT  CLOCK 
IN 

LTC1150MJ8 
LTC1150CJ8 
LTC1150CN8 

J8  PACKAGE             N8  PACKAGE 
8-LEAD  CERAMIC  DIP   8-LEAD  PLASTIC  DIP 

TOP  VIEW 

LTC1150CS8 

'supply 

-  in  |T> 

T\  CLOCK  OUT 

7]  v* 

T|  OUT 

+  IN  QJ 

S8  PART  MARKING 

v-QJ 

H  EXT  CLOCK 
IN 

1150 

8 

S8 
LEAD 

PUSTOSOIC 
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Vs  =  +15V,  Pin  1  =  Open,  TA  =  Operating  Temperature  Range,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

LTC1150M 
MIN       TYP  MAX 

LTC1150C 
MIN       TYP  MAX 

UNITS 

Input  Offset  Voltage 

TA=25°C(Note3) 

±0.5  ±5 

±0.5  ±5 

U.V 

Average  Input  Offset  Drift 

(Note  3) 

• 

±0.01  ±0.05 

±0.01  ±0.05 

pV/°C 

Long  Term  Offset  Voltage  Drift 

50 

50 

nV/Vmo 

Input  Offset  Current 

TA=25°C 

• 

±20  ±60 
±1.5 

±20  ±200 
±0.5 

PA 
nA 

Input  Bias  Current 

TA  =  25°C 

• 

±10  ±50 

±2.5 

±10  ±100 
±0.5 

PA 
nA 

Input  Noise  Voltage 

Rs  =  100O,  0.1Hz  to  10Hz,  TC2 

1.8 

1.8 

u.Vp-p 

Rs=100n,  0.1  Hz  to  1  Hz,  TC2 

0.6 

0.6 

Input  Noise  Current 

f  =  10Hz  (Note  4) 

1.8 

1.8 

fA/VHz 

Common-Mode  Rejection  Ratio 

VCM  =  V-to12V 

• 

110  130 

110  130 

dB 

Power  Supply  Rejection  Ratio 

Vs  =  ±2.375Vto±16V 

• 

120  145 

120  145 

dB 

Large  Signal  Voltage  Gain 

RL=10kQ,  VOUT  =  ±10V 

• 

140  180 

140  180 

dB 

Maximum  Output  Voltage  Swing 

RL=10kn                TA  =  25°C 

±13.5  ±14.5 

±13.5  ±14.5 

V 

RL  =  10kQ 

• 

+  10.5/ 
-13.5 

+  10.5/ 
-13.5 

RL  =  100kO 

±14.95 

±14.95 

Slew  Rate 

RL=10kQ.  CL  =  50pF 

3 

3 

V/ps 

Gain  Bandwidth  Product 

2.5 

2.5 

MHz 

Supply  Current 

No  Load  TA=25°C 

0.8  1.0 

0.8  1.5 

mA 

No  Load,  Pin  1  =  V"  TA=25°C 

0.2 

0.2 

No  Load 

• 

1.5 

2 

Internal  Sampling  Frequency 

550 

550 

Hz 
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Vs  =  5V,  Pin  1  =  Open,  TA  =  Operating  Temperature  Range,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

LTC1150M 
MIN       TYP  MAX 

LTC1150C 
MIN       TYP  MAX 

UNITS 

Input  Offset  Voltage 

lA  =  ^0  v  (Note  J) 

±0.5  ±5 

+  0.05  ±5 

M.V 

Average  Input  Offset  Drift 

(Note  o) 

±0.01  +0.05 

±0.01  ±0.05 

nv/°c 

Long  Term  Offset  Voltage  Drift 

50 

50 

nV/Vmo 

Input  Offset  Current 

Ta  =  25°C 

• 

±10  ±30 
±100 

±10  ±60 
±1UU 

pA 

Input  Bias  Current 

TA=25°C 

• 

±5  ±15 
±400 

±5  ±30 
±100 

pA 

Input  Noise  Voltage 

Rs  =  100£2,  0.1  Hz  to  10Hz,  TC2 

2.0 

2.0 

u.Vp-p 

RS=100Q,  0.1  Hz  to  1  Hz,  TC2 

0.7 

0.7 

Input  Noise  Current 

f  =  10Hz(Note4) 

1.3 

1 .3 

fA/VHz 

Common-Mode  Rejection  Ratio 

VCM  =  OV  to  2.7V 

• 

110 

110 

dB 

Power  Supply  Rejection  Ratio 

Vs  =  ±2.375Vto  ±16V 

• 

130  145 

125  145 

dB 

Large  Signal  Voltage  Gain 

RL=10kn.  VOUT=0.3Vto  4.5V 

• 

130  180 

130  180 

dB 

Maximum  Output  Voltage  Swing 

RL=10k£J 

0.15-4.85 

0.15-4.85 

V 

RL=100kf2 

0.02-4.97 

0.02-4.97 

Slew  Rate 

RL=  10k<>,  CL=  50pF 

1.5 

1.5 

V/|is 

Gain  Bandwidth  Product 

1.8 

1.8 

MHz 

Supply  Current 

No  Load               TA  =  25°C 

• 

0.4  1 
1.5 

0.4  1 

1.5 

mA 

Internal  Sampling  Frequency 

300 

300 

Hz 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  life  of 
the  device  may  be  impaired. 

Note  2:  Connecting  any  terminal  to  voltages  greater  than  V+  or  less  than 
V"  may  cause  destructive  latch-up.  It  is  recommended  that  no  sources 
operating  from  external  supplies  be  applied  prior  to  power-up  of  the 
LTC1150. 


Note  3:  These  parameters  are  guaranteed  by  design.  Thermocouple 
effects  preclude  measurement  of  these  voltage  levels  in  high-speed 
automatic  test  systems.  Vos  is  measured  to  a  limit  determined  by  test 
equipment  capability. 

Note  4:  Current  Noise  is  calculated  from  the  formula: 

lN  =  V(2qM|J 
where  q  =  1 .6  x  10"19  Coulomb. 


T€ST  CIRCUITS 

Offset  Voltage  Test  Circuit 


DC-10Hz  Noise  Test  Circuit 


158k  316k 

■vw 


I  I  ft- 

FOR  1Hz  NOISE  BW.  INCREASE  ALL  THE  CAPACITORS  BY  A  FACTOR  OF  10. 


RECORDER 


LTCllW-TCW 
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Supply  Current  vs  Supply  Voltage  Supply  Current  vs  Temperature 
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a. 
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UJ 

CC 
DC 
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Gain/Phase  vs  Frequency 


AMBIENT  TEMPERATURE  (°C) 


5 


5 

o 


1 


Output  Short  Circuit  Current  vs 
Supply  Voltage 

T.=  25°C  ' 


Supply  Current  vs  Rset 


Gain/Phase  vs  Frequency 


12    16    20  24 


TOTAL  SUPPLY  VOLTAGE,  V+  TO  V"  (V) 
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Large  Signal  Transient  Response, 
Large  Signal  Transient  Response  Pin  1  =  V~  Small  Signal  Transient  Response 


Small  Signal  Transient  Response,  Overload  Recovery  from  Overload  Recovery  from 

Pin  1  =  V"  Negative  Saturation  Positive  Saturation 


PIN  1  -  V~  LTCMWTPCZI  LTCH50 •  TPC33 

LTC1 150  ■  TPClfl 
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1)  8-Pin  Packages 

Pin  1-  Supply  Current  Programming.  The  supply  current 
can  be  programmed  through  pin  1 .  When  pin  1  is  left  open 
or  tied  to  +VS,  the  supply  current  defaults  to  800uA  Tying 
a  resistor  between  pin  1  and  pin  4,  the  negative  supply  pin, 
will  reduce  the  supply  current.  The  supply  current,  as  a 
function  of  the  resistor  value,  is  shown  in  Typical  Perfor- 
mance Characteristics. 

Pin  2-  Inverting  Input. 

Pin 3 -Non-Inverting  Input. 

Pin  4  -  Negative  Supply. 

Pin  5  -  Optional  External  Clock  Input.  The  LTC1 1 50  has  an 
internal  oscillator  to  control  the  circuit  operation  of  the 
amplifier  if  pin  5  is  left  open  or  biased  at  any  DC  voltage  in 
the  supply  voltage  range.  When  an  external  clock  is 


desirable  it  can  be  applied  to  pin  5.  The  applied  clock  is  AC- 
coupled  to  the  internal  circuitry  to  simplified  interface 
requirements.  Theamplitude  of  clock  input  signal  needsto 
be  greater  than  2V  and  the  voltage  level  has  to  be  within  the 
supply  voltage  range.  Duty  cycle  is  not  critical.  The  internal 
chopping  frequency  is  the  external  clock  frequency  di- 
vided by  four.  When  frequency  of  the  external  clock  falls 
below  100Hz  (internal  chopping  at  25Hz),  the  internal 
oscillator  takes  over  and  the  circuit  chops  at  550Hz. 

Pin  6  -  Output. 

Pin  7  -  Positive  Supply. 

Pin  8  -  Clock  Output.  The  signal  coming  out  of  this  pin  is 
at  the  internal  oscillator  frequency  of  about  2.2kHz  (four 
times  the  chopping  frequency)  and  has  voltage  levels  at  Vh 
=  +Vs  and  VL  =  Vs  -4.6V.  If  the  circuit  is  driven  by  an 
external  clock,  pin  8  is  pulled  up  to  +VS. 
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ACHIEVING  I 
Picoamperes 

In  order  to  realize  the  picoampere  level  of  accuracy  of  the 
LTC1150,  proper  care  must  be  exercised.  Leakage  cur- 
rents in  circuitry  external  to  the  amplifier  can  significantly 
degrade  performance.  High  quality  insulation  should  be 
used  (e.g.,  Teflon,  Kel-F);  cleaning  of  all  insulating  sur- 
faces to  remove  fluxes  and  other  residues  will  probably  be 
necessary- particularly  for  high  temperature  performance. 
Surface  coating  may  be  necessary  to  provide  a  moisture 
barrier  in  high  humidity  environments. 

Board  leakage  can  be  minimized  by  encircling  the  input 
connections  with  a  guard  ring  operated  at  a  potential  close 
to  that  of  the  inputs:  in  inverting  configurations  the  guard 
ring  should  be  tied  to  ground;  in  non-inverting  connec- 
tions to  the  inverting  input.  Guarding  both  sides  of  the 
printed  circuit  board  is  required.  Bulk  leakage  reduction 
depends  on  the  guard  ring  width. 


Thermocouple  effects  must  be  considered  if  the  LTC1 1 50's 
ultra  low  drift  is  to  be  fully  utilized.  Any  connection  of 
dissimilar  metalsforms  a  thermoelectric  junction  produc- 
ing an  electric  potential  which  varies  with  temperature 
(Seebeckeffect).  As  temperature  sensors,  thermocouples 
exploit  this  phenomenon  to  produce  useful  information.  In 
low  drift  amplifier  circuits  the  effect  if  a  primary  source  of 
error. 

Connectors,  switches,  relay  contacts,  sockets,  resistors, 
solder,  and  even  copper  wire  are  all  candidates  for  thermal 
EMF  generation.  Junctions  of  copper  wire  from  different 
manufacturers  can  generate  thermal  EMFs  of  200nV/°C— 
fourtimesthe  maximum  drift  specification  of  the  LTC1 1 50. 
The  copper/kovar  junction,  formed  when  wire  or  printed 
circuit  traces  contact  a  package  lead,  has  a  thermal  EMF  of 
approximately  35u.V/°C  —  700  times  the  maximum  drift 
specification  of  the  LTC1150. 

Minimizing  thermal  EMF-induced  errors  is  possible  if 
judicious  attention  is  given  to  circuit  board  layout  and 
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component  selection.  It  is  good  practice  to  minimize  the 
number  of  junctions  in  the  amplifier's  input  signal  path. 
Avoid  connectors,  sockets,  switches,  and  relays  where 
possible.  In  instances  where  this  is  not  possible,  attemptto 
balancethenumberandtype  of  junctions  sothatdifferential 
cancellation  occurs.  Doing  this  may  involve  deliberately 
introducing  junctions  to  offset  unavoidable  junctions. 

Figure  1  is  an  example  of  the  introduction  of  an  unneces- 
sary resistor  to  promote  differential  thermal  balance. 
Maintaining  compensating  junctions  in  close  physical 
proximity  will  keep  them  at  the  same  temperature  and 
reduce  thermal  EMF  errors. 


NOMINALLY  UNNECESSARY 

RESISTOR  USED  TO  LEAD  WIRE/SOLDER 


Figure  1 .  Extra  Resistors  Cancel  Thermal  EMF 

When  connectors,  switches,  relays  and/or  sockets  are 
necessary  they  should  be  selected  for  low  thermal  EMF 
activity.  The  same  techniques  of  thermally-balancing  and 
coupling  the  matching  junctions  are  effective  in  reducing 
the  thermal  EMF  errors  of  these  components. 

Resistors  are  another  source  of  thermal  EMF  errors.  Table 
1  shows  the  thermal  EMF  generated  for  different  resistors. 
The  temperature  gradient  across  the  resistor  is  important, 
not  the  ambient  temperature.  There  are  two  junctions 
formed  at  each  end  of  the  resistorand  if  these  junctionsare 
at  the  same  temperature,  their  thermal  EMFs  will  cancel 
each  other.  The  thermal  EMF  numbers  are  approximate 
and  vary  with  resistor  value.  High  values  give  higher 
thermal  EMF. 


Table  1.  Resistor  Thermal  EMF 


Resistor  Type 

Thermal  EMF/  C  Gradient 

Tin  Oxide 

~mV/°C 

Carbon  Composition 

-450u.V/°C 

Metal  Film 

~20uV/°C 

Wire  Wound 

Evenohm 

~2u.V/°C 

Manganin 

~2u.V/°C 

PACKAGE-INDUCED  OFFSET  VOLTAGE 


Package-induced  thermal  EMF  effects  are  another  impor- 
tant source  of  errors.  It  arises  at  the  copper/kovar  junc- 
tions formed  when  wire  or  printed  circuit  traces  contact  a 
package  lead.  Like  all  the  previously  mentioned  thermal 
EMF  effects,  it  is  outside  the  LTC1 1 50's  offset  nulling  loop 
and  cannot  be  cancelled.  Metal  can  H  packages  exhibit  the 
worst  warm-up  drift.  The  input  offset  voltage  specification 
of  the  LTC1150  is  actually  set  by  the  package-induced 
warm-up  drift  rather  than  by  the  circuit  itself.  The  thermal 
time  constant  ranges  from  0.5  to  3  minutes,  depending  on 
package  type. 

ALIASING 

Like  all  sampled  data  systems,  the  LTC1150  exhibits 
aliasing  behavior  at  input  frequencies  near  the  sampling 
frequency.  The  LTC1150  includes  a  high-frequency  cor- 
rection loop  which  minimizes  this  effect;  as  a  result, 
aliasing  is  not  a  problem  for  most  applications. 

For  a  complete  discussion  of  the  correction  circuitry  and 
aliasing  behavior,  please  refer  to  the  LTC1 051/53  data 
sheet. 

SYNCHRONIZATION  OF  MULTIPLE  LTC1150's 

When  synchronization  of  several  LTC1 1 50's  is  required, 
one  of  the  LTC1 1 50's  can  be  used  to  provide  the  "master" 
clock  to  control  over  1 00  "slave"  LTC1 1 50's.  The  master 
clock,  coming  from  pin  8  of  the  master  LTC1150,  can 
directly  drive  pin  5  of  the  slaves.  Note  that  pin  8  of  the  slave 
LTC1150's  will  be  pulled  up  to  +VS. 

If  all  the  LTC1 1 50's  are  to  be  synchronized  with  an  external 
clock,  then  the  external  clock  should  drive  pin  5  of  all  the 
LTC1150's. 
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LEVEL  SHIFTING  THE  CLOCK 

Level  shifting  is  needed  if  the  clock  output  of  the  LTC1 1 50 
in  +15V  operation  must  interface  to  regular  +5V  logic 
circuits.  Figures  2  and  3  show  some  typical  level  shifting 
circuits. 

When  operated  from  a  single  +5V  or  ±5V  supplies,  the 
LTC1150  clock  output  at  pin  8  can  interface  to  TTL  or 
CMOS  inputs  directly. 


LOW  SUPPLY  OPERATION 

The  minimum  supply  for  proper  operation  of  the  LTC1 1 50 
is  typically  below  4.0V  (±2.0V).  In  single  supply  applica- 
tions, PSRR  is  guaranteed  down  to  4.7V  (±2.35V)  to 
ensure  proper  operation  down  to  the  minimum  TTL  speci- 
fied voltage  of  4.75V. 


LTC1  ISO  -  1MB 

Figure  2.  Output  Level  Shift  (Option  1) 


£10k 

Jwv 

LOGIC 

CIRCUIT 

L 

GND  LTC1150-TAM 

Figure  3.  Output  Level  Shift  (Option  2) 
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Low  Level  Photodectector 


Ground  Force  Reference 


LTC1ISO-TA08 


APPLICATION:  TO  FORCE  TWO  GROUND  POINTS  IN  A  SYSTEM  WITHIN  5MV. 
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Paralleling  to  Improve  Noise 
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SECTION  3— INSTRUMENTATION 


SELECTION  GUIDE  3-3 

PROPRIETARY  PRODUCTS 

LTC1100,  Precision,  Zero  Drift  Instrumentation  Amplifier  3-4 

LT1101,  Precision,  Mi  empower.  Single  Supply  Instrumentation  Amplifier  (Fixed  Gain  =  10  or  100)  3-11 

L  T1 102,  High  Speed,  Precision,  JFET  Input  Instrumentation  Amplifier  (Fixed  Gain  =  10  or  100)  3-23 

LT1193,  Video  Difference  Amplifier,  Adjustable  Gain  2-159 

LT1194,  Video  Difference  Amplifier,  Gain  of  10  2-171 


Instrumentation  Amps 


Micropower  Single  Supply 
LT1101 

AM/AI/AC 

M/l/C 

S 

Fixed  Gains  Available 

10,100 

10,100 

10,100 

Max  Gain  Error 

0.040% 

0.060% 

0.0607. 

Max  Gain  Non-Linearity 

7ppm 

8ppm 

8ppm 

MaxVos 

160uV 

220MV 

250u.V 

Maxlos 

0.6nA 

0.9nA 

0.9nA 

Max  IB 

8nA 

10nA 

10nA 

Max  Supply  Current 

105uA 

120pA 

120uA 

Min  CMRR 

95dB 

92dB 

92dB 

Min  Supply  Voltage 

2.3V 

2.3V 

2.3V 

Max  Output  Swing 

3.5V/0.001V 

3.5V/0.001V 

3.5V/0.001V 

Packages  Available 

H,  J8/N8/H,  J8,  N8 

H,  J8/N8/H,  J8,  N8 

S 




Fast  JFET  Input 
LT1102 


AM/AC 

M/l/C 

Fixed  Gains  Available 

10, 100 

10.100 

Min  Slew  Rate 

21V/US 

18V/us 

Max  Settling  Time  to  0.01% 

6.5us 

6.5ns 

Min  Gain  Bandwidth  Product 

20MHz 

17MHz 

Max  Gain  Error 

0.05% 

0.07% 

Max  Gain  Non-Linearity 

14ppm 

18ppm 

Max  Offset  Voltage 

600uV 

900uV 

Max  Bias  Current 

40pA 

60pA 

Min  CMRR 

84dB 

82dB 

Max  Supply  Current 

5.0mA 

5.6mA 

Packages  Available 

H/H,  N8 

H,  J8/N8/H,  J8,  N8 

Low  Offset,  Low  Drift 
LTC1100 


C  (-40°C  to  85°C) 

CS  (-40°C  to  85°C) 

Fixed  Gains  Available 

100 

10,100 

Max  Gain  Error 

0.075% 

0.075% 

Max  Gain  Non-Linearity 

20ppm 

20ppm 

Max  Vos 

10uV 

10uV 

Max  Vos  Drift  with  Temperature 

O.OIuWC 

0.01u.V/°C 

Typ  0.1Hz  to  10Hz  Input  Noise  Voltage 

1.9iiVp-p 

1.9uVp-p 

Max  lfj 

65pA 

65pA 

Min  CMRR 

90dB 

90dB 

Max  Supply  Current 

3.8mA 

3.8mA 

Packages  Available 

N8 

s 
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 LTC1100 

Precision,  Chopper  Stabilized 
Instrumentation  Amplifier 


F€RTUR€S 

■  Offset  Voltage  1 0(aV  Max 

■  Offset  Voltage  Drift  50nV/°C  Max 

■  Bias  Current  50pA  Max 

■  Offset  Current  50pA  Max 

■  Gain  Non-Linearity  8ppm  Max 

■  Gain  Error  ±0.05%  Max 

■  CMRR104dB 

■  0.1  Hz-10Hz  Noise  2u.Vp-p 

■  Single  5V  Supply  Operation 

■  8-PinMiniDIP 


nppucOTions 


Thermocouple  Amplifiers 

Strain  Gauge  Amplifiers 

Differential  to  Single  Ended  Converters 


D€SCRIPTIOn 

The  LTC1 1 00  is  a  high  precision  instrumentation  amplifier 
using  chopper  stabilization  techniques  to  achieve  out- 
standing DC  performance.  The  input  DC  offset  is  typically 
1u.V  while  the  DC  offset  drift  is  typically  10nV/°C;  a  very 
low  bias  current  of  50pA  is  also  achieved. 

The  LTC1 1 00  is  self  contained;  that  is,  it  achieves  a  differ- 
ential gain  of  1 00  without  any  external  gain  setting  resistor 
or  trim  pot.  The  gain  linearity  is  8ppm  and  the  gain  drift  is 
4ppm/°C.  The  LTC1100  operates  from  a  single  5V  supply 
up  to  ±8V.  The  output  typically  swings  300mV  from  its 
power  supply  rails  with  a  10k  load. 

An  optional  external  capacitor  can  be  added  from  pin  7  to 
pin  8  to  tailor  the  device's  18kHz  bandwidth  and  to 
eliminate  any  unwanted  noise  pickup. 

The  LTC1100  is  also  offered  in  a  16-pin  surface  mount 
package  with  selectable  gains  of  10  or  100. 

The  LTC1 1 00  is  manufactured  using  Linear  Technology's 
enhanced  LTCMOS™  silicon  gate  process. 


block  DinGRnm  typical  nppucOTion 

Single  5V  Supply,  DC  Instrumentation  Amplifier 


2 


LTCnOO-BDOl 


VouT  =  100  (+V|N  - -V|N)  ltciioo-twi 


LTC1100 


rbsoiutc  mnximum  rrtirgs 

Operating  Temperature  Range 

LTC1100M/AM  -55°C  to125°C 

LTC1100C/AC  -40°C  to  85°C 

Storage  Temperature  Range  -65°C  to  150°C 


Lead  Temperature  (Soldering,  1 0  sec.)  300°C 

Total  Supply  Voltage  (V+to  V")  18V 

Input  Voltage  (V  +  0.3V)  to  (V"  -  0.3V) 

Output  Short  Circuit  Duration  Indefinite 


PRCKRG€/ORD€R  MFORfllflTIOn 


GND  REF  U 
+CMRR  ^ 
fin  [I 

v-  IT 


TOP  VIEW 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


3  V0UT 
TJ  COMP 

U  +vIN 
T\  v+ 


J8  PACKAGE 
8-LEAD  CERAMIC  DIP 


ORDER  PART 
NUMBER 


LTC1100ACN/ACJ 
LTC1 1 00CN/CJ 
LTC1100AMJ 
LTC1100MJ 


TOP  VIEW 


NC  E 

T|]  NC 

GND  REF  [T 

ll  VOUT 

G  =  10  [T 

14]  G  = 10 

+CMRR  [7 

13]  COMP 

NC  [T 

12]  NC 

-VinE 

m  +vIN 

v-e 

To]  V+ 

nc  ml 

JJ  NC 

S  PACKAGE 
16-LEAD  PLASTIC  SOL 


ORDER  PART 
NUMBER 

LTC1100ACS 
LTC1100CS 


€L€CTRICRL  CHRRRCTCRISTICS  VS=±5V,  RL=10k,  Cc=1000pF,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

LTC1100ACN/ACJ 
MIN        TYP  MAX 

LTC1100CN/CJ 
MIN       TYP  MAX 

UNITS 

Gain  Error 

TA=25°C 

• 

0.01 

0.05 
0.1 

0.01 

0.075 
0.15 

+% 

Gain  Non-Linearity 

TA  =  25°C 

• 

3 
12 

8 

30 

3 
12 

20 
60 

ppm 

Input  Offset  Voltage 

(Notel) 

+  1 

±10 

±1 

±10 

u.V 

Input  Offset  Voltage  Drift 

(Notel) 

• 

±5 

±100 

±5 

±100 

nV/°C 

Input  Noise  Voltage 

DC  to10Hz,TA  =  25°C 

1.9 

1.9 

nVp-p 

Input  Bias  Current 

TA  =  25°C 

• 

2.5 

50 
120 

2.5 

65 
135 

pA 

Input  Offset  Current 

• 

10 

50 

10 

65 

PA 

Common  Mode  Rejection  Ratio 

VCM  =  +2.3V  to  -4.7V  (Note  2) 

• 

104 

115 

90 

110 

dB 

Power  Supply  Rejection  Ratio 

Vs  =  ±2.375Vto±8V 

• 

120 

105 

dB 

Output  Voltage  Swing 

RL=2k£2.  VS  =  ±8V 
RL=10k£2,  VS  =  ±8V 

• 
• 

-7.2 
-7.7 

6.2 
7.5 

-7.2 
-7.7 

6.2 
7.5 

V 

Supply  Current 

TA=25°C 

• 

2.4 
3.4 

2.8 
4 

2.4 
3.4 

3.3 
4.5 

mA 

Internal  Sampling  Frequency 

TA  =  25'C 

2.8 

2.8 

kHz 

Bandwidth 

TA  =  25°C 

18 

18 

kHz 
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VS=±5V,  RL=10k,  Cc=1000pF,  unless  otherwise  specified. 

PARAMETER 

CONDITIONS 

LTC1100AMJ 
MIN        TYP  MAX 

LTC1100MJ 
MIN        TYP  MAX 

UNITS 

Gain  Error 

TA  =  25°C 

• 

0.01  0.05 
0.11 

0.01  0.075 
0.15 

±% 

Gain  Non-Linearity 

TA  =  25°C 

• 

3  8 
40 

3  20 
65 

ppm 

Input  Offset  Voltage 

(Note  1 ) 

±1  ±10 

±1  ±10 

p.V 

Input  Offset  Voltage  Drift 

(Note  1 ) 

• 

±5  ±100 

±5  ±100 

nV/°C 

Input  Noise  Voltage 

DCto10Hz,TA  =  25°C 

1.9 

1.9 

nVp-p 

Input  Bias  Current 

TA=25°C 

• 

5  50 
300 

5  65 
450 

PA 

Input  Offset  Current 

• 

80 

120 

pA 

Common  Mode  Rejection  Ratio 

VCM  =  -4.7Vto+2.3V 

• 

100 

90 

dB 

Power  Supply  Rejection  Ratio 

Vs  =  ±  2.375V  to  ±8V 

• 

115 

95 

dB 

Output  Voltage  Swing 

RL=10kn.  VS  =  ±8V 
RL=2kQ,  VS  =  ±8V 

• 
• 

-7.4  7.4 
-7.0  6.0 

-7.4  7.4 
-7.0  6.0 

V 

Supply  Current 

TA  =  25"C 

• 

2.4 

4.2 

2.4  3.3 
4.6 

mA 

Internal  Sampling  Frequency 

TA=25°C 

2.8 

2.8 

kHz 

Bandwidth 

TA=25°C 

18 

18 

kHz 

€l€CTRICni  CHMMCTCMSTICS 

VS=±5V,  RL=10k,  Cc=100upF,  unless  otherwise  specified. 

PARAMETER 

CONDITIONS 

LTC1100ACS 
MIN        TYP  MAX 

LTC1100CS 
MIN        TYP  MAX 

UNITS 

Gain  Error 

TA=  25°C,AV=100 
Av=100 
Av=10 
Av=10 

• 
• 

0.01  0.05 
0.1 

0.01  0.04 
0.1 

0.01  0.075 
0.15 

0.01  0.06 
0.15 

±% 

Gain  Non-Linearity 

TA=25°C,AV=100 
Av=100 
Av=10 
Av=10 

• 
• 

3  8 
12  30 
1  8 
25 

3  20 
12  60 
1  10 
40 

ppm 

Input  Offset  Voltage 

(Note  1) 

±1  ±10 

±1  ±10 

0 

Input  Offset  Voltage  Drift 

(Note  1) 

• 

±5  ±100 

±5  ±100 

nV/°C 

Input  Noise  Voltage 

DCto10Hz,TA  =  25°C 

1.9 

1.9 

nVp-p 

Input  Bias  Current 

TA  =  25°C 

• 

2.5  50 
120 

2.5  65 
135 

PA 

Input  Offset  Current 

• 

10  50 

10  65 

PA 

Common  Mode  Rejection  Ratio 

VCM=-4.7Vto+2.3V, 
Av=100 
Av=10 

• 
• 

104  115 
95 

90  110 
85 

dB 

Power  Supply  Rejection  Ratio 

VS  =  ±2.375V  to  +8V 

• 

120 

105 

dB 
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€L€CTRICAl  CHARACTERISTICS 

Vs=  ±5V,  RL=10k,  Gc=1000pF,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

LTC1100ACS 
MIN       TYP  MAX 

LTC1100CS 
MIN       TYP  MAX 

UNITS 

Output  Voltage  Swing 

RL=10kQ,Vs  =  ±8V 
RL=2k£2,Vs  =  ±8V 

• 
• 

-7.2  6.2 
-7.7  7.5 

-7.2  6.2 
-7.7  7.5 

V 

Supply  Current 

TA  =  25°C 

• 

2.4  2.8 
3.4  4 

2.4  3.3 
3.4  4.5 

mA 

Internal  Sampling  Frequency 

TA  =  25°C 

2.8 

2.8 

kHz 

Bandwidth 

G  =  100 

TA=25°C 

18 

18 

kHz 

6  =  10 

180 

180 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  These  parameters  are  guaranteed  by  design.  Thermocouple 
effects  preclude  measurement  of  these  voltage  levels  in  high  speed 


automatic  test  systems.  Vos  is  measured  to  a  limit  determined  by  test 
equipment  capability. 

Note  2:  See  Applications  Information,  Single  Supply  Operation. 


LTCllOOCS  BLOCK  DIAGRAM 


11   |H 

7(V") 

NOTE:  FOR  A  VOLTAGE  GAIN  OF  10V/V  SHORT  PIN  2  TO  3,  AND  PIN  14  TO  15. 


XTTflBB 
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LTC1100 


tvpicrl  p€RFORmnnc€  chdrrctcristics 


Supply  Current  vs  Supply  Voltage 


«  1 


Ta 

=  -55 

C 

A  =  2 

i  C, 

=  12: 

°c~ 

8     10    12     14     16  18 


TOTAL  SUPPLY  VOLTAGE  V+  TO  V"  (V) 

LTC1100-TPCW 


CMRR  vs  Frequency 


0.1       1        10      100      1k      10k  100k 
FREQUENCY  (Hz) 


Power  Supply  Rejection  Ratio  vs 
Frequency 


0.1       1        10      100      1k      10k  100k 
FREQUENCY  (Hz) 

LTCMOO-TPCOS 

Output  Voltage  Swing  vs  Load 


±10 

=  9 

±8 

±7 

> 

o 

=  6 

Z 

CO 

±5 

±4 

s 

±3 

+  2 

±1 

0 

NEGATH 

F 

Vs 

=  ±8 

/  T, 

■  8 

5  C 

P 

□  SIT 

VE 

NEGATK 

E 

vs 

=  ±5 

V  Ta 

<  8 

5  C 

NEC 

/ 

AT)1 

osr 
— 

VE 

Vs 

=  r! 

5V. Ta  < 

85 

C 

p 

3S!T 

VE 

LTCMCO'TPCO? 


0   1k   2k  3k  4k  5k  6k  7k  8k  9k  10k 
LOAD  RESISTANCE  (£2) 


Common  Mode  Range  vs 
Supply  Voltage 


Ta  = 

25°C 

±2      ±3      ±4      ±5       ±6      ±7  ±8 
SUPPLY  VOLTAGE  (V) 

LTC1100-TPC06 

Undistorted  Output  Swing  vs 
Frequency 


v 

-5 

~nX  R 

- 

C 

Ok 

=  2k\ 

1k  10k 
FREQUENCY  (Hz) 


Bias  Current  vs  Common 
Mode  Voltage 


Voltage  Noise  vs  Frequency 


-6-5-4-3-2-10     1  3  4 


COMMON  MODE  VOLTAGE  (V) 

LTC110O-TPC1O 


10  100  1k  10k  100k 

FREQUENCY  (Hz) 


Internal  Sampling  Frequency  vs 
Supply  Voltage 


Ia  = 

■55 

1 

A  s  2 

j°C 

/ 

/ 

— Ta 

=  125 

°C 

•    •    -  -I 


4  6  8  10  12  14  16  18 
TOTAL  SUPPLY  VOLTAGE  V+  TO  V~  (V) 

LTCI100-TPC12 
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TVPicni  pcRFonmnncc  cHnoncTCRisTics 


Large  Signal  Transient  Response 
G=100,VS=±5V 


Small  Signal  Transient  Response 
G=100,VS=+5V 


Overload  Recovery 
G=100,VS=±5V 


2V/DIV 


10jis/DIV  10jjs/DIV  5ps/DIV 

LTCMOO-TPC13  LTC11TO-TPC14  LTC110O  ■  TPCIS 


pin  DCscRiPTion 

8-Pin  DIP  (16-Pin  SO) 

Pin  1  (2)  GND  REF  -  Connect  to  system  ground.  This  sets 
the  zero  reference  for  the  internal  op  amps. 

Pin  2  (4)  +CMRR  -  This  pin  tailors  the  gain  of  the  internal 
amplifiers  to  maximize  AC  CMRR.  For  applications  which 
emphasize  CMRR  requirements,  connect  a  100k  resistor 
and  a  1 0pF  capacitor  in  series  from  +CMRR  to  ground.  See 
the  Applications  section. 

Pin  3  (6) -V|N- Inverting  Input. 

Pin  4  (7)  V"-  Negative  Supply. 

Pin  5  (10)  V+- Positive  Supply. 

Pin  6  (11)  +V|N  -  Non-Inverting  Input. 

Pin  7  (13)  COMP  -  This  pin  reduces  the  bandwidth  of  the 
internal  amplifiers  for  applications  at  or  near  DC.  Clock 
feedthru  from  the  internal  sampling  clock  can  also  be 


suppressed  by  using  the  COMP  pin.  The  standard  com- 
pensation circuit  is  a  capacitor  from  COMP  to  Vout.  sized 
to  provide  an  RC  pole  with  the  internal  247k  resistor  (22.5k 
for  LTC1100CS  in  gain-of-10  mode).  See  the  Applications 
section. 

Pin  8  (15)  Vout- Signal  Output. 
16-Pin  SO  Package  Only 

(3)  G=10  -  Short  to  pin  (2)  for  gain  of  10.  Leave 
disconnected  for  gain  of  100. 

(14)  G=10  -  Short  to  pin  (15)  for  gain  of  10.  Leave 
disconnected  for  gain  of  100. 

NOTE:  Both  pins  must  be  shorted  or  open  to  provide 
correct  gain. 

(1),(5),(8),(9),(12),(16)  NC  -  No  internal  connection. 
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AppucATions  inFORmnnon 

Common  Mode  Rejection  Aliasing 


Due  to  very  precise  matching  of  the  internal  resistors,  no 
trims  are  required  to  obtain  a  DC  CMRR  of  better  than 
100dB.  However,  things  change  as  frequency  rises.  The 
inverting  amplifier  is  in  a  gain  of  1 .01  (1 .1  for  gain  of  10), 
while  the  non-inverting  amplifier  is  in  a  gain  of  99  (9  for 
gain  of  10).  As  frequency  rises,  the  higher  gain  amplifier 
hits  its  gain-bandwidth  limit  long  before  the  low  gain 
amplifier,  degrading  CMRR.  The  solution  is  straightfor- 
ward —  slow  down  the  inverting  amplifier  to  match  the 
non-inverting  amp.  Figure  1  shows  the  recommended 
circuit.  The  problem  is  less  pronounced  in  the  LTC1 1 00CS 
in  gain-of-10  mode;  no  CMRR  trims  are  necessary. 


Figure  1.  Improving  AC  CMRR 

Overcompensation 

Many  instrumentation  amplifier  applications  process  DC 
or  low  frequency  signals  only;  consequently  the  18kHz 
(180kHz  for  G=10)  bandwidth  of  the  LTC1100  can  be 
reduced  to  minimize  system  errors  or  reduce  transmitted 
clock  noise  by  using  the  COMP  pin.  A  feedback  cap  from 
COMP  to  Vout  will  react  with  the  247k  internal  resistor 
(22.5k  for  G=10)  to  limit  the  bandwidth,  as  in  Figure  2. 


6  ac"^/> 


3HB=  2„RINTxCB 

R|mt  =  247k  FOR  G  =  100 
22.5k  FOR  G  =  10 


The  LTC1100  is  a  chopper  stabilized  instrumentation 
amplifier;  like  all  sampled  systems  it  exhibits  aliasing 
behavior  for  input  frequencies  at  or  near  the  internal 
sampling  frequency.  The  LTC1100  incorporates  special- 
ized  anti-aliasing  circuitry  whichtypically  attenuates  aliasing 
products  by  >60dB;  however,  extremely  sensitive  sys- 
tems may  still  have  to  take  precautions  to  avoid  aliasing 
errors.  For  more  information,  see  the  LTC1 051/1 053  data 
sheet. 

Single  Supply  Operation 

The  LTC1 1 00  will  operate  on  a  single  5V  supply,  and  the 
common  mode  range  of  the  internal  op  amps  includes 
ground;  single  supply  operation  is  limited  only  by  the 
output  swing  of  the  op  amps.  The  internal  inverting 
amplifier  has  a  negative  saturation  limit  of  5mV  typically, 
setting  the  minimum  common  mode  limit  at  5mV/1 .01  (or 
1 .1  for  gain  of  1 0).  The  inputs  can  be  biased  above  ground 
as  shown  in  Figure  3.  Low  cost  biasing  components  can  be 
used  since  any  errors  appear  as  a  common  mode  term  and 
are  rejected. 

The  minimum  differential  input  voltage  is  limited  by  the 
swing  of  the  output  op  amp.  Lightly  loaded,  it  will  swing 
down  to  5mV,  allowing  differential  input  voltages  as  low  as 
50uA/  (450nV  for  gain  of  10).  Single  supply  operation 
limits  the  LTC1100  to  positive  differential  inputs  only; 
negative  inputs  will  give  a  saturated  zero  output. 


OUTPUT  =  0V-  5V 


LTC1ID0-TA04 


Figure  3. 


Figure  2.  Overcompensation  to  Reduce  System  Bandwidth 
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LT1101 


TECHNOLOGY  Precision,  Micropower, 

Single  Supply  Instrumentation  Amplifier  (Fixed  Gain  =10  or  100) 


F€ATUR€S 

■  Gain  Error 

■  Gain  Non-Linearity 

■  Gain  Drift 

■  Supply  Current 
>  Offset  Voltage 

■  Offset  Voltage  Drift 

■  Offset  Current 

■  CMRR,G  =  100 

■  0.1Hzto10Hz  Noise 

■  Gain  Bandwidth  Product 

■  Single  or  Dual  Supply  Operation 

■  Surface  Mount  Package  Available 


flPPUCATIOnS 


D€SCRIPTIOn 


0.04%  Max 
0.0008%  (8ppm)  Max 
4ppm/°CMax 
105/iAMax 
160/iVMax 
0.4MV/°CTyp 
600pA  Max 
100dBMin 
O.fyVp-pTyp 
2.3pAp-pTyp 
250kHzMin 


Differential  Signal  Amplification  in  Presence  of 

Common-Mode  Voltage 

Micropower  Bridge  Transducer  Amplifier 

-Thermocouples 

-  Strain  Gauges 

-Thermistors 

Differential  Voltage  to  Current  Converter 
Transformer  Coupled  Amplifier 
4mA-20mA  Bridge  Transmitter 


The  LT1101  establishes  the  following  milestones: 

(1)  It  is  the  first  micropower  instrumentation  amplifier, 

(2)  It  is  the  first  single  supply  instrumentation  amplifier, 

(3)  It  is  the  first  instrumentation  amplifier  to  feature  fixed 
gains  of  10  and/or  100  in  low  cost,  space-saving  8-lead 
packages. 

The  LT1101  is  completely  self-contained:  no  external  gain 
setting  resistor  is  required.  The  LT1101  combines  its  mi- 
cropower operation  (75/iA  supply  current)  with  a  gain  error 
of  0.008%,  gain  linearity  of  3ppm,  gain  drift  of  1ppm/°C. 
The  output  is  guaranteed  to  drive  a  2k  load  to  ±  10V  with 
excellent  gain  accuracy. 

Other  precision  specifications  are  also  outstanding:  50/jV 
input  offset  voltage,  130pA  input  offset  current,  and  low 
drift  (0.4^V/°C  and  0.7pA/°C).  In  addition,  unlike  other  in- 
strumentation amplifiers,  there  is  no  output  offset  voltage 
contribution  to  total  error. 

A  full  set  of  specifications  are  provided  with  ±  15V  dual 
supplies  and  for  single  5V  supply  operation.  The  LT1101 
can  be  operated  from  a  single  lithium  cell  or  two  Ni-Cad 
batteries.  Battery  voltage  can  drop  as  low  as  1.8V,  yet  the 
LT1101  still  maintains  its  gain  accuracy.  In  single  supply 
applications,  both  input  and  output  voltages  swing  to 
within  a  few  millivolts  of  ground.  The  output  sinks  current 
while  swinging  to  ground  -  no  external,  power  consum- 
ing pull  down  resistors  are  needed. 


BLOCK  DIAGRAM 


GROUND  1 
(REF)~ 


SHORT  TO  1.  G  =  10  2 
N.C.G=.0Q  — 


INVERTING  3 
INPUT 


Gain  Error  Distribution 


7_  SHORT  TO  8,  G  =  10 
N.C.  G  =  100 


6  NON-INVERTING 
INPUT 


r 

-i  g 

:  R 
-  -  T 

=  100 
=50k 
=  25"C 
O  UNITS 
STED 

:  9 
T 

-J 

It* 

ALL  PACK 

.r.ts 

r 

j  

GROUND  PIN  1 .  OUTPUT  AT  PIN  8 

G  =  100:  NO  ADDITIONAL  CONNECTIONS 

G  =  10:  SHORT  PIN  2  TO  PIN  1 .  SHORT  PIN  7  TO  PIN  8 


-O  04  -0  03-0.02  -0.O1  0  +0.01  +0.024-0.03  +  0.04 
GAIN  ERROR  (%) 


LT11Q1  

fmsoiuT€  mnximum  rrtiogs 


Supply  Voltage  +22V 

Differential  Input  Voltage  ±36V 

Input  Voltage   Equal  to  Positive  Supply  Voltage 

 10V  Below  Negative  Supply  Voltage 

Output  Short  Circuit  Duration  Indefinite 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


Operating  Temperature  Range 

LT1101AM/LT1101M  -55°Cto125°C 

LT1101AI/LT1101I  -40°Cto85°C 

LT1 1 01 AC/LT1 1 01 C/LT1 1 01S  0°C  to  70°C 

Storage  Temperature  Range 
All  Grades  -65°Cto150°C 


PRCKRG€/ORD€R  MFORmflTIOfl 

ORDER  PART 
NUMBER 


8-LEAD 


CAN 


LT1101AMH 
LT1101MH 
LT1101ACH 
LT1101CH 


GROUND  i— 

(ref)  urn 


T] OUTPUT 


N  PACKAGE  J  PACKAGE 

8-LEAD  PLASTIC  DIP       8-LEAD  CERAMIC  DIP 


ORDER  PART 
NUMBER 

LT1101AIN8 

LT1101IN8 

LT1101ACN8 

LT1101CN8 

LT1101AMJ8 

LT1101MJ8 

LT1101ACJ8 

LT1101CJ8 


TOP  VIEW 


REF  rrt 

i=io  Li 
-in  LT 


>90R 

-1  >9R 
>  R 

90Rj« 
9R>  L 

LT1101S 


16]  NC 

15]  OUTPUT 

14]  NC 

I  OUT 

I  B  =  10 
♦IN 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


€l€CTRICni  CHRRRCT€RISTICS 

Vs  =  5V,  0V,  VCM  =  0.1V,  Vrefipin  1)  =  0.1  V,  G  =  10  or  100,  TA  =  25°C,  unless  otherwise  noted  (Note  3). 


LT1101AM/AI/AC 

LT1101M/I/C/S 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN  TYP 

MAX 

MIN  TYP 

MAX 

UNITS 

Ge 

Gain  Error 

G  =  1 00,  V0  =  0.1  V  to  3.5V,  RL  =  50k 

0.010 

0.050 

0.011 

0.075 

% 

G  =  10,  V0  =  0.1  V  to  3.5V,  RL  =  50k 

0.009 

0.040 

0.010 

0.060 

% 

Gnl 

Gain  Non-linearity 

G  =  100,  RL  =  50k 

20 

60 

20 

75 

ppm 

G  =  10,  RL=50k(Note1) 

3 

7 

3 

8 

ppm 

Vos 

Input  Offset  Voltage 

50 

160 

60 

220 

LT1101S 

250 

600 

nV 

los 

Input  Offset  Current 

0.13 

0.60 

0.15 

0.90 

nA 

!b 

Input  Bias  Current 

6  8 

6  10 

nA 

k 

Supply  Current 

75 

105 

78 

120 

SA 
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XTUDSS 


LT1101 


€l€CTRICRl  CHRRRCT€RISTICS 

Vs  =  5V,  OV,  VCM  =  0.1  V,  Vrefipin  d = 0.1  V,  G  =  10  or  100,  TA  =  25°C,  unless  otherwise  noted  (Note  3). 


LT1101AM/AI/AC 

LT1101M/I/C/S 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

CMRR 

Common-Mode 

1k  Source  Imbalance 

Rejection  Ratio 

G  =  100,  Vcm  =  0.07V  to  3.4V 

95 

106 

92 

105 

dB 

G  =  10,  VCm  =  0.07V  to  3.1  V 

84 

100 

82 

99 

dB 

Minimum  Supply  Voltage 

(Note  4) 

1.8 

2.3 

1.8 

2.3 

V 

Vo 

Maximum  Output 

Output  High,  50k  to  GND 

4.1 

4.3 

4.1 

4.3 

V 

Voltage  Swing 

Output  High,  2k  to  GND 

3.5 

3.9 

3.5 

3.9 

V 

Output  Low,  VREF  =  0,  No  Load 

3.3 

6 

3.3 

6 

mV 

Output  Low,  VREF  =  0, 2k  to  GND 

0.5 

1 

0.5 

1 

mV 

Output  Low,  VREF  =  0,  lS|NK  =  100jiA 

90 

130 

90 

130 

mV 

BW 

Bandwidth 

G  =  100  (Note  1) 

2.0 

3.0 

2.0 

3.0 

kHz 

G  =  10  (Note  1) 

22 

33 

22 

33 

kHz 

SR 

Slew  Rate 

(Note  1) 

0.04 

0.07 

0.04 

0.07 

Vfrs 

€L€CTRICRL  CHRRRCTCRISTICS 

Vs  =  ±  15V,  Vcm  =  0V,  Ta= 25°C,  Gain  =  10  or  100,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1101AM/AI/AC 
MIN      TYP  MAX 

LT1101M/I/C/S 
MIN      TYP  MAX 

UNITS 

Ge 

Gain  Error 

G  =  100,V0=  ±10V,RL  =  50k 
G  =  100,V0=  ±10V,  RL  =  2k 
G  =  10,  V0=  ±10V,RL  =  50kor2k 

0.008  0.040 
0.011  0.055 
0.008  0.040 

0.009  0.060 
0.012  0.070 
0.009  0.060 

% 
% 
% 

Gni 

Gain  Non-Linearity 

G  =  100,  RL  =  50k 
G  =  100,  RL  =  2k 
G  =  10,  RL  =  50kor2k 

7  16 
24  45 
3  8 

8  20 
25  60 
3  9 

ppm 
ppm 
ppm 

Vos 

Input  Offset  Voltage 

LT1101S 

50  160 

60  220 
250  600 

,V 

/■V 

los 

Input  Offset  Current 

0.13  0.60 

0.15  0.90 

nA 

la 

Input  Bias  Current 

6  8 

6  10 

nA 

Input  Resistance 
Common-Mode 
Differential  Mode 

(Note  1) 
(Notel) 

4  7 
7  12 

3  7 
5  12 

GO 
GO 

Input  Noise  Voltage 

0.1Hz  to10Hz  (Note  2) 

0.9  1.8 

0.9 

eVp-p 

Input  Noise  Voltage 
Density 

fo  =  10Hz(Note2) 
f0  =  1000Hz  (Note  2) 

45  64 
43  54 

45 
43 

nViVfiz 
nV/Vfiz 

in 

Input  Noise  Current 

0.1Hz  to  10Hz  (Note  2) 

2.3  4.0 

2.3 

pAp-p 

Input  Noise  Current 
Density 

fo  =  10Hz(Note2) 
f0  =  1000Hz 

0.06  0.10 
0.02 

0.06 
0.02 

pAK  Hz 
pA/%  Hz 

Input  Voltage  Range 

G  =  100 
G  =  10 

+  13.0  +13.8 
-14.4  -14.7 
+  11.5  +12.5 
-13.0  -13.3 

+  13.0  +13.8 
-14.4  -14,7 
+  11.5  +12.5 
-13.0  -13.3 

V 
V 
V 
V 

CMRR 

Common-Mode 
Rejection  Ratio 

1k  Source  Imbalance 
G  =  100,  Over  CM  Range 
G  =  10,OverCM  Range 

100  112 
84  100 

98  112 
82  99 

dB 
dB 

PSRR 

Power  Supply 
Rejection  Ratio 

Vs=  +2.2V,  -O.Wto  ±18V 

102  114 

100  114 

dB 

Is 

Supply  Current 

92  130 

94  150 

(.A 

Vo 

Maximum  Output 
Voltage  Swing 

RL=50k 
RL=2k 

±13.0  ±14.2 
±11.0  ±13.2 

±13.0  ±14.2 
±11.0  ±13.2 

V 
V 

BW 

Bandwidth 

G  =  100  (Notel) 
G  =  10  (Notel) 

2.3  3.5 
25  37 

2.3  3.5 
25  37 

kHz 

kHz 

SR 

Slew  Rate 

0.06  0.10 

0.06  0.10 

Note  1 :  This  parameter  is  not  tested.  It  is  guaranteed  by  design  and  by  Note  4:  Minimum  supply  voltage  is  guaranteed  by  the  power  supply 

inference  from  other  tests.  rejection  test.  The  LT1 101  actually  works  at  1 ,8V  supply  with  minimal 

Note  2:  This  parameter  is  tested  on  a  sample  basis  only.  degradation  in  performance. 

Note3:  These  test  conditions  are  equivalent  to  Vs =4.9V,  -0.1V,VCM=0V, 
Vrefipin  i)=0V. 


XTUDSS 
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ClCCTRICRl  CHRRRCTCRISTICS 

Vs  =  ± 1 5V,  Vcm = OV,  Gain  =  10  or  100,  -  55°C  < TA  <  1 25°C  (or  AM/M  grades,  -  40°C  < TA  < 85°C  for  Al/I  grades,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LI  I  iv  IHmlnl 

MIN      TYP  MAX 

LT1M1MN 
li  i  iu  inn 

MIN      TYP  MAX 

UNITS 

Gain  Error 

G  =  100,Vo=  ±10V,RL  =  50k 
G  =  100,V0=  ±10V,  RL  =  5k 
G  =  10,Vo=  ±10V,  Ru=50kor5k 

0.024  0.070 
0.030  0.100 
0.015  0.070 

0.026  0.100 
0.035  0.130 
0.018  0.100 

% 
% 
% 

TCGE 

Gain  Error  Drift 
(Notel) 

G  =  100,  RL  =  50k 
G  =  100,  RL=5k 
G  =  10,  RL=50kor5k 

2  4 

2  7 
1  4 

2  5 
2  6 
1  5 

ppm/°C 
ppm/°C 
ppm/°C 

Gnl 

Gain  Non-Linearity 

G  =  100,  RL=50k 
G  =  100,  RL  =  5k 
G  =  10,  RL  =  50k 
G  =  10,  RL=5k 

24  70 
70  300 
4  13 
10  40 

26  90 
75  500 
5  15 
12  60 

ppm 
ppm 
ppm 
ppm 

Vos 

Input  Offset  Voltage 

90  350 

110  500 

«v 

AV0S/AT 

Input  Offset  Voltage  Drift 

(Notel) 

0.4  2.0 

0.5  2.8 

(.WC 

los 

Input  Offset  Current 

0.16  0.80 

0.19  1.30 

nA 

Alos'AT 

Input  Offset  Current  Drift 

(Notel) 

0.5  4.0 

0.8  7.0 

pA!»C 

lB 

Input  Bias  Current 

7  10 

7  12 

nA 

Alg/AT 

Input  Bias  Current  Drift 

(Notel) 

10  25 

10  30 

pA/»C 

CMRR 

Common-Mode 
Rejection  Ratio 

G  =  100,VCM  =  -14.4V  to  13V 
G  =  10,  VCM=  -13Vto11.5V 

96  111 
80  99 

94  111 
78  98 

dB 
dB 

PSRR 

Power  Supply 
Rejection  Ratio 

Vs= +3.0, -0.1V  to  ±  18V 

98  110 

94  110 

dB 

Is 

Supply  Current 

105  165 

108  190 

«A 

Vo 

Maximum  Output 
Voltage  Swing 

RL  =  50k 
R[_=5k 

±12.5  ±14.0 
±11.0  ±13.5 

V 
V 

ClCCTRICRl  CHARACTERISTICS 

Vs  =  ±  15V,  Vcm  =  0V,  Gain  =  10  or  100, 0°C  <TA<  70°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1101AC 
MIN      TYP  MAX 

LT1101C/S 
MIN      TYP  MAX 

UNITS 

GE 

Gain  Error 

G  =  10O,Vo=  ±10V,RL  =  50k 
G  =  100,Vo=  ±10V,RL  =  2k 
G  =  10,Vo=  ±10V,RL  =  50kor2k 

0.012  0.055 
0.018  0.085 
0.009  0.055 

0.014  0.080 
0.020  0.100 
0.010  0.080 

% 
% 
% 

TCGe 

Gain  Error  Drift 
(Notel) 

G  =  100,  RL  =  50k 
G  =  100,  RL  =  2k 
G  =  10,  RL  =  50kor2k 

1  4 

2  7 
1  4 

1  5 

2  9 
1  5 

ppm/°C 
ppm/°C 
ppm/°C 

Gnl 

Gain  Non-Linearity 

G  =  100,  RL  =  50k 
G  =  100,  RL  =  2k 
G  =  10,  RL=50kor2k 

9  25 
33  75 
4  10 

10  35 
36  100 
4  11 

ppm 
PPm 
ppm 

Vos 

Input  Offset  Voltage 

LT1101S 

70  250 

85  350 
300  800 

„V 

*v 

AV0S/AT 

Input  Offset  Voltage  Drift 

(Notel) 
LT1101S 

0.4  2.0 

0.5  2.8 

\2  4.5 

Pv/°c 

los 

Input  Offset  Current 

0.14  0.70 

0.17  1.10 

nA 

Alos/AT 

Input  Offset  Current  Drift 

(Notel) 

0.5  4.0 

0.8  7.0 

pAZ°C 

Ib 

Input  Bias  Current 

6  9 

6  11 

nA 

AIb/AT 

Input  Bias  Current  Drift 

(Notel) 

10  25 

10  30 

pA/'C 

CMRR 

Common-Mode 
Rejection  Ratio 

G  =  100,VCM=  -14.4V  to  13V 
G  =  10,  VCM= -13V  1011.5V 

98  112 
82  100 

96  112 
80  99 

dB 
dB 

PSRR 

Power  Supply 
Rejection  Ratio 

Vs  =  2.5,  -  0.1V  to  ±  18V 

100  112 

97  112 

dB 

Is 

Supply  Current 

98  148 

100  170 

«A 

Vo 

Maximum  Output 
Voltage  Swing 

RL  =  50k 
RL  =  2k 

&  £3 

t\ll  ±!5:J 

V 
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€l€CTRICfll  CHRRRCT€RISTICS 

Vs  =  5V, OV,  VCm  =  0.1V,  Vrefipin  1)= 0.1  V, Gain  =  10 or  100,  - 55°C<TA<  125°C for  AM/M  grades,  - 40°C <TA<85°C for  Al/I  grades, 
unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1101AM/AI 
MIN    TYP  MAX 

LT1101M/I 
MIN    TYP  MAX 

UNITS 

GE 

Gain  Error 

G  =  100,V0  =  0.1Vto3.5ViRL  =  50k 
G  =  10,  VCM  =  0.15,  RL  =  50k 

0.026  0.080 
0.011  0.070 

0.028  0.120 
0.014  0.100 

% 
% 

TCGE 

Gain  Error  Drift 

RL  =  50k  (Note  1) 

1  4 

1  5 

ppm/°C 

Gnl 

Gain  Non-Linearity 

G  =  100,Rl  =  50k 

G  =  10,  RL=50k(Note1) 

45  110 
4  13 

48  140 
5  15 

ppm 
ppm 

Vos 

Input  Offset  Voltage 

90  350 

110  500 

|V 

AVqs/AT 

Input  Offset  Voltage 
Drift 

\noie  i] 

A  C             0  0 

U.O  c.o 

Ids 

Input  Offset  Current 

0.16  0.80 

0.19  1.30 

nA 

Input  Offset  Current 
Drift 

(Notel) 

0.5  4.0 

0.8  7.0 

pA/°C 

Is 

Input  Bias  Current 

7  10 

7  12 

nA 

AIB/AT 

Input  Bias  Current 
Drift 

(Notel) 

10  25 

10  30 

pA/°C 

CMRR 

Common-Mode 
Rejection  Ratio 

G  =  1O0,  VCM  =  0.1Vto3.2V 

G  =  10,  VCM  =  0.1V  to  2.9V,  VREF  =  0.15V 

91  105 
80  98 

88  104 
77  97 

dB 
dB 

Is 

Supply  Current 

88  135 

92  160 

«A 

Vo 

Maximum  Output 
Voltage  Swing 

Output  High,  50k  to  GND 
Output  High,  2k  to  GND 
Output  Low,  VREF  =  0,  No  Load 
Output  Low,  VREF  =  0,2k  to  GND 
Output  Low,  VREF  =  0,  lS|NK  =  1(XVA 

3.8  4.1 

3.0  3.7 

4.5  8 
0.7  1.5 
125  170 

3.8  4.1 

3.0  3.7 

4.5  8 
0.7  1.5 
125  170 

V 
V 
mV 
mV 
mV 

€l€CTRICRl  CHRRRCT6RISTICS 

Vs  =  5V,  0V,  Vcm  =  0.1V,  Vrefipin  1)  =  0.1  V,  Gain  =  10  or  100, 0°C <Ta <70°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1101AC 
MIN    TYP  MAX 

LT1101C/S 
MIN    TYP  MAX 

UNITS 

GE 

Gain  Error 

G  =  100,V0  =  0.1Vto3.5V,RL  =  50k 
G  =  10,  \lcu  =  0.15V,  RL  =  50k 

0.017  0.065 
0.010  0.060 

0.018  0.095 
0.012  0.080 

% 
% 

TCGE 

Gain  Error  Drift 

RL  =  50k  (Notel) 

1  4 

1  5 

ppm/°C 

Gnl 

Gain  Non-Linearity 

G  =  100,  RL  =  50k 

G  =  10,  RL  =  50k (Notel) 

25  80 
4  10 

25  100 
4  11 

ppm 
ppm 

Vos 

Input  Offset  Voltage 

LT1101S 

70  250 

85  350 
300  800 

/■V 
„V 

AV0S/AT 

Input  Offset  Voltage 
Drift 

(Notel) 
LT1101S 

0.4  2.0 

0.5  2.8 
1.2  4.5 

,w°c 

pV/oC 

los 

Input  Offset  Current 

0.14  0.70 

0.17  1.10 

nA 

Alos'AT 

Input  Offset  Current 
Drift 

(Notel) 

0.5  4.0 

0.8  7.0 

pA/°C 

le 

Input  Bias  Current 

6  9 

6  11 

nA 

Alg/AT 

Input  Bias  Current 
Drift 

(Note  1) 

10  25 

10  30 

pA/"C 

CMRR 

Common-Mode 
Rejection  Ratio 

G  =  100,  VCM  =  0.07V  to  3.3V 

G  =  10,  Vcm-  0.07V  to  3.0V,  VBEF  =  0.15V 

93  105 
82  99 

90  104 
80  98 

dB 
dB 

Is 

Supply  Current 

80  120 

85  145 

HA 

Vo 

Maximum  Output 
Voltage  Swing 

Output  High,  50k  to  GND 
Output  High,  2k  to  GND 
Output  Low,  VREF  =  0,  No  Load 
Output  Low,  VBEF  =  0, 2k  to  GND 

4.0  4.2 

3.3  3.8 

4  7 
0.6  1.2 
100  150 

4.0  4.2 
3.3  3.8 

4  7 
0.6  1.2 
 100  150  

V 
V 
mV 
mV 
mV 
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Gain  =  100  Non-Linearity 
Distribution 


Gain  =  10  Non-Linearity 
Distribution 


Gain  vs  Frequency 


0  >-> 

0  2 


VS=±15V 
_TA=25°C 
RL»50k1! 

708  UNITS 
"TESTED  IN 
ALL  PACKAGES 


 n 


_VS  =  ±15V  

T4=25"C 
-RL>2kS!  — 

-708  UNITS 
TESTED  IN 
-ALL  PACKAGES 


U  ] 


4  6  8  10  12  14  16  18 
GAIN  NON-LINEARITY  (PPM) 


0  2  4  6  8  10 

GAIN  NON-LINEARITY  (PPM) 


G  : 

III 

=  10C 

I 

■** 

llll  Ill 

VS=±15V 

=  25 

C  i 

'  & 

=  1C 

1k  10k  100k 
FREQUENCY  (Hz) 


Gain  Error  Over  Temperature 


Gain  Non-Linearity  Over 
Temperature 


Input  Offset  Voltage  Distribution 


SEE  GAIN 

VST 

\ 

FO 

R  DEFI 

ITIONS 

f® 
®/ 

®l 

0) 

TA  =  25°C 

746  UNITS  MEASURED  IN  ALL  PACKAGES 
'EACH  UNIT  MEASURED  AT  VS  =  5V, 
0V  ANDATVS=±15V 
4 


-50    -25      0       25      50      75      100  125 
TEMPERATURE  ("0 


Input  Bias  and  Offset  Currents  vs 


-200      -100         0         100  200 
INPUT  OFFSET  VOLTAGE  (pV) 

Input  Bias  Current  vs  Common- 
Mode  Voltage 


110 
100 
5  90 


V 

,=  ±1 

5V 

V 

,=5V. 

OV  

50 

-50  -25 


VS  =  5V,  OVTO  ±1 



'  - 

-lB- 

75     100  125 


m  _7 

-50    -25  0 


CO 


25  50 
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Common-Mode  Rejection  Ratio  vs 
Frequency 


Common-Mode  Range  vs  Supply 
Voltage 


Power  Supply  Rejection  Ratio  vs 
Frequency 


0.1       1       10      100      1k      10k  100k 
FREQUENCY (Hz) 

Output  Saturation  vs  Temperature 
vs  Sink  Current 


)    ±2  ±4   ±6  ±8  ±10  ±12  ±14  ±16  ±1 
SUPPLY  VOLTAGE  (V) 

Output  Voltage  Swing  vs  Load 
Current 


1k  10k 
FREQUENCY (Hz) 


Short  Circuit  Current  vs  Time 


-50  -25      0      25      50  75 
TEMPERATURE  ("C) 


Capacitive  Load  Handling 


7^ 

I 

=  +25°C,  Vs  = 

V.  ov 

> 

=  +25"C,  VS  = 

'  Tfl 

±  15V  - 

T4=  +125-C,  vs  =  : 
i  i 

V,  OV 

\  Ta=+125°C,  Vs=  ±15V 
l  l 

Ta 

=  +125 

=  ±15V 

 TA=+25°C,  Vs  =  ±15V- 

I          I  I 

01  0.1  1  10 

SOURCING  OR  SINKING  LOAD  CURRENT  (mA) 


Undistorted  Output  Swing  vs 


0  12  3 

TIME  FROM  OUTPUT  SHORT  TO  GROUNO  (MINUTES) 


Output  Impedance  vs  Frequency 


-  c 

=  1£ 

0  y 

s, 

=  10 

/ 

100        1k        10k  100k 
FREQUENCY (Hz) 
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Noise  Spectrum 


1  10  100  1000 

FREQUENCY  (Hz) 


Warm-Up  Drift 


Vs=  ±15V 
Ta  =  25°C 

WARM 

UP  DRIF 
=  5V.  0V 
SURABl 

T 
IS 

Y  LOW 

-ATVS 

imme; 

0  12  3 

TIME  AFTER  POWER  ON  (MINUTES) 


Large  Signal  Transient  Response 
G  =  10,VS=5V,0V 


5Q^/DIV 
OUTPUT  FROM  OV  TO  4.5V,  NO  LOAD 


Large  Signal  Transient  Response 
G  =  10,  Vs=  ±15V 


Large  Signal  Transient  Response 
G  =  100,VS=±15V 


Large  Signal  Transient  Response 
G  =  100,Vs  =  5V,0V 


100/iS/DIV 
OUTPUT  FROM  OV  TO  4.5V,  NO  LOAD 


Small  Signal  Transient  Response 
G  =  10,VS  =  5V,0V 


BiiiiliilBa 

20^/DIV 

OUTPUT  FROM  0.05V  TO  0.15V,  NO  LOAD 


Small  Signal  Transient  Response 
G  =  10,VS=±15V 


— 

■ISBssiHi 


20^/DIV 


Small  Signal  Transient  Response 
G  =  100,VS  =  5V,0V 


200^s/DIV 
OUTPUT  FROM  0.05V  TO  0.15V.  NO  LOAD 
(RESPONSE  WITH  Vs=  ±  15V,  G  =  100  IS  IDENTICAL) 
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Single  Supply:  Minimum 
Common-Mode  Voltage  vs  Output 
Voltage 


I 

— G 

125" 

—  25- 

125 

C 

25" 

c 

»1( 

-G 

o- 

V 

+  =  1.8 

VTO 

V 

-=ov 

ii 

Single  Supply:  Minimum  Output 
Voltage  vs  Common-Mode 
Voltage 


I     I  I 
V+  =  1.8VT0  15V 

1 

v-=ov 

ND  1  OAH 

-55° 

i 

125° 

: 

/a 

G 

=  10 

i 

-b 

3   C J 

'  12- 

C 

G  = 

10 

Minimum  Supply  Voltage  vs 
Temperature 


OUTPUT  VOLTAGE  (V) 


0     10    20    30    40    50    60    70    80    90  100 
MINIMUM  OUTPUT  VOLTAGE  (mV) 


0  25  50  75 
TEMPERATURE (°C) 


application  inponmnTion 

Single  Supply  Applications 

The  LT1101  is  the  first  instrumentation  amplifier  which  is 
fully  specified  for  single  supply  operation,  i.e.  when  the 
negative  supply  is  OV.  Both  the  input  common-mode  range 
and  the  output  swing  are  within  a  few  millivolts  of  ground. 

Probably  the  most  common  application  for  instrumenta- 
tion amplifiers  is  amplifying  a  differential  signal  from  a 
transducer  or  sensor  resistance  bridge.  All  competitive  in- 
strumentation amplifiers  have  a  minimum  required  com- 
mon-mode voltage  which  is  3V  to  5V  above  the  negative 
supply.  This  means  that  the  voltage  across  the  bridge  has 
to  be  6V  to  10V  or  dual  supplies  have  to  be  used,  i.e.  mi- 
cropower,  single  battery  usage  is  not  attainable  on  com- 
petitive devices. 

The  minimum  output  voltage  obtainable  on  the  LT1101  is  a 
function  of  the  input  common-mode  voltage.  When  the 
common-mode  voltage  is  high  and  the  output  is  low,  cur- 
rent will  flow  from  the  output  of  amplifier  A  into  the  output 
of  amplifier  B.  See  the  Minimum  Output  Voltage  vs  Com- 
mon-Mode Voltage  plot. 

Similarly,  the  Minimum  Common-Mode  Voltage  vs  Output 
Voltage  plot  specifies  the  expected  common-mode  range. 


When  the  output  is  high  and  input  common-mode  is  low, 
the  output  of  amplifier  A  has  to  sink  current  coming  from 
the  output  of  amplifier  B.  Since  amplifier  A  is  effectively  in 
unity  gain,  its  input  is  limited  by  its  output. 

Common-Mode  Rejection  vs  Frequency 

The  common-mode  rejection  ratio  (CMRR)  of  the  LT1101 
starts  to  roll  off  at  a  relatively  low  frequency.  However,  as 
shown  on  the  CMRR  vs  Frequency  plot,  CMRR  can  be  en- 
hanced significantly  by  connecting  an  82pF  capacitor  be- 
tween pins  1  and  2.  This  improvement  is  only  available  in 
the  gain  100  configuration,  and  it  is  in  excess  of  30dB  at 
60Hz. 

Offset  Nulling 

The  LT1101  is  not  equipped  with  dedicated  offset  null 
terminals.  In  many  bridge  transducer  or  sensor  applica- 
tions, calibrating  the  bridge  simultaneously  eliminates  the 
instrumentation  amplifier's  offset  as  a  source  of  error.  For 
example,  in  the  Micropower  Remote  Temperature  Sensor 
Application  shown,  one  adjustment  removes  the  offset  er- 
rors due  to  the  temperature  sensor,  voltage  reference  and 
the  LT1101. 
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A  simple  resistive  offset  adjust  procedure  is  shown  below. 
If  R  =  5fi  for  G  =  10,  and  R  =  50Q  for  G  =  100  then  the  effect 
of  R  on  gain  error  is  approximately  0.006%.  Unfortunately, 
about  450j(A  has  to  flow  through  R  to  bias  the  reference 
terminal  (pin  1)  and  to  null  out  the  worst-case  offset  volt- 
age. The  total  current  through  the  resistor  network  can  ex- 
ceed 1mA,  and  the  micropower  advantage  of  the  LT1101  is- 


Gains  Between  10  and  100 

Gains  between  10  and  100  can  be  achieved  by  connecting 
two  equal  resistors  (= Rx)  between  pins  1  and  2  and  pins  7 
and  8. 

□ 

Gain  =  10 + 


R  +  Rx/90 


Another  offset  adjust  scheme  uses  the  LT1077  micro- 
power  op  amp  to  drive  the  reference  pin  1.  Gain  error  and 
common-mode  rejection  are  unaffected,  the  total  current 
increase  is  45/tA.  The  offset  of  the  LT1077  is  trimmed  and 
amplified  to  match  and  cancel  the  offset  voltage  of  the 
LT1 101 .  Output  offset  null  range  is  ±  25mV. 


-1.2V  TO  -18V 


The  nominal  value  of  R  is  9.2kfi.  The  usefulness  of  this 
method  is  limited  by  the  fact  that  R  is  not  controlled  to 
better  than  ±  10%  absolute  accuracy  in  production.  How- 
ever, on  any  specific  unit  90R  can  be  measured  between 
pins  1  and  2. 

Input  Protection 

Instrumentation  amplifiers  are  often  used  in  harsh  envi- 
ronments where  overload  conditions  can  occur.  The 
LT1101  employs  PNP  input  transistors,  consequently  the 
differential  input  voltage  can  be  ±  30V  (with  ±  15V  sup- 
plies, ±  36V  with  ±  18V  supplies)  without  an  increase  in  in- 
put bias  current.  Competitive  instrumentation  amplifiers 
have  NPN  inputs  which  are  protected  by  back  to  back 
diodes.  When  the  differential  input  voltage  exceeds 
±  1.3V  on  these  competitive  devices,  input  current  in- 
creases to  the  milliampere  level;  more  than  ±  10V  differen- 

When  the  LT1101's  inputs  are  pulled  above  the  positive 
supply,  the  inputs  will  clamp  a  diode  voltage  above  the 
positive  supply.  No  damage  will  occur  if  tne  input  current 


50011  resistors  in  series  with  the  inputs  protect  the  LT1101 
when  the  inputs  are  pulled  as  much  as  10V  below  the 
negative  supply. 
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LT1101 


RPPLicATions  inFORmnnon 

Micropower,  Battery  Operated,  Remote  Temperature  Sensor 


TRIM  OUTPUT  TO  250mV  AT  25°C 
TEMPERATURE  RANGE  =  2.5°C  TO  150°C 
ACCURACY =  ±0.5°C 


Instrumentation  Amplifier  with  ±  150mA  Output  Current 


GAIN  =  10.  DEGRADED  BY  0.01%  DUE  TO  LT1010 
OUTPUT  =  ±  10V  INTO  75!!  (TO  1 .5kHz) 
DRIVES  ANY  CAPACITIVE  LOAD 
SINGLE  SUPPLY  APPLICATION  (V  +  =5V.  V-  =OV): 
V0UTMIN  =  120mV.  V0UTMAX=3.4V 


4mA  to  20mA  Loop  Receiver 


4mA  TO  20mA  IN  -  OV  TO  10V  OUT 
TRIM  OUTPUT  TO  5V  AT  12mA  IN 


Voltage  Controlled  Current  Source 


!ouT  =  0"lATO5mA 
VOLTAGE  COMPLIANCE  =6.4V 
(Rs200a) 


Differential  Voltage  Amplification  from  a  Resistance  Bridge 


MINIMUM  VOLTAGE  ACROSS  BRIDGE  =  20mV 
MINIMUM  SUPPLY  VOLTAGE  =  1  8V 
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AppucATions  inFORmnTion 

Gain  =  20, 1 1 0  or  200  Instrumentation  Amplifiers 
Differential  Output  Single  Ended  Output 


Ar/  TECHNOLOGY 

High  Speed,  Precision,  JFET  Input 
Instrumentation  Amplifier  (Fixed  Gain = 10  or  100) 


F€ATUR€S 

■  Slew  Rate 

30V/^s 

■  Gain-Bandwidth  Product 

35MHz 

■  Settling  Time  (0.01%) 

3ps 

■  Overdrive  Recovery 

O.fys 

■  Gain  Error 

0.05%  Max 

■  Gain  Drift 

5ppm/°C 

■  Gain  Non-Linearity 

16ppm  Max 

■  Offset  Voltage  (Input  +  Output) 

600^VMax 

-Drift  with  Temperature 

2.5(lV/°C 

■  Input  Bias  Current 

40pA  Max 

■  Input  Offset  Current 

40pA  Max 

-  Drift  with  Temperature  (to  70°C) 

0.5pA/°C 

APPLICATION 

■  Fast  Settling  Analog  Signal  Processing 

■  Multiplexed  Input  Data  Acquisition  Systems 

■  High  Source  Impedance  Signal  Amplification  from  High 
Resistance  Bridges,  Capacitance  Sensors,  Photodetec- 
tor  Sensors 

■  Bridge  Amplifier  with  <1  Hz  Lowpass  Filtering 


DCSCRIPTIOn 

The  LT1102  is  the  first  fast  FET  input  instrumentation  am- 
plifier offered  in  the  low  cost,  space  saving  8-pin 
packages.  Fixed  gains  of  10  and  100  are  provided  with  ex- 
cellent gain  accuracy  (0.01  %)  and  non-linearity  (3ppm).  No 
external  gain  setting  resistor  is  required. 

Slew  rate,  settling  time,  gain-bandwidth  product,  overdrive 
recovery  time  are  all  improved  compared  to  competitive 
high  speed  instrumentation  amplifiers. 

Industry  best  speed  performance  is  combined  with  im- 
pressive precision  specifications:  less  than  10pA  input 
bias  and  offset  currents,  200/tV  offset  voltage.  Unlike  other 
FET  input  instrumentation  amplifiers,  on  the  LT1102  there 
is  no  output  offset  voltage  contribution  to  total  error,  and 
input  bias  currents  do  not  double  with  every  10°C  rise  in 
temperature.  Indeed,  at  70°C  ambient  temperature  the  in- 
put bias  current  is  only  50pA. 
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absolut€  mnximum  rrtmgs 

Supply  Voltage  ±20V 

Differential  input  Voltage  ±40V 

Input  Voltage  +20V 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range 

LT1102AM/LT1102M  -55°Cto125°C 

LT1102I  -40°Cto85°C 

LT1102AC/LT1102C  0°Cto70°C 

Storage  Temperature  Range 

All  Grades  -65°Cto150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


Basic  Connections  Settling  Time  Test  Circuit  Offset  Nulling 

V+  NC 


GAIN  =  10 


PRCKRG€/ORD€R  IflFORfflRTIOR 




H  PACKAGE 
8-LEAD  TO-5  METAL  CAN 


ORDER  PART 
NUMBER 


LT1102AMH 
LT1102MH 
LT1102ACH 
LT1102CH 


TOP  VIEW 


J\  OUTPUT 


LT1102IN8 

LT1102ACN8 

LT1102CN8 


LT1102CJ8 
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€l€CTRICfll  CHRRRCT€RISTICS 

Vs  =  ±  15V,  Vcm = OV,  TA = 25°C,  Gain = 10  or  100,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 102  AM/AC 
MIN      TYP  MAX 

LT1102M/I/C 
MIN     TYP  MAX 

UNITS 

GE 

Gain  Error 

Vo=±10V,RL  =  50kor2k 

0.010  0.050 

0.012  0.070 

% 

Gain  Non-Linearity 

G  =  100,  RL  =  50k 
G  =  100,  RL=2k 
G  =  10,  RL=50kor2k 

3  14 
8  20 
7  16 

4  18 
8  25 
7  30 

ppm 
ppm 
ppm 

Vos 

Input  Offset  Voltage 

180  600 

200  900 

0 

u 

Input  Offset  Current 

3  40 

4  60 

pA 

lB 

Input  Bias  Current 

±3  ±40 

±4  ±60 

pA 

Input  Resistance 
Common-Mode 

Differential  Mode 

V™=  -11Vto8V 
VCM  =  8Vto11V 

1012 
10" 
10" 

1012 
10" 
10'2 

a 
a 
a 

e„ 

Input  Noise  Voltage 

0.1Hzto10Hz 

2.8 

2.8 

jiVp-p 

Input  Noise  Voltage 
Density 

fo  =  10Hz 

f0  =  1000Hz  (Note  1) 

37 

19  30 

37 
20 

nWVHz 
nV/Vfiz 

Input  Noise  Current 
Density 

fo  =  1000Hz,10Hz(Note2) 

1.5  4 

2  5 

fA/Vfiz 

Input  Voltage  Range 

±10.5  ±11.5 

±10.5  ±11.5 

V 

CMRR 

Common-Mode 
Rejection  Ratio 

1k  Source  Imbalance,  VCM  =  ±  10.5V 

84  98 

82  97 

dB 

PSRR 

Power  Supply 
Rejection  Ratio 

Vs=±9Vto±18V 

88  102 

86  101 

dB 

i 

Supply  Current 

3.3  5.0 

3.4  5.6 

mA 

v0 

Maximum  Output 
Voltage  Swing 

RL  =  50k 
RL  =  2k 

±  13.0    ±  13.5 
±12.0  ±13.0 

±13.0  ±13.5 
±12.0  ±13.0 

V 
V 

BW 

Bandwidth 

G  =  100  (Note  3) 
G  =  10  (Note  3) 

120  220 
2.0  3.5 

100  220 
1.7  3.5 

kHz 
MHz 

SR 

Slew  Rate 

G  =  100,  V]N=±  0.13V,  V0=±5V 
G  =  10,V|N=±1V,V0=±5V 

12  17 
21  30 

10  17 
18  30 

Vfcs 
V/^s 

Overdrive  Recovery 

50%  Overdrive  (Note  4) 

400 

400 

ns 

Settling  Time 

V0  =  20V  Step  (Note  3) 
G  =  10  to  0.05% 
G  =  10  to  0.01% 
G  =  100  to  0.05% 
G  =  100  to  0.01% 

1.8  4.0 
3.0  6.5 
7  13 
9  18 

1.8  4.0 
3.0  6.5 
7  13 
9  18 

fS 

i* 
f» 

M 

Note  1:  This  parameter  is  tested  on  a  sample  basis  only. 
Note  2:  Current  noise  is  calculated  from  the  formula: 
in=(2qlb)1'2 

where  q  =  1.6  x  10  19  coulomb.  The  noise  of  source  resistors  up  to  1GB 
swamps  the  contribution  of  current  noise. 
Note  3:  This  parameter  is  not  tested.  It  is  guaranteed  by  design  and  by 
inference  from  the  slew  rate  measurement. 


Note  4:  Overdrive  recovery  is  defined  as  the  time  delay  from  the  removal  of 
an  input  overdrive  to  the  output's  return  from  saturation  to  linear  operation. 
50%  overdrive  equals  V,N  =  ±  2V  (G  =  10)  or  VIN  =  ±  200mV  (G  =  100). 
Note  5:  This  parameter  is  not  tested.  It  is  guaranteed  by  design  and  by 
inference  from  other  tests. 
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€l€CTMCfll  CHRRRCTCRISTICS 

Vs  =  ±  15V,  VCM  =  OV,  Gain  =  10  or  100,  -  550C<TA<125°C  for  AM/M  grades,  -  40°C  sTa^C  for  I  grades,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 102  AM 
MIN     TYP  MAX 

LT1102M/I 
MIN     TYP  MAX 

UNITS 

Gain  Error 

G  =  100,  V0=  ±  10V,  RL=50kor2k 
G  =  10,  V0=  ±10V,RL=50kor2k 

0.10  0.25 
0.05  0.12 

0.10  0.30 
0.06  0.15 

% 
% 

TCGE 

Gain  Error  Drift 
(Note  5) 

G  =  100,  RL=50kor2k 
G  =  10,  RL  =  50k  or  2k 

9  20 
5  10 

10  25 
6  14 

ppm/°C 
ppm/°C 

GNL 

Gain  Non-Linearity 

G  =  100,  RL=50k 
G  =  100,  RL  =  2k 
G  =  10,  RL  =  50kor2k 

20  70 
28  85 
9  20 

24  90 
32  110 
9  24 

ppm 
ppm 
ppm 

Vos 

Input  Offset  Voltage 

300  1400 

400  2000 

dV 

AVos^AT 

Input  Offset  Voltage  Drift 

(Note  5) 

2  8 

3  12 

„WC 

'os 

Input  Offset  Current 

0.3  4 

0.4  6 

nA 

Ib 

Input  Bias  Current 

±2  ±10 

±2.5  ±15 

nA 

CMRR 

Common-Mode 
Rejection  Ratio 

VCM=±  10.3V 

82  97 

80  96 

dB 

PSRR 

Power  Supply 
Rejection  Ratio 

Vs=±10Vto±17V 

86  100 

84  99 

dB 

Is 

Supply  Current 

TA=125°C 

2.5 

2.5 

mA 

Vo 

Maximum  Output 
Voltage  Swing 

RL  =  50k 
RL  =  2k 

±12.5  ±13.2 
±12.0  ±12.6 

±12.5  ±13.2 
±12.0  ±12.6 

V 
V 

€l€CTRICfll  CHRRRCTCRISTICS 

Vs  =  ±  1 5V,  VCm  =  0V,  Gain  =  10  or  1 00, 0°C  < TA  <  70°C,  unless  otherwise  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

LT1102AC 
MIN      TYP  MAX 

LT1102C 
MIN      TYP  MAX 

UNITS 

GE 

Gain  Error 

G  =  100,Vo=±10V,RL=50kor2k 
G  =  10,  Vo=±10V,RL=50kor2k 

0.04  0.11 
0.03  0.09 

0.05  0.14 
0.04  0.12 

% 
% 

TCGE 

Gain  Error  Drift 
(Note  5) 

G  =  100,  RL=50kor2k 
G  =  10,  RL  =  50kor2k 

8  18 
5  10 

9  22 
6  14 

ppm/°C 
ppm/°C 

Gain  Non-Linearity 

G  =  100,  RL  =  50k 
G  =  100,  RL  =  2k 
G  =  10,  RL  =  50kor2k 

8  30 
11  36 
8  18 

9  40 
12  48 
8  22 

PPm 
ppm 
ppm 

Vos 

Input  Offset  Voltage 

230  1000 

280  1400 

fV 

AV0S/AT 

Input  Offset  Voltage  Drift 

(Note  5) 

2  8 

3  12 

lM°C 

'os 

Input  Offset  Current 

10  150 

15  220 

pA 

AIqs/AT 

Input  Offset  Current  Drift 

(Note  5) 

0.5  3 

0.5  4 

pA/°C 

Ib 

Input  Bias  Current 

±40  ±300 

±50  ±400 

PA 

Alg/AT 

Input  Bias  Current  Drift 

(Note  5) 

1  4 

1  6 

pA/°C 

CMRR 

Common-Mode 
Rejection  Ratio 

VCM=±  10.3V 

83  98 

81  97 

dB 

PSRR 

Power  Supply 
Rejection  Ratio 

Vs=±10Vto±17V 

87  101 

85  100 

dB 

Is 

Supply  Current 

TA  =  70°C 

2.8 

2.9 

mA 

Vo 

Maximum  Output 
Voltage  Swing 

RL  =  50k 
RL  =  2k 

±12.8  ±13.4 
±12.0  ±12.8 

±12.8  ±13.4 
±12.0  ±12.8 

V 
V 
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TVPicni  p€Rfonmnnc€  CHnnncTCRisncs 


Small  Signal  Response,  G  =  10  Small  Signal  Response,  G  =  100  Slew  Rate,  G  =  100 

(Input  =  50mV  Pulse)  (Input  =  5mV  Pulse)  (Input  =  ±130mV  Pulse) 


2HS/DIV  2ns/DIV  2(is/DIV 

mt02-rraji  LTH02-rraH  ltudz-tpob 


Settling  Time,  G  =  10  Settling  Time,  G  =  10  Settling  Time,  G  =  100 

(Input  From  -10V  to  +10V)  (Input  From  +10V  to  -10V)  (Input  From  -10V  to  +10V) 


1ps/DlV  1ns/DIV  2jis/DIV 

LI11K-TPCW  LT1I02-TPCOS  LTttOJ  •  TPCOG 


TECHNOLOGY 
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TYPICAL  PCRFORmnntf  CHARACTERISTICS 


Gain  vs  Frequency 


Undistorted  Output  vs  Frequency 


100k  1M 
FREQUENCY  (Hz) 


LT1 102  •  TPC10 


100k  1M 
FREQUENCY  (Hz) 


100 

If  70 


Voltage  Noise  vs  Frequency 


/S=±15V  — 



A  =  25 

"C 

1/fC 

)RNER 

=  28H 

E 

LT1102-TPC1I 


10     30     100    300     1k      3k  10k 
FREQUENCY (Hz) 


LT1102-TPC12 


Input  Bias  Current  Over 
the  Common  Mode  Range 


-vs 

±15V 

/ 

Ti 

=  125" 

=  70°C 

25°C 

160  - 

140  = 

120  £ 
o 

100  § 
80  % 
60  * 
40 

20  ° 
o 

-20* 


Warm-Up  Drift 


vs  = 

Ta  = 

i15V 
25°C 

N  PACK* 

GE 

H 

WD  J  PA 

:kage 

Common  Mode  Range  vs 
Temperature 


—  Vs  =  i15V- 

J  L 


-50 


COMMON  MODE  VOLTAGE  (V) 

LTM02-TPCI3 


TIME  AFTER  POWER  ON  (MINUTES) 

LT1102-TPCM 


0  50 
TEMPERATURE  (°C) 


100 


Supply  Current  vs  Temperature 


Short  Circuit  Current  us  Time 


Distribution  of  Offset  Voltage 


TEMPERATURE  f  C) 


50 

40 

< 

30 

.  ■ 

20 

en 
az 

10 

o 

0 

3 

o 

-10 

o 

-20 

cc 

o 
X 

-30 

CO 

-40 

-50 

TA  =  -55"C 

TA=25'C 

-vs  = 

±15V- 

Ta  = 

25°C 

TA=125"C 

TA=  25°C 

I 

Ta=- 

-55"C 

35 

30 

to 

25 

. " 

20 

o 

■ 

15 

O 

10 

5 

0 

--'s 
-Ta 

I 

=  i15V 

III! 
950  UNITS  TESTED 
IN  ALL  PACKAGES 

■ 

I 

-0.8  -0.4 


0.4 


LTUD2-TPC16 


TIME  FROM  OUTPUT  SHORT  TO  GROUND  (MINUTES) 

LTIIOT-TPC17 


INPUT  OFFSET  VOLTAGE  (mV) 

LT11M.TPC1B 
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Tvpicni  P€RFORmnnc€  charactcristics 


Gain  Error  vs  Temperature 


Gain  Non-Linearity  Over  Temperature 


0.08 
~006 

O 
cr 
oc 

m 

^  0.04 


±15V 

RL> 

2k 

G 

=  100 

'g  = 

0 

G 

=  100 

R 

L=  50k  / 
\  i  1 

G  = 

10 

2k  OR 

RL= 

50k 

—  G 
_«l 

=  100" 
=  2k 



-50   -25      0      25     50     75     100  125 
TEMPERATURE  ("C) 


LT1102-TPC19 


-50   -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 


LTiioz-TPcra 


AppucfiTions  inFORmnTion 

In  the  two  op  amp  instrumentation  amplifier  configuration, 
the  first  amplifier  is  basically  in  unity  gain,  and  the  second 
amplifier  provides  all  the  voltage  gain.  In  the  LT1102  the 
second  amplifier  is  decompensated  for  gain  of  1 0  stability, 
therefore  high  slew  rate  and  bandwidth  are  achieved. 
Common  mode  rejection  versus  frequency  is  also  opti- 
mized in  the  G  =  10  mode,  because  the  bandwidths  of  the 
two  op  amps  are  similar.  When  G  =  100  this  statement  is 
no  longer  true.  However,  by  connecting  an  1 8pF  capacitor 
between  pins  1  and  2,  a  common  mode  AC  gain  is  created 
to  cancel  the  inherent  roll-off.  From  200Hzto  30kHz  CMRR 
versus  frequency  is  improved  by  an  order  of  magnitude. 

Input  Protection 

Instrumentation  amplifiers  are  often  used  in  harsh  envi- 
ronments where  overload  conditions  can  occur.  The 
LT1 102  employs  FET  input  transistors,  consequently  the 
differential  input  voltage  can  be  ±30V  (with  +15V  sup- 
plies, ±36V  with  +18V  supplies)  Some  competitive  in- 
strumentation amplifiers  have  NPN  inputs  which  are 
protected  by  back  to  back  diodes.  When  the  differential 
input  voltage  exceeds  ±1 .3V  on  these  competitive  devices, 
input  current  increases  to  milliampere  level;  more  than 
±1 OV  differential  voltage  can  cause  permanent  damage. 

When  the  LT1102  inputs  are  pulled  below  the  negative 
supply  or  above  the  positive  supply,  the  inputs  will  clamp 
a  diode  voltage  below  or  above  the  supplies.  No  damage 
will  occur  if  the  input  current  is  limited  to  20mA. 


Common  Mode  Rejection  Ratio  vs  Frequency 


100      1k      10k     100k  1M 
FREQUENCY  (Hz) 

LTI102-TMZ 

Gains  Between  10  and  100 

Gains  between  1 0  and  1 00  can  be  achieved  by  connecting 
two  equal  resistors  (=RX)  between  pins  1  and  2  and  pins 
7  and  8. 

Gain  =  10  +  

R  +  Rx/90 

The  nominal  value  of  R  is  1 .84kil  The  usefulness  of  this 
method  is  limited  by  the  fact  that  R  is  not  controlled  to 
better  than  ±10%  absolute  accuracy  is  production.  How- 
ever, on  any  specific  unit  90R  can  be  measured  between 
pins  1  and  2. 
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flppucOTions  inFORmnnon 

Differential  Output 


Gain  =  20, 110,  or  200  Instrumentation  Amplifiers 


6 

3 

IN 

6 

3 

OUT 


■ 

3 

IN 

LT1102 

GAIN  =  200.  AS  SHOWN 

GAIN  =  20,  SHORT  PIN  1  TO  PIN  2,  PIN  7  TO  PIN  8  ON  BOTH  DEVICES 
GAIN  =  110.  SHORT  PIN  1  TO  PIN  2.  PIN  7  TO  PIN  8  ON  ONE  DEVICE,  NOT  ON  THE  OTHER 
INPUT  REFERRED  NOISE  IS  REDUCED  8Y\  2  (G  =  200  OR  20) 

Multiplexed  Input  Data  Acquisition 


4  CHANNELS 

OF  j 
DIFFERENTIAL  ^ 
INPUT 


AO    A1  EN 

800kHz  SIGNALS  CAN  BE  MULTIPLEXED  WITH  LT1102  IN  G  =  10 


Voltage  Programmable  Current  Source  is  Simple  and  Precise 

LT1006 


Dynamic  Response  of  the  Current  Source 


=  PRECISION  FILM  TYPE 


HORIZ.  =  20ns/DIV 
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SCCTIOn  4— POW€R  PRODUCTS 
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J^^f  TECHNOLOGY 


INDEX 


SECTION  4— POWER  PRODUCTS 


SELECTION  GUIDES   4-3 

PROPRIETARY  PRODUCTS 

INDUCTORLESS  DC  TO  DC  CONVERTERS   4-15 

LTC1046,  50mA  Switched  Capacitor  Voltage  Converter  4-16 

HIGH  SIDE  SWITCHES   4-25 

LTC1 155,  Dual  High  Side  Micropower  N-Channel  MOSFET  Driver  with  Internal  Charge  Pump  4-26 

L  TC1 156,  Quad  High  Side  Micropower  N-Channel  MOSFET  Driver  with  Internal  Charge  Pump  4-41 

LT1188,  1.5A  High  Side  Switch  4-48 

LINEAR  REGULATORS  4-55 

L  T1087,  Adjustable  Low  Dropout  Regulator  with  Kelvin-Sense  Inputs  4-56 

LT1117,  800mA  Low  Dropout  Positive  Regulators;  Adjustable  and  Fixed  2.85V ,  5V  4-63 

LT1121-5,  Micropower  Low  Dropout  Regulator  13-46 

LT1123,  5V  Low  Dropout  Regulator  Driver  4-75 

LT1123-2.85,  Low  Dropout  Regulator  Driver  for  SCSI-2  Active  Termination  13-48 

L  T1 185,  Low  Dropout  Regulator  with  Adjustable  Current  Limit  4-86 

POWER  AND  MOTOR  CONTROL   4-101 

L  T1 158,  Half  Bridge  N-Channel  Power  MOSFET  Driver  4-1 02 

LT1241-45,  High  Speed  Current  Mode  Pulse  Width  Modulators  4-122 

LT1246,  1MHz  Off-Line  Current  Mode  PWM  4-134 

LT1432,  bl'  High  Efficiency  Step-Down  Switching  Regulator  Controller  4-145 

SWITCHING  REGULATORS  4-173 

LT1073,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V  4-174 

LT1074/LT1076,  Step-Down  Switching  Regulator  4-193 

LT1076-5,  5V  Step-Down  Switching  Regulator  4-208 

LT1082,  1A  High  Voltage  High  Efficiency  Switching  Regulator  13-29 

L  T1 103/L  T1 105,  Off-Line  Switching  Regulator  4-21 1 

LT1108,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V  13-37 

LT1109,  Flash  Memory  Vpp  Generator/Low  Cost  DC-to-DC  Converter  4-238 

LT1109A,  Micropower  Low  Cost  DC-to-DC  Converter  Adjustable  and  Fixed  5V,  12V  13-41 

LT1110,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V,  High  Freguency  4-245 

LT1111,  Micropower  DC-to-DC  Converter  Adjustable  and  Fixed  5V,  12V,  High  Freguency  4-260 

LT1 129-2.85,  LT1 129-3.3,  LT1129-5,  500mA  Low  Ig  Low  Dropout  Regulator  13-51 

LT1173,  Micropower  DC-DC  Converter  Adjustable  and  Fixed  5V,  12V  4-275 

LT1270/L  T1270A,  8A  and  10A  High  Efficiency  Switching  Regulators  4-290 

LT1271,  4A  High  Efficiency  Switching  Regulator  13-88 
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XTUflfiS 


LINEAR  REGULATORS 


Positive 


]— i—  Low  Dropout 


-   3V  Dropout 


AdjustaPle 


Fixed  +5V 


Fixed  +  12V 


Fixed  +2.85V 


LT1083  (7.5A) 
LT1084  (5A) 
LT1085 (3A) 
LT1086  (1.5A) 
LT1020  (0.1 25A) 
LT1117  (0.8A; 
LT1120  m.  ' 


.8A) 
.125A) 


LT1 083-5  (7.5A) 
LT1 084-5  (5A) 
LT1 085-5  (3A) 
LT1 086-5  (1.5A) 
LT1117-5  (0.8A) 
LT1121  (0.1 5A) 
LT1123 
(pnp  Driver) 


LT1083-12  (7.5A) 
LT1084-12  5A) 
LT1085-12  (3A) 
LT1086-12  (1.5A) 


LT1 11 7-2.85  (SOT223) 
LT1 086-2.85  (1.5A) 
LT1 123-2.85 
(pnp  Driver) 


Adjustable 


Fixed  +5V 


Logic  Controlled 


1%V, 


REF 


4%Vr 


REF 


LT1003  (5A) 
LT123A/323A  (3A) 
LM1 23/323  (3A) 


LT1005 (5V1A) 
LT1035 (5V3A) 
LT1036  (12V.3A) 


LT1038  (10A) 
LT138A/338A(5A 
LT150A/350A 
LT117A/317A 


5A) 
3A 
1.5A) 


LM 138/338  (5A) 
LM 150/350  3A 
LM117/317  1.5A) 


Low  Dropout 

w/  Remote  Sense 


LT1087  (3A) 


Negative  I- 

Low  Dropout 

Adjustable 

LT1185 (3A) 

3V  Dropout 

Adjustable 


i%v„ 


4%V„ 


LT1033  (3A) 
LT137A/337A  (1.5A) 


LM1 37/337  (1.5A) 
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SWITCHING  REGULATOR  SELECTION  GUIDE 


OPTIMIZED  FOR  STEP-UP 
OR  FLYBACK  CONFIGURATIONS 

BOTH 

OPTIMIZED  FOR 
STEP-DOWN  OR 
INVERTING  APPLICATIONS 

OFFLINE 
PWM  CONTROLLERS 

tor 

ICY 

40kHz 

60kHz 

100kHz 

20kHz 

60kHz 

100kHz 

200kHz 

500kHz 

1MHz 

10A 

LT1270A 

8A 

LT1270 

5A 

LT1070 

LT1170 

LT1074 

2.5A 

LT1071 

LT1171 

2A 

LT1076** 

LT1103 

1.25A 

LT1072 

LT1172 

1A 

LT1082 

LT1073* 
LT1173* 

IMICRDPOWEHl 

LT1110* 

0.5A 

LT1109 

(MICROPOWER] 



EXTERNAL 

I 

I 

LT1105 

LT124X 

LT1246 

INPUT  VOLTAGE  (V) 

MAXIMUM 

MAX  RATED 

PACKAGES 

MIN 

MAX 

SWITCH  VOLTAGE  (V) 

SWITCH  CURRENT  (A) 

AVAILABLE 

LT1070 

3 

40 

65 

5 

K,T 

LT1070HV 

3  60 

75 

5 

K,T 

LT1071 

3  40 

65 

2.5 

K,T 

LT1071HV 

3 

60 

75 

2.5 

K,T 

LT1072 

3 

40 

65 

1.25 

K,T,  N8.S8,  S16 

LT1072HV 

3 

60 

75 

1.25 

K.T 

LT1073* 

1 

36 

50 

1 

N8.  S8 

LT1074 

3 

40 

65 

5 

K,  0,T, V 

LT1074HV 

3 

60 

75 

5 

K,  T,  V 

LT1076** 

3 

40 

65 

2 

K.  R,T.  V.  Y 

LT1076HV 

3 

60 

75 

2 

K.  R.T.  V.  Y 

LT1082 

3 

75 

100 

1 

J8.  N8.  S.  T 

LT1109* 

2 

36 

50 

0.5 

N8.  S8,  Z 

LT1110* 

1 

15 

40 

1 

N8.S8 

LT1111* 

2 

36 

50 

1 

N8.S8 

LT1170 

3 

40 

65 

5 

K.T 

LT1170HV 

3 

60 

75 

5 

K.T 

LT1171 

3 

40 

65 

2.5 

K.  Q.T 

LT1171HV 

3 

60 

75 

2.5 

K.T 

LT1172 

3 

40 

65 

1.25 

K.  T.  N8.  S8.  S16 

LT1172HV 

3 

60 

75 

1.25 

K.T 

LT1173* 

2 

36 

30 

1 

N8.  S8 

LT1270A 

3 

30 

60 

10 

T 

LT1270 

3 

30 

60 

8 

T 

LT1271 

3  30 

60 

4 

T,Q 

*  Fixed  +5V  and  +1 2V  output  versions  available 
**  Fixed  +5V  version  available 
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POWER  SUPPLY  PRODUCTS  SELECTION  GUIDE 


miUTRRV 


lo 

OUTPUT 
CURRENT 
(AMPS)' 

POSITIVE 

OR 
NEGATIVE 
OUTPUT* 

PART  NUMBER 

PACKAGE 
TYPE 

Wdiff 
MAX 
(V) 

V0  NOMINAL 
REGULATED 
OUTPUT  VOLTAGE 

(V) 

FEATURE/COMMENTS 

10.0 

Pos  Adj 

LT1038MK 

Steel  TO-3 

35 

1.2  to  33 

0.8%  VrjuT  Tol,  Plug  in  Compatible  with  1 1 7, 1 50, 1 38  Types 

7.5 

Pos  Fixed 

LT1083MK-5 
LT1083MK-12 

Steel  TO-3 
Steel  TO-3 

30 
30 

5 

12 

Low  Dropout  (1.2V),  1%  VqutToI 
Low  Dropout  (1.2V),  1%  Vout  Tol 

Pos  Adj 

LT1083MK 

Steel  TO-3 

35 

1.2  to  34 

Low  Dropout  (1.2V),  1%  VREFTol,  Pin  Compatible  with  117, 150, 138 
Types 

5  0 

Pos  Fixed 

LT1084MK-5 
LT1084MK-12 
LT1003MK 

Steel  TO-3 
Steel  TO-3 
Steel  TO-3 

30 
30 
20 

5 

12 
5 

Low  Dropout  (1.2V),  1%VoufTol 
Low  Dropout  (1.2V),  1  %V0Ut  Tol 
2%  V0ut  Tol 

Pos  Adj 

LT138AK  LM138K 
LT1084MK 

Steel  TO-3 
Steel  TO-3 

35 
35 

1.2  to  32 
1.2  to  34 

LT138A  Has  1%  VREFTol 

Low  Dropout  (1.2V),  1%  VREf  To],  Pin  Compatible  with  117, 150, 138 
Types 

Switching 

LT1070MK 

LT1070HVMK 

LT1074MK 

LT1074HVMK 

LT1170MK 

Steel  TO-3 
Steel  TO-3 
Steel  TO-3 
Steel  TO-3 
Steel  TO-3 

40 
60 
45 
64 
40 

• 

Self  Contained  40kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  40kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 
Self-Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 
Self-Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  package 

3.0 

Pos  Fixed 

LT1085MK-5 
LT1085MK-12 

Tt  IT  AL/   1  AAt  00^ 

LI123AK  LrVn23R 

Steel  TO-3 
Steel  TO-3 

Ctnnl  Tn  0 

oteei  i  u-o 

30 
30 
20 

5 

12 
5 

Low  Dropout  (1.2V),  1%  Vout  Tol 
Low  Dropout  (1 -2V),  1  %  Vout  Tol 

1  T119  A           to/  W  T„l 

LI  12JA  Has  1  /a  Vqut  1  Ol 

Pos  Adj 

LT1085MK 

steel  I  o-o 
Steel  TO-3 

35 
35 

1.2  to  33 
1.2  to  34 

L 1 1 DUA  Has  1 7o  Vref  1  Ol 

Low  Dropout  (1.2V),  1%  VREF  Tol,  Pin  Compatible  with  117, 150  Types 

Neg  Adj 

LT1033MK 

Steel  TO-3 

35 

-1.2  to -32 

2%  VREFTol 

Dual  Pos  Fixed 

LT1035MK 

Steel  TO-3 

20 

Two  5V  Outputs 

Logic  Controlled  Main  Output  Voltage,  75mA 

Positive 

LT1036MK 

Steel  TO-3 

30 

12,5 

Logic  Controlled  12V,  3A  Output,  5V,  75mA  Auxiliary  Output 

2.5 

Switiching 

IT1071MK 

LT1071HVMK 

LT1171MK 

Steel  TO-3 
Steel  TO-3 
Steel  TO-3 

40 
60 
40 

• 

Self  Contained  40kHz  PWM  and  2,5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  40kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  100kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Package 

2.0 

Switiching 

LT1076MK 
LT1076HVMK 

Steel  TO-3 
Steel  TO-3 

45 
64 

• 

Self  Contained  100kHz  PWM  and  2.0  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  100kHz  PWM  and  2.0  Amp  Switch  in  a  5-Pin  Package 

1.5 

Pos  Fixed 

LM1086MK-5 
LT1086MK-12 

Steel  TO-3 
Steel  TO-3 

30 
30 

5 

12 

Low  Dropout  (1 .2V),  1  %  Vout  Tol 
Low  Dropout  (1.2V),  1%  Vout  Tol 

Pos  Adj 

LT1086MK 

Steel  TO-3 

30 

1.2  to  29 

Low  Dropout  (1.2V),  1%  VREF  Tol,  Pin  Compatible  with  117  Types 

0.5  to  1.5 

Pos  Adj 

LT117AK  LM117K 
LT117AH  LM117H 
LT1086MH 

Steel  TO-3 

TO-39 

TO-39 

40 
40 

30 

1.2  to  37 
1 .2  to  29 

LT117A  Has  1%  Vref  Tol 

Low  Dropout  (1,2V),  1%  Vref  Tol,  Pin  Compatible  with  117  Types 

Neg  Adj 

LT137AK  LM137K 
LT137AH  LM137H 

Steel  TO-3 
TO-39 

40 
40 

-1.2  to -37 

LT137A  Has  1%  V„EF  Tol 

Pos  Adj 
High  Voltage 

LT117AHVK  LM117HVK 
LT117AHVH  LM117HVH 

Steel  TO-3 
TO-39 

60 
60 

1.2  to  57 

LT117AHV  Has  1%  VREF  Tol 

Neg  Adj 
High  Voltage 

LT1 37AHVK  LM1 37HVK 
LT137AHVH  LM137HVH 

Steel  TO-3 
TO-39 

50 
50 

-1.2  to -47 

LT137AHV  Has  1%  VREf  Tol 

1.25 

Switching 

LT1072MJ8 

LT1072MK 

LT1072HVMK 

LT1172MJ8 

LT1172MK 

CERDIP 
Steel  TO-3 
Steel  TO-3 
CERDIP 
Steel  TO-3 

40 
40 
60 
40 
40 

Self  Contained  40kHz  PWM  and  1 .25  Amp  Switch 
Self  Contained  40kHz  PWM  and  1 .25  Amp  Switch 
Self  Contained  40kHz  PWM  and  1 .25  Amp  Switch 
Self  Contained  1 00kHz  PWM  and  1 .25  Amp  Switch 
Sell  Contained  1 00kHz  PWM  and  1 .25  Amp  Switch 

1.0 

Dual  Pos  Fixed 

LT1005MK 

Steel  TO-3 

20 

Two  5V  Outputs 

Logic  Controlled  1  Amp  Main  Output  Voltage,  35mA  Auxiliary  Output 

125mA 

Positive 

LT1020MJ 
LT1120MJ8 

14-Pin  CERDIP 
8-Pin  CERDIP 

36 
36 

4  to  30 
4  to  30 

Dropout  Voltage  =  0.5V,  40pAIQ,  Reference  and  Comparator 
Dropout  Voltage  =  0.5V,  40uAIQ,  Reference  and  Comparator 

40mA  to 
100mA 

Switched 
Capacitor 

LT1026MJ8 

LT1026MH 

LTC1044MJ8 

LTC1044MH 

LT1054MJ8 

LT1054MH 

CERDIP 
TO-5  Can 
CERDIP 
TO-5  Can 
CERDIP 

TO-5  Can 

10 
10 

9.5 
9.5 
16 

16 

tt 

tt 

Voltage  Converter,  10mA  Output 

Voltage  Converter,  10mA  Output 

Voltage  Converter,  40mA  Output,  5kHz  Switching  Rate 

Voltage  Converter,  40mA  Output,  5kHz  Switching  Rate 

Voltage  Converter  and  Regulator,  100mA  Output,  25kHz 

Switching  Rate 

Voltage  Converter  and  Regulator,  100mA  Output,  25kHz  Switching 
Rate 

The  l0  values  for  the  LT1070,  LT1071 ,  LT1072,  LT1073,  LT1074,  LT1170,  **  These  devices  are  non-regulating  converters. 

LT1 171 ,  and  LT1 1 72,  are  switch  current  values.  Actual  output  current,  voltage         "  The  available  output  voltage  range  is  dependent  upon  the  mode. 

and  polarity  depends  on  the  type  of  switching  regulator  employed.  NOTE:  See  page  4-3  for  DESC  cross  reference  numbers. 


POWER  SUPPLY  PRODUCTS  SELECTION  GUIDE 


commcftciflL 


lo 

POSITIVE 

Vik/ 

Vq  nominal 

flllTDI  IT 
UU 1 rUl 

un 

Vmcc 

"DIFF 

RFfilll  ATFO 

nLuULn l lu 

CURRENT 

NEGATIVE 

PACKAGE 

MAX 

OUTPUT  VOLTAGE 

(AMPS)* 

OUTPUT* 

PART  NUMBER 

TYPE 

(V) 

(V) 

FEATURE/COMMENTS 

10.0 

Pos  Adj 

L 1 1 UJOL-r\ 

Qtool  Tfi-1 
Olocl  1  U  J 

35 

1  2  to  33 

2%  VoutToI  Plug  In  Compatible  with  317, 350, 338  Types 

Switching 

LT1270ACT 

T0-220 

30 

Selt  Contained  60kHz  PWM  and  10  Amp  Switch  in  a  5-Pin  Package 

8.0 

Switching 

LT1270CT 

TO-220 

30 

Self  Contained  60kHz  PWM  and  8  Amp  Switch  in  a  5-Pin  Package 

7.5 

Pos  Fixed 

LT1083CK-5 

Steel  TO-3 

30 

5 

Low  Dropout  (1.2V),  1%  V0ut  Tol 

LT1083CP-5 

Plastic  T0-3P 

30 

5 

Low  Dropout  (1.2V),  1  %  V0Ut  Tol 

LT1083CK-12 

Steel  TO-3 

30 

12 

Low  Dropout  (1.2V),  1%  V0UT  Tol 

LT1083CP-12 

Plastic  T0-3P 

30 

12 

Low  Dropout  (1.2V),  1%  V0UT  Tol 

Pos  Adj 

LT1083CK 

Steel  TO-3 

30 

1.2  to  29 

Low  Dropout  (1  2V).  Pin  Compatible  with  31 7, 350, 338  Types 

LT1083CP 

Plastic  T0-3P 

30 

1.2  to  29 

Low  Dropout  (1  2V),  Pin  Compatible  with  31 7, 350, 338  Types 

5.0 

Pos  Fixed 

LT1003CK 

Steel  T0-3 

20 

5 

2%V0utToI 

LT1003CP 

Plastic  T0-3P 

20 

5 

2%V0utToI 

LT1 084CK-5 

Steel  TO-3 

30 

5 

Low  Dropout  (1 ,2V),  1%  V0ut  Tol 

LT1 084CP-5 

Plastic  T0-3P 

30 

5 

Low  Dropout  (1 ,2V),  1%  VrjuT  Tol 

LT1 084CK-12 

Steel  T0-3 

30 

12 

Low  Dropout  (1.2V),  1%  V0mt  Tol 

LT1 084CP-12 

Plastic  T0-3P 

30 

12 

Low  Dropout  (1 ,2V),  1%  Vout  Tol 

Pos  Adj 

1  TlldAIZ  1  Mllftlf 

Qtool  Tfl  1 

oieei  i  u  o 

V\ 

OJ 

1  2  to  32 

1  TllftA  Hac  1°/-  \/~^  Tnl 
LlooOHndS  1  /o  VRf-F  '01 

1  TIIOAP  1  M110D 

Dtirtif  Tfl  IP 

riaSIIC  1  Ll-or 

35 

I  d  IO  JZ 

1  TllftA  Wac  10/  \/  Tnl 

LijooAnas  i  /o  vpr-p  ioi 

1  T1  F\QArV 

L 1 1 U840K 

oieei  i  u-o 

in 
ou 

I  .C  IO  CM 

I  niM  nmnmit  (1  r>\l\  Pin  Pnmnatihlo  with  117  I'-iO  11ft  T\/nPQ 

low  urupuui  \\  .dv  j,  nil  uuiiipdiiuic  win i  o  i  / ,  oou,  ooo  i  ypei 

I  T1  CiQATD 

Plirti/,  TO  IP 

riaSIIC  1  U-or 

in 
ou 

1 .2  to  29 

1  mil  rir/innii*  f1  1W1    Din  Pnmnntihln  n,ith  117    1^11    11ft  TimoC 

low  uropour  ( i  .^v),  nn  Lompaiioic  wun  j  i  / ,  jou,  ooo  i  ypc^ 

1  thwct 

L  1  J  UU  I  \J  1 

T0-220 

30 

1 .2  to  29 

Low  Dropout  (1 .2V)  with  Kelvin  Sense 

— —  

Switching 

L 1 1  u7U0l\ 

oieei  i  u-o 

An 

Colt  PnnloinoH  Ani/U-i  Dlrt/^fl  anrl  ^  Amn  Qmitnh  in  a  fi-Pin  Pantano 
OBIT  UOrildineO  *tUKnZ  rVVIVI  dllU  J  Mllip  OWIILII  III  d  D  rill  rdLKdyt; 

1  T1  (17f1PT 

LI  I U / UU I 

T0-220 

40 

Self  Contained  40kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1070HVCK 

Steel  TO-3 

60 

Self  Contained  40kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1070HVCT 

T0-220 

60 

Self  Contained  40kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1074CK 

Steel  TO-3 

45 

Self  Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1074CT 

TO-220 

45 

• 

Self  Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1074CV 

11  Lead  SIP 

45 

• 

Self  Contained  100kHz  PWM  and  5A  Switch  in  a  11-Pin  Power  SIP  Pkg 

LT1074HVCK 

Steel  TO-3 

64 

• 

Self  Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1074HVCT 

TO-220 

64 

* 

Self  Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1074HVCV 

11  Lead  SIP 

64 

* 

Self  Contained  100kHz  PWM  and  5A  Switch  in  a  1 1  -Pin  Power  SIP  Pkg 

LT1170CK 

Steel  TO-3 

40 

* 

Self  Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1170CT 

TO-220 

40 

• 

Self  Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

LT1170HVCT 

TO-220 

60 

• 

Self  Contained  100kHz  PWM  and  5  Amp  Switch  in  a  5-Pin  Package 

4.0 

Switching 

LT1271CQ 

Plastic  DD 

30 

* 

Self  Contained  60kHz  PWM  and  4  Amp  Switch  in  5-Pin  Surface  Mt  Pkg 

LT1271CT 

TO-220 

30 

* 

Self  Contained  60kHz  PWM  and  4  Amp  Switch  in  5-Pin  Surface  Mt  Pkg 

3.0 

Pos  Fixed 

LT323AK  LM323K 

Steel  TO-3 

20 

5 

LT323A  Has  1%  Vout  Tol 

LT323AT 

TO-220 

20 

5 

LT323A  Has  1%  Vout  Tol 

U1085CK-5 

Steel  TO-3 

30 

5 

Low  Dropout  (1.2V),  1%  Vout  Tol 

LT1085CT-5 

TO-220 

30 

5 

Low  Dropout  (1 .2V),  1  %  V0ut  Tol 

LT1085CK-12 

Steel  TO-3 

30 

12 

Low  Dropout  (1 ,2V),  1%  V0Ut  Tol 

LT1085CT-12 

TO-220 

30 

12 

Low  Dropout  (1 ,2V),  1  %  V0ut  Tol 

Pos  Adj 

LT350AK  LM350K 

Steel  T0-3 

35 

1.2  to  33 

LT350AHas1%VREFTol 

LT350AT  LM350T 

TO-220 

35 

1.2  to  33 

LT350AHas1%VREFTol 

LT350AP  LM350P 

Plastic  T0-3P 

35 

1.2  to  33 

LT350AHas1%VREFTol 

LT1085CK 

Steel  T0-3 

30 

1.2  to  29 

Low  Dropout  (1 ,2V),  Pin  Compatible  with  31 7, 350  Types 

LT1085CT 

TO-220 

30 

1.2  to  29 

Low  Dropout  (1 ,2V),  Pin  Compatible  with  31 7, 350  Types 

Neg  Adj 

LT1033CK 

Steel  TO-3 

35 

-1.2  to -32 

2%VREFTol 

LT1033CP 

Plastic  T0-3P 

35 

-1.2  to -32 

2%  VREF  Tol 

LT1033CT 

TO-220 

35 

-1.2  to  -32 

2%  VREF  Tol 

LT1185CT 

TO-220 

35 

-2.5  to -25 

Low  Dropout  (0.75V)  with  Prog  Current  Limit  and  Shutdown 

Dual  Pos  Fixed 

LT1035CK 

Steel  T0-3 

20 

Two  5V  Outputs 

Logic  Controlled  Main  Output  Voltage,  75mA  Auxiliary  Output 

LT1035CT 

TO-220 

20 

Two  5V  Outputs 

Logic  Controlled  Main  Output  Voltage,  75mA  Auxiliary  Output 

Positive 

LT1036CK 

Steel  T0-3 

30 

12,5 

Logic  Controlled  12V,  3A  Output,  5V,  75mA  Auxiliary  Output 

LT1036CT 

TO-220 

30 

12,5 

Logic  Controlled  12V,  3A  Output.  5V,  75mA  Auxiliary  Output 

*  The  l0  values  for  the  LT1 070,  LT1 071 ,  LT1 072,  LT1 073,  LT1 074,  LT1 082,  LT1 1 09,  LT1 1 1 0,  LT1 11 1 ,  LT1 1 70,  LT1 171 ,  LT1 1 72,  and  LT1 1 73  are  switch  current  values. 
Actual  output  current,  voltage  and  polarity  depends  on  the  type  of  switching  regulator  employed. 
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lo 

OUTPUT 
CURRENT 
(AMPS)* 

POSITIVE 

OR 
NEGATIVE 
OUTPUT* 

PART  NUMBER 

PACKAGE 
TYPE 

v,»/ 
Vdiff 
MAX 
(V) 

Vq  NOMINAL 
REGULATED 
OUTPUT  VOLTAGE 
(V) 

FEATURE/COMMENTS 

2.5 

Switching 

LT1071CK 
LT1071CT 
LT1071 HVCK 
LT1 071 HVCT 
LT1 1 71 CK 
LT1171CT 
I  T1171H\/fT 

LT1171CQ 

Steel  TO-3 
TO-220 
Steel  TO-3 
TO-220 
Steel  TO-3 
TO-220 
TO-220 
Plastic  DD 

40 
40 
60 
60 
40 
40 
60 
40 

• 
• 
• 
* 

Self  Contained  40kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  40kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  40kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  40kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  100kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Package 
Self  Contained  100kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Package 

Coif  rnntainprl  lflfllcl-17  PWIU1  anrl  0  S  flmn  Switch  in  a  ^-Pin  Parkanp 

Self  Contained  100kHz  PWM  and  2.5  Amp  Switch  in  a  5-Pin  Surface 
Mount  Package 

2.0 

Switching 

LT1076CK 
LT1076CT 
LT1076HVCK 
LT1076HVCT 

Steel  TO-3 
TO-220 
Steel  TO-3 
TO-220 

45 
45 
64 
64 

Self  Contained  100kHz  PWM  and  2  Amp  Switch  in  a  5-Pin  Package 

LT1076CY-5 
LT1076HVCY-5 

7-Lead  TO-220 
7-Lead  TO-220 

45 
64 

5 
5 

100kHz  PWM  and  2  Amp  Switch  in  a  7-Pin  Package  with  Shutdown 
and  Fixed  5V  Output 

LT1076CR-5 

Plastic  DD 

45 

5 

Self  Contained  100kHz  PWM  and  2  Amp  Switch  in  a  7-Pin  Surface 
Mount  Package 

LT1076CV 
LT1076HVCV 

11  Lead  SIP 
11  Lead  SIP 

45 
64 

* 

Self  Contained  1 00kHz  PWM  and  2  Amp  Switch  in  a  1 1  -Pin  Power 
SIP  Package 

LT1103CV 
i  ti  mirv 

11  Lead  SIP 

7  1  dqiH  TO  OQfl 

30 
in 

Designed  for  AC  Line  Powered  Applications,  Minimum  External 
Components  Required  for  75W  Isolated  Power  Supply 

1.5 

Pos  Fixed 

LT1086CT-2.85 

TO-220 

30 

2.85 

Intended  for  SCSI-2  Active  Termination 

0.5  to  1.5 

Pos  Fixed 

LT1086CK-5 
LT1086CT-5 
LT1086CK-12 

L  1  1  UOOU  1    1  ii 

Steel  TO-3 
TO-220 
Steel  TO-3 
TO-220 

30 
30 
30 
30 

5 
5 

12 
1  o 

Low  Dropout  (1.2V),  1%  V0UTTol 

Pos  Adj 

LT317AK  LM317K 

I  T117AH  I  M117H 
L.  !  0  I  I  Mm   Livid  I  /  n 

LT317AT  LM317T 

Steel  TO-3 

TO-39 

TO-220 

40 
tu 
40 

1.2  to  37 
1  2  to  37 
1.2  to  37 

LT317A  Has  1%  VREFTol 

LT1086CK 
LT1086CT 
I TIORfiPH 

LI  IwUull 

LT1086CM 

Steel  TO-3 
TO-220 
TO-39 
Plastic  DD 

30 
30 
30 
30 

1.2  to  29 
1.2  to  29 
1  2  to  29 
1.2  to  29 

Low  Dropout  (1 .2V),1  %  VREF  Tol  Pin  Compatible  with  31 7  Types 
Low  Dropout  (1.2V),  1  %  VBEF  Tol  3-Pin  Surface  Mount  Package 

Neg  Adj 

LT337AK  LM337K 
LT337AH  LM337H 
LT337AT  LM337H 

Steel  TO-3 

TO-39 

TO-220 

40 
40 
40 

-1.2  to -37 
-1  2  to  -37 
-1.2  to -37 

LT337AHas1%VREFTol 

Pos  Adj 

Hinh  Urtrtano 

1  I1U 1 1  V  Ul  la^G 

LT317AHVK  LM317HVK 

I  T317AHVH  I  M317HVH 

Steel  TO-3 
TO-39 

60 
60 

1.2  to  57 
1  2  to  57 

LT317HVHas1%VREfTol 

Neg  Adj 
High  Voltage 

LT337AHVK  LM337HVK 
U337AHVH  LM337HVH 

Steel  TO-3 
TO-39 

50 
50 

-1.2  to -47 
-1.2  to  -47 

LT337HV  Has  1  %  VREF  Tol 

1.25 

Switching 

LT1072CK 
LT1072CT 
LT1072HVCK 
LT1072HVCT 

Steel  TO-3 
TO-220 
Steel  TO-3 
TO-220 

40 
40 
60 
60 

* 

Self  Contained  40kHz  PWM  and  1.25  Amp  Switch  in  a  5-Pin  Package 

LT1072CJ8 
LT1072CN8 
LT1072CS 

8-Pin  CERDIP 
8-Pin  Plastic  DIP 
16-Pin  Plastic  SOL 

40 
40 
40 

Self  Contained  40kHz  PWM  and  1.25  Amp  Switch 

LT1172CK 
LT1172CT 
LT1172HVCT 

Steel  TO-3 

TO-220 

TO-220 

40 
40 
60 

Self  Contained  1 00kHz  PWM  and  1 .25  Amp  Switch  in  a  5-Pin 
Package 

LT1172CJ8 
LT1172CN8 
LT1172CS 

8-Pin  CERDIP 
8-Pin  Plastic  DIP 
16-Pin  Plastic  SOL 

40 
40 
40 

Self  Contained  1 00kHz  PWM  and  1 .25  Amp  Switch 

1.0 

Dual  Pos 
Fixed 

LT1005CK 
LT1005CT 

Steel  TO-3 
TO-220 

20 
20 

Two  5V  Outputs 
Two  5V  Outputs 

Logic  Controlled  Main  Output  Voltage 

*  The  l0  values  for  the  LT1 070,  LT1 071 ,  LT1 072,  LT1 073,  LT1 074,  LT1 082,  LT1 1 09,  LT1 1 1 0,  LT1 1 1 1 ,  LT1 170,  LT1 1 71 ,  LT1 1 72,  and  LT1 1 73  are  switch  current  values. 
Actual  output  current,  voltage  and  polarity  depends  on  the  type  of  switching  regulator  employed. 
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lo 

POSITIVE 

vw 

Vq  NOMINAL 

OUTPUT 

OR 

Vdiff 

REGULATED 

CURRENT 

NEGATIVE 

PACKAGE 

MAX 

OUTPUT  VOLTAGE 

(AMPSj- 

OUTPUT 

PART  NUMBER 

TYPE 

(V) 

(V) 

CC  Aft  IDC  ,rn  MM  CM  TO 

1.0 

Switching 

LT1073CN8 

8-Pin  Plastic  DIP 

15 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  1V  Input.  Requires 

LT1073CS8 

8-Pin  Plastic  S0IC 

15 

Adjustable 

Only  3  External  Components  (-  5,  -1 2  Versions) 

LT1073CN8-5 

8-Pin  Plastic  DIP 

15 

5 

LT1073CS8-5 

8-Pin  Plastic  SOIC 

15 

5 

LT1073CN8-12 

8-Pin  Plastic  DIP 

15 

12 

LT1073CS8-12 

8-Pin  Plastic  SOIC 

15 

12 

LT1082CT 

TO-220 

75 

60kHz  PWM  and  1  Amp  Switch  in  a  5-Pin  Package 

LT1109CZ-5 

3-Pin  TO-92 

36 

5 

Micropower  Switching  Regulator  Works  Down  to  2V  Input.  Requires 

LT1109CZ-12 

3-Pin  TO-92 

36 

12 

Only  3  External  Components  (-5,  -12  Versions).  Optimized  tor 

LT1109CN8-5 

8-Pin  Plastic  DIP 

36 

6 

V|N  >  2V.  Available  in  3-Pin  TO-92  Package.  N8/S8  Versions  Also 

LT1 109CS8-12 

8-Pin  Plastic  SOIC 

36 

5 

Offer  Shutdown  Feature.  1 2V  version  ideal  for  flash  memory  Vpp 

LT1109CN8-5 

8-Pin  Plastic  DIP 

36 

12 

pulse  generation  from  5V  or3V 

LT1109CS8-12 

8-Pin  Plastic  SOIC 

36 

12 

LT1110CN8 

8-Pin  Plastic  DIP 

15 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  1 V  Input.  Requires 

LT1110CS8 

8-Pin  Plastic  SOIC 

15 

Adjustable 

Only  3  External  Components  (-5,  -12  Versions).  60kHz  Oscillator 

LT1110CN8-5 

8-Pin  Plastic  DIP 

15 

5 

Allows  Use  of  Surface  Mount  Inductors 

LT1110CS8-5 

8-Pin  Plastic  SOIC 

15 

5 

LT1110CN8-12 

8-Pin  Plastic  DIP 

15 

12 

LT1110CS8-12 

8-Pin  Plastic  SOIC 

15 

12 

LT1111CN8 

8-Pin  Plastic  DIP 

36 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  2V  Input.  Requires 

LT1111CS8 

8-Pin  Plastic  SOIC 

36 

Adjustable 

Only  3  External  Components  (-5,  -12  Versions).  Optimized 

LT1111CN8-5 

8-Pin  Plastic  DIP 

36 

5 

for  V|N  >  2V.  70kHz  Oscillator  Allows  Use  of  Surface  Mount 

LT1111CS8-5 

8-Pin  Plastic  SOIC 

36 

5 

Inductors 

LT1111CN8-12 

8-Pin  Plastic  DIP 

36 

12 

LT1111CS8-12 

8-Pin  Plastic  SOIC 

36 

12 

LT1173CN8 

8-Pin  Plastic  DIP 

36 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  2V  Input.  Requires 

LT1173CS8 

8-Pin  Plastic  SOIC 

36 

Adjustable 

Only  3  External  Components  (-5.  -12  Versions).  Optimized 

LT1173CN8-5 

8-Pin  Plastic  DIP 

36 

5 

for  Vim  >  2V 

LT1 1 73CS8-5 

8-Pin  Plastic  SOIC 

36 

5 

LT1173CN8-12 

8-Pin  Plastic  DIP 

36 

12 

O    Din  Olifti^  CHIP 

o-rin  riasiic  oUlU 

36 

12 

800mA 

Pos  Fixed 

LT1 11 7-2.85 

3-Pin  SOT-223 

12 

2.85 

Active  SCSI-2  Terminator,  SOT-223  Package 

LT1 117-5 

3-Pin  SOT-223 

10 

5 

5V  Low  Dropout  Regulator,  SOT-223  Package 

LT11 17 

0  Din  CfIT 

15 

Adjustable 

Adjustable  Low  Dropout  Regulator,  SOT-223  Package 

125mA 

Pos  Adj 

LT1 020CJ 

14-Pin  CERDIP 

36 

4  to  30 

Dropout  Voltage  =  0.4V,  40uA  Iq,  Reference  and  Comparator 

LT1020CN 

14-Pin  Plastic 

36 

4  to  30 

LT1020CS 

16-Pin  Plastic  SOL 

36 

4  to  30 

LT1120CJ8 

8-Pin  CERDIP 

36 

4  to  30 

Dropout  Voltage  -  0.4V,  40uA  lQ,  Reference,  Comparator,  Shutdown, 

LH1Z0GN8 

o  m«  Dift^iin  run 

8-Pin  Plastic  DIP 

36 

4  to  30 

8-Pin  Package 

i  Tii9nrn 

Llll £UCn 

0  rill  IU  O 

36 

4  to  30 

100mA 

Pos  Adj 

LI1431U8 

O-rin  ttnUIr 

36 

2.5  to  36 

0.4%  Initial  Tolerance,  1  %  Over  lemperature 

LT14310N8 

8-Pin  Plastic  DIP 

36 

2.5  to  36 

LT1431CS8 

8-Pin  Plastic  SOIC 

36 

2.5  to  36 

LT1431CZ 

TO-92 

36 

2.5  to  36 

40mA  to 

Switched 

LT1026CJ8 

8-Pin  CERDIP 

10 

Voltage  Converter.  10mA  Output,  ±2V[N 

100mA 

Capacitor 

LT1026CN8 

8-Pin  Plastic  DIP 

10 

LT1026CH 

8-Pin  TO-5  Can 

10 

LTC1044CJ8 

8-Pin  CERDIP 

9.5 

Voltage  Converter,  40mA  Output 

LTC1044CN8 

8-Pin  Plastic  DIP 

9.5 

LTC1044CH 

8-Pin  TO-5  Can 

95 

LTC1044CS8 

8-Pin  Plastic  SO 

9.5 

LTC1046CN8 

8-Pin  Plastic  DIP 

6 

50mA  Output  Current,  165uA  Supply  Current,  35Q  Max  Output 

LTC1046CS8 

8-Pin  Plastic  SOIC 

6 

Impedance 

LT1054CJ8 

8-Pin  CERDIP 

16 

ft 

Voltage  Converter  and  Regulator,  1 00mA  Output, 

LT1054CN8 

8-Pin  Plastic  DIP 

16 

n 

n 

25kHz  Switching  Rate 

LT1054CH 

8-Pin  TO-5  Can 

16 

LT1054CS 

16-Pin  Plastic  SOL 

16 

tt 

The  l0  values  for  the  LT1 070,  LT1071 ,  LT1 072,  LT1 073,  LT1 074,  LT1 082,  "  *  These  devices  are  non-regulating  converters. 

LT1 109,  LT1110,  LT1111,  LT1 170,  LT1 171 ,  LT1 1 72,  and  LT1 1 73  are  switch  **  The  available  output  voltage  range  is  dependent  upon  the  mode 

current  values.  Actual  output  current,  voltage  and  polarity  depends  on  the  of  operation  selected, 

type  of  switching  regulator  employed. 
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1  flllTDIIT 

Iq  UU  1  ru  1 

CURRENT 
(AMPS) 

rub]  1 1  v t  UH 

NEGATIVE 
OUTPUT 

PART 
NUMBER 

PACKAGE 
TYPE 

V...I 

Vdiff 
MAX  (V) 

\i  unMIMAI 
Vg  NUIYHntHL 

REG  OUTPUT 
VOLTAGE  (V) 

FEATURES/COMMENTS 

4.0 

Switching 

LT1271CQ 

Plastic  DD 

30 

* 

Self  Contained  60kHz  PWM  and  4A  Switch  in  a  5-Pin  Surface  Mount  Pkg 

2.5 

Switching 

LT1171CQ 

Plastic  DD 

40 

• 

Self  Contained  100kHz  PWM  and  2.5A  Switch  in  a  5-Pin  Surface  Mount  Pkg 

2.0 

Switching 

LT1076CR-5 

Plastic  DD 

45 

• 

Self  Contained  100kHz  PWM  and  2A  Switch  in  a  7-Pin  Surface  Mount  Pkg 

0.5  to  1.5 

Pos  Ad] 

LT1086CM 

Plastic  DD 

30 

* 

Low  Dropout  (1.2V),  1%  VBEFTol  3-Pin  Surface  Mount  Pkg 

1.25 

Switching 

LT1072S8 

8-Pin  Plastic  SOIC 

40 

* 

Self  Contained  Power  and  1 .25A  Switch 

1.25 

Switching 

LT1172S8 

8-Pin  Plastic  SOIC 

40 

• 

Self  Contained  1 00kHz  PWM  and  1  25A  Switch 

1.25 

Switching 

LT1072CS 

16-Pin  Plastic  SOL 

40 

• 

Self  Contained  Power  and  1 .25A  Switch 

1.25 

Switching 

LT1172CS 

16-Pin  Plastic  SOL 

40 

* 

Self  Contained  100kHz  PWM  and  1.25A  Switch 

1.0 

Switching 

LT1073CS8 

8-Pin  Plastic  SOIC 

15 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  1V  Input. 
Requires  Only  3  External  Components  (-5,  -12  Versions) 

1.0 

Switching 

LT1073CS8-5 

8-Pin  Plastic  SOIC 

15 

5 

1.0 

Switching 

LT1073CS8-12 

8-Pin  Plastic  SOIC 

15 

12 

1.0 

Switching 

LT1109CS8 

8-Pin  Plastic  SOIC 

20 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  2V  Input.  Ideal  for  Rash 
Memory  Vpp  Generation  (-12  Version) 

1.0 

Switching 

LT1109CS8-5 

8-Pin  Plastic  SOIC 

20 

5 

1.0 

Switching 

LT1109CS8-12 

8-Pin  Plastic  SOIC 

20 

12 

1.0 

Switching 

LT1110CS8 

8-Pin  Plastic  SOIC 

36 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  1V  Output. 
Requires  Only  3  External  Components  (-5,  -12  Versions) 

1.0 

Switching 

LT1110CS8-5 

8-Pin  Plastic  SOIC 

36 

5 

1.0 

Switching 

LT1110CS8-12 

8-Pin  Plastic  SOIC 

36 

12 

1.0 

Switching 

LT1111CS8 

8-Pin  Plastic  SOIC 

36 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  2V  Input. 
Requires  Only  3  External  Components  (-5,  -12  Versions) 

1.0 

Switching 

LT1111CSS-5 

8-Pin  Plastic  SOIC 

36 

5 

1.0 

Switching 

LT1111CS8-12 

8-Pin  Plastic  SOIC 

36 

12 

1.0 

Switching 

LT1173CS8 

8-Pin  Plastic  SOIC 

36 

Adjustable 

Micropower  Switching  Regulator  Works  Down  to  2V  Input.  Requires  Only  3 
External  Components  (-5,  -1 2  Versions).  Optimized  for  V,N  >  2V 

1.0 

Switching 

LT1173CS8-5 

8-Pin  Plastic  SOIC 

36 

5 

1.0 

Switching 

LT1173CS8-12 

8-Pin  Plastic  SOIC 

36 

12 

800mA 

Positive 

LT1117CST 

SOT-223 

15 

Adjustable 

Low  Dropout  Adjustable  Regulator,  800mA  Output  at  1V  Dropout  Voltage, 
SOT-223  Package 

800mA 

Positive 

LT1117CST-2.85 

SOT-223 

15 

2.85 

800mA 

Positive 

LT1117CST-5 

S0T-223 

15 

5 

125mA 

Pos  Adj 

LT1 020CS     1 1 6-Pin  Plastic  SOL 

36 

4  to  30    I  Dropout  Voltage  =  0.4V,  40mA  Iq,  Reference  and  Comparator 

100mA 

Switched  Cap 

LT1054CS 

16-Pin  Plastic  SOL 

16    I  " 

Voltage  Converter  and  Regulator,  25kHz  Switching  Rate 

50mA 

Switched  Cap 

LTC1046CS8 

8-Pin  Plastic  SOIC 

6 

Lowest  Loss  for  Vin  <  6V 

20mA     |  Switched  Cap 

LTC1044CS8 

8-Pin  Plastic  SOIC 

9.5 

Voltage  Converter,  5kHz  Switching  Rate 

The  ln  values  for  the  LT1070,  LT1071,  LT1072,  LT1170.  LT1171,  and  **  These  devices  are  non-regulating  converters. 

LT1 1 72,  are  switch  current  values.  Actual  output  current,  voltage  and  n  The  available  output  voltage  range  is  dependent  upon  the  mode 

polarity  depends  on  the  type  of  switching  regulator  employed.  of  operation  selected. 


REGULATOR  DRIVERS 


BASE 
DRIVE 
CURRENT 

POSITIVE  OR 
NEGATIVE 
OUTPUT 

PART  NUMBER 

PACKAGE 
TYPE 

Vin 
MAX 

(V) 

Vq  NOMINAL 
REGULATED 
OUTPUT  VOLTAGE  (V) 

FEATURE/COMMENTS 

150mA 

Pos  Fixed 

LT1123CZ 

TO-92 

30 

5.0 

Requires  External  PNP,  1  %  Output  Tolerance,  600uA  Quiescent 
Current 

150mA 

Pos  Fixed 

LT1123CS8-2.85 

S08 

30 

2.85 
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RCGUiniMG  PUIS€- WIDTH  mODUWTOflS 


part  uiiunra 

UCoUnlr  1  1UH 

PAPKARF  nPTIDN^ 
rHuutuc  ur  I  luno 

FFATHRF^ 
rem  unco 

LT1105 

Off-Line  Regulating  Pulse  Width  Modulator 

N8 

Designed  for  AC  Line  Powered  Applications 

LT1241  Series 

500kHz  Regulating  Pulse  Width  Modulators 

J8,  N8.  S8 

Improved  Replacements  for  UC1 842, 1 843, 1 844, 1 845 

LT1246 

1MHz  Regulating  Pulse  Width  Modulator 

J8,  N8,  S8 

1  MHz  Current  Mode  PWM,  1 .5%  VREF 

LT1524/LT3524 

Regulating  Pulse  Width  Modulator 

J.  N.S 

Improved  SG1524, 2%  VnEF,  Guaranteed  Oscillator  Accuracy 

LT1525A/LT3525A 
LT1527A/LT3527A 

Regulating  Pulse  Width  Modulator 

J.N 

Improved  SG1525A/1527A  Switching  Regulator  with  Undervoltage 
Lockout,  Guaranteed  Long  Term  Stability 

LT1526/LT3526 

Regulating  Pulse  Width  Modulator 

J,N 

Switching  Regulator  Control  with  Soft  Start,  Current  Limit,  Metering 
Logic,  Undervoltage  Lockout,  Guaranteed  Long  Term  Stability 

SG1524/SG3524 

Regulating  Pulse  Width  Modulator 

J,  N 

Industry  Standard  Switching  Power  Supply  Control  Circuit 

SG1525A/SG3525A 

Regulating  Pulse  Width  Modulator 

J,N 

More  Features  Than  1524  Series,  100mA  Source/Sink  Outputs 

SG1527A/SG3527A 

Regulating  Pulse  Width  Modulator 

J,N 

Same  as  SG1525A  with  Inverted  Output  Logic 

LT1 846/3846 
LT1 847/3847 

Current  Mode  Regulating  Pulse  Width  Modulator 

J,N 

Current  Mode  PWM  with  UV  Lockout,  Soft  Start,  1%  VREF,  500kHz 
Operation,  200mA  Totem  Pole  Outputs 

SWITCHinG  REGULATOR  COfiTROllCRS 

PART  NUMBER 

DESCRIPTION 

PACKAGE  OPTIONS 

FEATURES 

LT1432 

Step-Down  Switching  Regulator  Controller 

N8.S8 

Provides  High  Efficiency  +5V  Output  Using  LT1070  Series  Regulator 
and  Minimum  External  Parts 
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■  — ■  -   


STEP  UP  FROM  ONE  CELL  (1V) 

Vout   lour      P/N         Iq  L 


Price  * 


5V     40mA     LT1073-5     95pA    82|jH  lOOpF  OQ  $3.15  Most  Efficient 

40mA     LT1110-5     350jaA  33pF  0f2  $3.15  Best  For  Surface  Mount 

12V    15mA     LT1073-12    95pA    82nH  100pF  0£2  $3.15  Most  Efficient 

15mA    LT1110-12    350uA  27pH  33pF  OQ  $3.15  Best  For  Surface  Mount 

•ADJUSTABLEVERSI0NSALS0AVAILABLEF0RVmIJPT050V 

STEP  UP  FROM  TWO  CELLS  (2V) 

Vout   Iqut      M         Iq       L  C  R  Wee**  


Basic  Step  Up  Converter 

I  1N5818 

r*fr 


llim 

Vin 

SW1 

SENSE 

GND 

SW2 

*  See  Tables  For  Recommended  Part. 
Inductor,  Capacitor  and  Resistor  Values 


5V     90mA  LT1173-5  110jjA  47|jH  100|jF  47Q  $2.40  Most  Efficient 

90mA  LT1111-5  350(jA  18nH  33|jF  47Q  $2.40  Smallest  Board  Space/Best  For  Surface  Mount 

150mA  LT1073-5  95pA  100jjH  100|jF  47Q  $3.15  More  Output  Current/Most  Efficient 

150mA  LT1110-5  350(jA  33<jH  33pF  47n  $3.15  More  Output  Current/Smallest  Board  Space/Best  For  Surface  Mount 

20mA  IT1109CZ-5  1mA  33(oH  10fjF  N/A  $1.90  3  Pin  Package/Lowest  Cost/Best  For  Surface  Mount  (8  Lead  Version) 

12V    20mA  LT1173-12  110pA  47pH  47pF  47Q  $2.40  Most  Efficient 

20mA  LT1 111-12  350pA  18|iH  22|jF  47Q  $2.40  Smallest  Board  Space/Best  For  Surface  Mount 

40mA  IT1073-12  95uA  82nH  100jjF  47Q  $3.15  More  Output  Current/Most  Efficient 

40mA  LT1 110-12  350pA  27iiH  33pF  On  $3.15  More  Output  Current/Smallest  Board  Space/Best  For  Surface  Mount 


20mA     LT1109CZ-12  350|aA  20jjH  4.7|oF 
'ADJUSTABLE  VERSIONS  ALSO  AVAILABLE  FOR  V0lnDP  JO  50V 

STEP  UP  FROM  5 V  TO  12V 

VoutJout     P/H         Iq       L  C 


$1 .90    3  Pin  Package/Lowest  Cost/Best  For  Surface  Mount  (8  Lead  Version) 


Price ' 


12V    90mA  LT1173-12  110|jA  120(jH  100mF  0Q 

90mA  LT1111-12  350pA  47nH  33(jF  0Q 

175mA  LT1073-12  95pA  180|aH  lOOpF  0Q 

175mA  LT1110-12  350(jA  60nH  33jjF  0Q 

60mA  LT1109CZ-12  350^A  33(iH  10|jF  N/A 

•ADJUSTABLE  VERSIONS  ALSO  AVAILABLE  FOR  VoujUP  TO  50V 

FLASH  MEMORY  VPP  (12V)  GENERATION 

Vout  Iqut    P/H         Iq      L       C      R  Price1 


$2.40  Most  Efficient 

$2.40  Smallest  Board  Space/Best  For  Surface  Mount 

$3.15  More  Output  Current/Most  Efficient 

$3.15  More  Output  Current/Best  For  Surface  Mount 

$1.90  3  Pin  Package/Lowest  Cost/Best  For  Surface  Mount  (8  Lead  Version) 


12V  60mA   LT1109-12    350|jA  33mH    10|jF    --    $2.90  All  Surface  Mount 
90mA   LT1173ADJ  HOpA  120|iH  100|jF  47Q  $2.40  More  I0ut 
120mA  LT1073ADJ  100mA  100nHf  lOOpF  20Q  $3.15  Most  lour 

All  Flash  Memory  VPP  Circuits  Can  Easily  Be  Made  In  All  Surface 

Mount-  Including  Inductors-  See  Other  Side 

**  100  Piece  Quantity  Price        t  Coiltronics  CTX100-4 


Flash  Memory  Vpp  Generator 

|_  1N4933 

VlN  f  rnnr,  f  |^p_jr  Vf. 


PGM' 


"  See  Table  For  Recommended 
Inductor,  and  Capacitor  Values 
For  Surface  Mount  Inductor,  Use  Sumida  CD-54 
For  LT1173,  LT1 073  Circuit, 
Refer  To  Datasheet 


SEE  OTHER  SIDE  FOR  MORE  DC/DC  CONVERSION  SOLUTIONS, 
INDUCTOR  MFGRs.,  CAP  MFGRs.,  DEVICE  PINOUTS 
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LTC  BATTERY  POWERED  DC/DC  CONVERSION  SOLUTIONS 

STEP  DOWN  CONVERSION  TO  5V 


•* 

'out 

P/N 

r/n 

In 

HI 

L 

[ 

H 

Pries  * 

6.5V  to  12V 

50mA 

LT1173-5 

IIOpA 

47pH 

100(jF 

100Q 

$2.40 

Most  Efficient 

50mA 

LT1111-5 

330nA 

18pH 

33pF 

100O 

$2.40 

Best  For  Surface  Mount 

90mA 

LT1073-5 

95pA 

47pH 

100pF 

220Q 

$3.15 

More  Output  Current/Most  Efficient 

90mA 

LT1110-5 

330mA 

15(jH 

33|jF 

220£J 

$3.15 

More  lour/Best  For  Surface  Mount 

9Vto20V 

300mA 

LT1073-5 

95|jA 

180mH 

330mF 

100£J 

$3.15 

Most  Efficient 

300mA 

LT1110-5 

330|jA 

60mH 

100|jF 

100£2 

$3.15 

Best  For  Surface  Mount 

12V  to  20V 

300mA 

LT1 173-5 

110(jA 

220(jH 

220pF 

220J2 

$2.40 

Most  Efficient 

300mA 

LT1111-5 

330nA 

82mH 

100(f 

220fi 

$2.40 

Best  For  Surface  Mount 

20V  to  30V 

300mA 

LT1 173-5 

110pA 

470mH 

470(iF 

100O 

$2.40 

Most  Efficient 

300mA 

LT1111-5 

330mA 

180mH 

220pF 

100Q 

$2.40 

Best  For  Surface  Mount 

Step  Down  Converter 


V|N- 

R  ■ 


llim  Vm  SW1 
^  Sense 


GND  SW2 


*  See  Tables  For  Recommended  Part, 
Inductor,  Capacitor  and  Resistor  Values 


•ADJUSTABLEOUJPUTVOLTAGESUPTO6.2VCANBEOBTAINEDWIJHJHEADJi]STABLEVERSI0IIS0ELJW3,LJim,LTW73ORLTm0 


POSITIVE  TO  NEGATIVE  VOLTAGE  CONVERSION 

Vm   Vqut  Iqut     Ml       Iq      L       C       R  Price* 


5V    -5V  75mA  LT1173-5  250jjA  100|oH  100hF  100Q  $2.40  Most  Efficient 

-5V  75mA  LT1111-5  650jjA  33pH  33(jF  100S2  $2.40  Best  For  Surface  Mount 

-5V  150mA  LT1073-5  220pA  180pH  470pF  100£2  $3.15  More  Output  Current 

-5V  150mA  LT1110-5  650pA  68pH  150^  100n  $3.15  More  lour/Best  For  Surface  Mount 

12V  -5V    250mA  LT1173-5    HOpA  470pH  220mF   100£i  $2.40    Most  Efficient 

-5V    250mA  LT1111-5    330nA  180mH  82mF    100H  $2.40    Best  For  Surface  Mount 

INDUCTOR  AND  CAPACITOR  PART  NUMBERS/MANUFACTURERS 

s  P/N  Gowanda  P/N  Coiltronics  P/N  tt 


Positive  to  Negative 
ViN-t— T — I  Converter 


llim  Vin  SW1 
^  Sense 


VOUT 

'  See  Tables  For  Recommended  Part, 
Inductor,  Capacitor  and  Resistor  Values 


15nH 
18mH 
20pH 
22pH 
27|jH 
33mH 
47pH 
68pH 
82mH 
100mH 
120(jH 
180|jH 
220mH 
470nH 
'  100  Piece 


7070-15 
7070-16 

7070-17 
7070-18 
7070-19 
7300-09 
7300-11 
7300-12 
7300-13 
7300-14 
7200-16 
7200-17 
7200-21 
Quantity  Price 


GA10-152K 
GA10-182K 

GA10-222K 
GA10-272K 
GA10-332K 
GA10-472K 
GA10-682K 
GA10-822K 
GA10-103K 
GA10-123K 
GA40-183K 
GA40-223K 
GA40-473K 
ft  Surface  Mount 


CTX20-1 
■1 


CTX50-1 

CTX82-1 
CTX100-1 
CTX100-1 
CTX250-4 
CTX250-4 

Inductors 


Inductor  Manufacturers 

Caddell-Burns 

Mineola,  NY,  USA  11501 

516-746-2310 

FAX:  516-742-2416 

Gowanda  Elect. 

Gowanda,  NY,  USA  14070 

716-532-2234 

FAX:  716-532-2702 

Coiltronics  Intl. 

Pompano  Beach,  FL,  USA 

305-781-8900 

FAX:  305-782-4163 

tt  Sumida 

Arlington  Heights,  III,  USA 

708-956-0666 

FAX:  708-956-0702 

Capacitor  Manufacturers 

Best:   0S-C0N  Series  Sanyo  Video      San  Diego,  CA,  USA  92073  619-661-6322 

Better:  PL  Series       Nichicon  America  Schaumherg,  IL,  USA  60173  708-843-7500 

Good:  1 50D  or  550D   Sprague  Electric    Sanford,  ME,  USA  04073  207-324-4140 


Device  Pinouts  (DIP  and  SOIC  Pkgs 

I  LIM  dm<J73t!  FB  (SENSE)t 

VINlZ  LT1173  Z]  SET 
SW1|ZLT1110^A0 
SW  2  pLT'inp  GND 

t-5,  -^Versions 


V  IN  C  □  SENSE 

NC  C  DsD 

SW  E  □  NC 

GND  C  □  NC 
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POWER  AND  MOTOR  CONTROL  CIRCUITS 

High  Side  Switch  Drivers 

LTC1155  -  Dual  N-Ch  FET  Switch  Drivers  w/  Short  Circuit  Protection 
LTC1156  -  Quad  N-Ch  FET  Switch  Drivers  w/  Short  Circuit  Protection 

Integrated  High  Side  Switches 

LT1188-1.5A  HSS,  Output  Protected  Against  Inductive  Kickback 
Controlled  Slew  Rate/Low  RF  Noise 
STATUS  Line  for  Diagnostics 
Protected  Against  Overtemp,  Load  Faults 

LT1 089  -  7.5A  HSS,  Low  Loss,  Only  1 ,5V  at  7.5A 

Protected  Against  Overtemp,  Overcurrent.  Low 
Quiescent  Current 

Half  Bridge  N-Ch  MOSFET  Drivers 

LT1 1 58  -  5V  to  30V  Operation,  Drives  DC  motors  and  Switching  Power 
Supply  N-Ch  MOSFET  Switch  Gates,  On-Chip  Charge  Pump, 
Adaptive  Anti  Shoot-Through,  Fully  Protected,  150ns  Transition 
Times  Driving  3000pF 


P/N 

DESCRIPTION 

PACKAGE 

FEATURES 

LTC1155 

Dual  High-Side  Switch  Driver 

N8,  S8 

Low  Quiescent  Current,  Short  Circuit  Protection,  Internal  Capacitors,  Drives  Low- 
Loss  N-Channel  MOSFETs 

LTC1156 

Quad  High-Side  Switch  Driver 

N,S 

Four  Drivers  in  One  Package,  Low  Quiescent  Current,  Short  Circuit  Protection, 
Internal  Capacitors 

LT1158 

Half  Bridge  N-Channel  MOSFET  Driver 

N 

Drives  3000pF  Loads  in  150ns,  Continuous  Current  Limit  Protection,  5V  to  30V 
Supplies 

NOTES 
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SECTION  4— POWER  PRODUCTS 

INDUCTORLESS  DC  TO  DC  CONVERTERS 

LTC1046,  50mA  Switched  Capacitor  Voltage  Converter  4-16 
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TECHNOLOGY 


 LTC1046 

"Inductorless" 
+5V  to  -5V  Converter 


■  50mA  Output  Current 

■  Plug-In  Compatible  with  ICL7660/LTC1044 

■  Rout  =  35£2  Maximum 

■  300uA  Maximum  No  Load  Supply  Current  at  5V 

■  Boost  Pin  (Pin  1)  for  Higher  Switching  Frequency 

■  97%  Minimum  Open  Circuit  Voltage  Conversion 
Efficiency 

■  95%  Minimum  Power  Conversion  Efficiency 

■  Wide  Operating  Supply  Voltage  Range,  1 .5V  to  6V 

■  Easy  to  Use 

■  Low  Cost 

APPUCRTIOnS 

■  Conversion  of  +5V  to  ±5V  Supplies 

■  Precise  Voltage  Division,  Vout  =  Vin/2 

■  Supply  Splitter,  V0Ut  =  ±Vs/2 


D€SCMPTIOn 

The  LTC1046  is  a  50mA  monolithic  CMOS  switched 
capacitor  voltage  converter.  It  plugs  in  for  ICL7660/ 
LTC1 044  in  5V  applications  where  more  output  current  is 
needed.  The  device  is  optimized  to  provide  high  current 
capability  for  input  voltages  of  6V  or  less.  It  trades  off 
operating  voltage  to  get  higheroutput  current.  The  LTC1 046 
provides  several  voltage  conversion  functions:  the  input 
voltage  can  be  inverted  (Vout  =  -Vin),  divided  (Vout  = 
V|N/2)  or  multiplied  (V0ut  =  ±nV|N). 

Designed  to  be  pin-for-pin  and  functionally  compatible 
with  the  ICL7660  and  LTC1 044,  the  LTC1 046  provides  2.5 
times  the  output  drive  capability. 


TYPICAL  RPPUCOTIOn 

Generating  -5Vfrom+5V 


10(iF 


+5V INPUT 


-5V  OUTPUT 
10|iF 


Output  Voltage  vs  Load  Current  for  V+  =  5V 


1      1  1 
T.  -  K'fi 

ICL7660/LTC1044, 
R„,,T-55n 

»— 

LTC10' 

6, 

UT  = 

21 C 

\ 

\ 

1 

I 

0         10        20        30        40  50 
LOAD  CURRENT,  lL(mA) 
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LTC1046 


MsoiuTC  mnximum  rrtirgs 

(Note  1) 

Supply  Voltage  6.5V 

Input  Voltage  on  Pins  1 , 6  and  7 

(Note  2)  -0.3  <  V|N<  (V+)+0.3V 

Current  into  Pin  6  20liA 

Output  Short  Circuit  Duration 

(V+<  6V)  Continuous 

Operating  Temperature  Range 

LTC1046C  0°C  <TA<70°C 

LTC1046I  -40°C  <  TA  <  85°C 

Storage  Temperature  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORRIRTIOfl 


BOOST  [T 
CAP+  [7 
GND  [T 
CAP-  [7 


TOP  VIEW 

— c — 


T]  v* 
T|  osc 

U  LV 
IKut 


N8  PACKAGE 
8-LEAO  PLASTIC  DIP 

LTC1M6-POI01 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LTC1046IN8 
LTC1046CN8 


LTC1046IS8 
LTC1046CS8 


S8  PART  MARKING 


1046 
10461 


€L€CTRICRL  CHRRRCT€RISTICS  v  =  5V,  Cqsc  =  OpF,  TA  =  25  C,  unless  otherwise  noted. 


LTC1046C 

LTC1046I 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Is 

Supply  Current 

rl  =    Pins  1  and  7  No  Connection 
Rl  =  °°,  Pins  1  and  7  No  Connection, 
V+  =  3V 

165 
35 

300 

165 

35 

300 

uA 
uA 

V+L 

Minimum  Supply  Voltage 

RL  =  5k£2 

• 

1.5 

1.5 

V 

V+H 

Maximum  Supply  Voltage 

Rl  =  5k£2 

• 

6 

6 

V 

Rout 

Output  Resistance 

V+  =  5V,  lL  =  50mA  (Note  3) 

• 

27 
27 

35 
45 

27 
27 

35 
50 

a 

Q 

V+  =  2V,  lL  =  10mA 

• 

60 

85 

60 

90 

a 

lose 

Oscillator  Frequency 

V+  =  5V  (Note  4) 
V*  =  2V 

20 
4 

30 
5.5 

20 
4 

30 
5.5 

kHz 
kHz 

Peff 

Power  Efficiency 

RL  =  2.4kn 

95 

97 

95 

97 

% 

VoUTEFF 

Voltage  Conversion 
Efficiency 

RL  =  ~ 

97 

99.9 

97 

99.9 

% 

lose 

Oscillator  Sink  or  Source 
Current 

VOSC  =  0VorV+ 
Pin  1  =  0V 

• 

4.2 

35 

4.2 

40 

MA 

Pin  1  =  V 

• 

15 

45 

15 

50 

ma 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which 
the  life  of  the  device  may  be  impaired. 

Note  2:  Connecting  any  input  terminal  to  voltages  greater  than  V*  or 
less  than  ground  may  cause  destructive  latch-up.  It  is  recommended 
that  no  inputs  from  sources  operating  from  external  supplies  be 
applied  prior  to  power-up  otthe  LTC1046. 


Note  3:  Rout  is  measured  at  Tj  =  25°C  immediately  after  power-on. 
Note  4:  fosc  is  tested  with  Cose  =  1 00pF  to  minimize  the  effects  of  test 
fixture  capacitance  loading.  The  OpF  frequency  is  correlated  to  this  1 0OpF 
test  point,  and  is  intended  to  simulate  the  capacitance  at  pin  7  when  the 
device  is  plugged  into  a  test  socket  and  no  external  capacitor  is  used. 
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LTC1046 


TVPICfll  P€RFORmnnC€  CHARACTERISTICS  (Using  Test  Circuit  in  Figure  1) 


Output  Resistance  vs 
Oscillator  Frequency 


Output  Resistance  vs 
Supply  Voltage 


Output  Resistance  vs 
Temperature 


70 

§ 60 

1  50 

£  40 

ZD 
ft 

g  30 
o 

20 
10 


ri    ri  in..c 

V* 

2V.C 

3SC  =  C 

pF 

V  =  5 

=  0pF 

CY.  lose  (Hz) 

LTC11M6-TPC01 


SUPPLY  VOLTAGE,  V+  (V) 

LTC1046  ■  TPC02 


>5  0  25  50  75  100  125 
AMBIENT  TEMPERATURE  (°C) 

LTC1046-TPC03 


Power  Conversion  Efficiency  vs 
Load  Current  for  V+  =  2V 


100 

90 

a? 

80 

>-' 

o 

70 

O 

60 

50 

o 

CO 

40 

> 
z 

30 

O 

o 
K 

20 

5 

10 

0 

* 

v 

3T 

-  I 

V 
-  T 

>  =  2V 

(  =  25*C  — 
=  C2  =  10pF 
SC  =  8kHz 

/ 

c 

/ 

-  'c 

5     6    7     8    9  10 


Power  Conversion  Efficiency  vs 
Load  Current  for  V+  =  5V 


10 

100 

9 

90 

8 

O- 

80 

CO 

7 

cz 

~U 

o 
z 

70 

~a 

6 

LYC 

FFICI 

60 

5 

= 

3D 

z 

50 

3D 

o 

4 

Z 

40 

3 

3" 

> 

30 

2 

o 

20 

1 

s 

o 
o_ 

10 

0 

0 

I 

EFF 

is-, 

/»  =  5V 

rA  =  25'C  _ 
;1  =C2  =  10|iF 
osc  =  30kHz  — 

10     20     30      40     50     60  70 


Power  Conversion  Efficiency  vs 
Oscillator  Frequency 


LOAD  CURRENT.  IL  (mA) 


LTCIW6-TPCM 


LOAD  CURRENT.  IL  (mA) 


LTC1M6  ■  TPC05 


1k  10k  100k 

OSCILLATOR  FREQUENCY,  10sc  (Hz) 


Output  Voltage  vs  Load  Current 
for  V+  =  2V 


2.5 
2.0 
1.5 
>  1.0 
|  0.5 
g  0.0 

g-1.0 
-1.5 
-2.0 
-2.5 


V* 

=  2V 
=  25 
>c  = 
=  Ci 

Ia 

3kHz 

- 

C1 

=  1 

i 

s 

LOP 

=  5 

in 

0    2    4     6     8    10   12  14   16   18  20 


LOAD  CURRENT.  lL(mA) 


Output  Voltage  vs  Load  Current 
for  V+  =  5V 


I 

V*=5V 

TA=26°Cn  

W  =  30kHz 

C1 

=  C 

=  1 

Vf 

i 

i 

SLOPE  =  27si 

0    10   20  30  40  50 


70   80  90  100 


Oscillator  Frequency  as  a 
Function  of  C0sc 


LTC1W6  •  TPC07 


LOAD  CURRENT.  lL(mA) 


LTC1046-TPC0S 


EXTERNAL  CAPACITOR  (PIN  7  TO  GND),  C0SC  (pF) 

LTCIM6-TPC09 
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LTC1046 
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Oscillator  Frequency  as  a 
Function  of  Supply  Voltage 
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Theory  of  Operation 

To  understand  the  theory  of  operation  of  the  LTC1046,  a 
review  of  a  basic  switched  capacitor  building  block  is  helpful. 

In  Figure  2,  when  the  switch  is  in  the  left  position,  capacitor 
C1  will  charge  to  voltage  V1 .  The  total  charge  on  C1  will  be 
q1  =  C1V1 .  The  switch  then  moves  to  the  right,  discharg- 
ing C1  to  voltage  V2.  After  this  discharge  time,  the  charge 
on  C1  is  q2  =  C1 V2.  Note  that  charge  has  been  transferred 
from  the  source,  V1,  to  the  output,  V2.  The  amount  of 
charge  transferred  is: 

Aq  =  q1-q2  =  C1(V1-V2). 


If  the  switch  is  cycled  "f"  times  per  second, 
transfer  per  unit  time  (i.e.,  current)  is: 

l=fxAq  =  fxC1(V1-V2). 


T  T  I 


Figure  2.  Switched  Capacitor  Building  Block 
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Rewriting  in  terms  of  voltage  and  impedance  equivalence, 
V1  -  V2    V1  -  V2 


l  = 


(1/fCl)  Requiv 


A  new  variable,  Requiv.  has  been  defined  such  that 
REQUiv= 1/fC1 .  Thus,  the  equivalent  circuitforthe  switched 
capacitor  network  is  as  shown  in  Figure  3. 


V1 


"eouiv 


REQUIV  = 


1 

IC1 


Figure  3.  Switched  Capacitor  Equivalent  Circuit 

Examination  of  Figure  4  shows  that  the  LTC1046  has  the 
same  switching  action  as  the  basic  switched  capacitor 
building  block.  With  the  addition  of  finite  switch  ON 
resistance  and  output  voltage  ripple,  the  simple  theory, 
although  not  exact,  provides  an  intuitive  feel  for  how  the 
device  works. 


3x 

(1) 

OSC 

osc 

(7) 

SW1 


CAP* 

(2) 


SW2 


V0UT 
(5) 


3ND 
13) 


X 


Figure  4.  LTC1046  Switched  Capacitor  Voltage  Converter  Block 
Diagram 

For  example,  if  you  examine  power  conversion  efficiency 
as  a  function  of  frequency  (see  typical  curve),  this  simple 
theory  will  explain  how  the  LTC1046  behaves.  The  loss, 
and  hence  the  efficiency,  is  set  by  the  output  impedance. 
As  frequency  is  decreased,  the  output  impedance  will 
eventually  be  dominated  by  the  1/fC1  term  and  power 
efficiency  will  drop.  The  typical  curves  for  power  efficiency 
versus  frequency  show  this  effect  for  various  capacitor  values. 


Note  also  that  power  efficiency  decreases  as  frequency 
goes  up.  This  is  caused  by  internal  switching  losses  which 
occur  due  to  some  finite  charge  being  lost  on  each 
switching  cycle.  This  charge  loss  per  unit  cycle,  when 
multiplied  by  the  switching  frequency,  becomes  a  current 
loss.  At  high  frequency  this  loss  becomes  significant  and 
the  power  efficiency  starts  to  decrease. 

LV  (Pin  6) 

The  internal  logic  of  the  LTC1 046  runs  between  V+  and  LV 
(pin  6).  For  V+  greater  than  or  equal  to  3V,  an  internal 
switch  shorts  LVto  ground  (pin  3).  For  V+  less  than  3V,  the 
LV  pin  should  be  tied  to  ground.  For  V+  greater  than  or 
equal  to  3V,  the  LV  pin  can  be  tied  to  ground  or  left  floating. 

OSC  (Pin  7)  and  Boost  (Pin  1) 

The  switching  frequency  can  be  raised,  lowered  or  driven 
from  an  external  source.  Figure  5  shows  a  functional 
diagram  of  the  oscillator  circuit. 

V 


LTC1W6-TA05 


Figure  5.  Oscillator 

By  connecting  the  boost  pin  (pin  1 )  to  V+,  the  charge  and 
discharge  current  is  increased  and,  hence,  the  frequency 
is  increased  by  approximately  three  times.  Increasing  the 
frequency  will  decrease  output  impedance  and  ripple  for 
higher  load  currents. 

Loading  pin  7  with  more  capacitance  will  lower  the  fre- 
quency. Using  the  boost  (pin  1)  in  conjunction  with 
external  capacitance  on  pin  7  allows  user  selection  of  the 
frequency  over  a  wide  range. 
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Driving  the  LTC1046  from  an  external  frequency  source 
can  be  easily  achieved  by  driving  pin  7  and  leaving  the 
boost  pin  open,  as  shown  in  Figure  6.  The  output  current 
from  pin  7  is  small,  typically  15|xA,  so  a  logic  gate  is 
capable  of  driving  this  current.  The  choice  of  using  a 
CMOS  logic  gate  is  best  because  it  can  operate  over  a  wide 
supply  voltage  range  (3V  to  1 5V)  and  has  enough  voltage 
swing  to  drive  the  internal  Schmitt  trigger  shown  in  Figure 
5.  For  5V  applications,  a  TTL  logic  gate  can  be  used  by 
simply  adding  an  external  pull-up  resistor  (see  Figure  6). 


Figure  6.  External  Clacking 


Capacitor  Selection 

While  the  exact  values  of  Cin  and  Cout  are  non-critical, 
good  quality,  low  ESR  capacitors  such  as  solid  tantalum 


are  necessary  to  minimize  voltage  losses  at  high  currents. 
For  Cin  the  effect  of  the  ESR  of  the  capacitor  will  be 
multiplied  by  four,  due  to  the  fact  that  switch  currents  are 
approximately  two  times  higher  than  output  current,  and 
losses  will  occur  on  both  the  charge  and  discharge  cycle. 
This  means  that  using  a  capacitor  with  1 Q.  of  ESR  for  Cin 
will  have  the  same  effect  as  increasing  the  output  imped- 
ance of  the  LTC1046  by  4D.  This  represents  a  significant 
increase  in  the  voltage  losses.  For  Cout  the  effect  of  ESR 
is  less  dramatic.  Cout  is  alternately  charged  and  dis- 
charged at  a  current  approximately  equal  to  the  output 
current,  and  the  ESR  of  the  capacitor  will  cause  a  step 
function  to  occur,  in  the  output  ripple,  at  the  switch 
transitions.  This  step  function  will  degrade  the  output 
regulation  for  changes  in  output  load  current,  and  should 
be  avoided.  Realizing  that  large  value  tantalum  capacitors 
can  be  expensive,  a  technique  that  can  be  used  is  to 
parallel  a  smaller  tantalum  capacitor  with  a  large  alumi- 
num electrolytic  capacitor  to  gain  both  low  ESR  and 
reasonable  cost.  Where  physical  size  is  a  concern  some 
of  the  newer  chip  type  surface  mount  tantalum  capacitors 
can  be  used.  These  capacitors  are  normally  rated  at 
working  voltages  in  the  10V-20V  range  and  exhibit  very 
low  ESR  (in  the  range  of  0.1  Q). 
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Negative  Voltage  Converter 

Figure  7  shows  a  typical  connection  which  will  provide  a 
negative  supply  from  an  available  positive  supply.  This 
circuit  operates  over  full  temperature  and  power  supply 
ranges  without  the  need  of  any  external  diodes.  The  LV  pin 
(pin  6)  is  shown  grounded,  but  for  V+  >  3V,  it  may  be 
floated,  since  LV  is  internally  switched  to  ground  (pin  3) 
forV+>3V. 

The  output  voltage  (pin  5)  characteristics  of  the  circuit  are 
those  of  a  nearly  ideal  voltage  source  in  series  with  an  27Q 
resistor.  The  27D  output  impedance  is  composed  of  two 
terms:  1)  the  equivalent  switched  capacitor  resistance 
(see  Theory  of  Operation),  and  2)  a  term  related  to  the  ON 
resistance  of  the  MOS  switches. 


V*  (1.5V  TO  6.0V) 

TMIN  £  TA  £  TMAX 

-^REQUIRED  FOR  V  <  3V 

=  -V* 

~  ~  LTC1M6-TA07 

Figure  7.  Negative  Voltage  Converter 

At  an  oscillator  frequency  of  30kHz  and  C1  =  10u.F,  the  first 
term  is: 

REQUIV= 


(f0Sc/2)xC1 

1 


15x103x10x10-6 


=  6.7n. 
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Notice  that  the  equation  for  Requiv  is  not  an  capacitive 
reactance  equation  (Xc  =  1/coC)  and  does  not  contain  a  2n 
term. 

The  exact  expression  for  output  impedance  is  complex, 
but  the  dominant  effect  of  the  capacitor  is  clearly  shown  on 
the  typical  curves  of  output  impedance  and  power  effi- 
ciency versus  frequency.  For  C1  =  C2  =  10u.F,  the  output 
impedance  goes  from  27£2  at  frjsc  =  30kHz  to  225Q  at 
fosc  = 1  kHz-  As  the  1/fC  term  becomes  large  compared  to 
switch  ON  resistance  term,  the  output  resistance  is  deter- 
mined by  1/fC  only. 

Voltage  Doubling 

Figure  8  shows  a  two  diode,  capacitive  voltage  doubler. 
With  a  5V  input,  the  output  is  9.1  V  with  no  load  and  8.2V 
with  a  10mA  load. 


V,N  (1.5VT0  6V) 


LTC1M6-TA08 


Figure  8.  Voltage  Doubler 
Ultra-Precision  Voltage  Divider 

An  ultra-precision  voltage  divider  is  shown  in  Figure  9.  To 
achieve  the  0.0002%  accuracy  indicated,  the  load  current 
should  be  kept  below  100nA.  However,  with  a  slight  loss 
in  accuracy,  the  load  current  can  be  increased. 


V*(3VT012V) 


TMIN  5  TA  s  TMAX      ii—  C2  \ 
lL<100nA     —I—  10hF  \ 


Battery  Splitter 

A  common  need  in  many  systems  is  to  obtain  positive  and 
negative  supplies  from  a  single  battery  or  single  power 
supply  system.  Where  current  requirements  are  small,  the 
circuit  shown  in  Figure  1 0  is  a  simple  solution.  It  provides 
symmetrical  positive  or  negative  output  voltages,  both 
equal  to  one  half  the  input  voltage.  The  output  voltages  are 
both  referenced  to  pin  3  (output  common).  If  the  input 
voltage  between  pin  8  and  pin  5  is  less  than  6V,  pin  6 
should  also  be  connected  to  pin  3,  as  shown  by  the 
dashed  line. 
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10(iF 
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II--. 
H 


I  tVB/2  (4.5V) 

-  REQUIRED  FOR  VB  <  6V 


-VB/2  H.5V) 


3V<VB<12V 


1— 


Figure  10.  Battery  Splitter 


C2 
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OUTPUT  COMMON 

ITC1O46-TA10 


Paralleling  for  Lower  Output  Resistance 

Additional  flexibility  of  the  LTC1 046  is  shown  in  Figures  1 1 
and  12.  Figure  11  shows  two  LTC1046s  connected  in 
parallel  to  provide  a  lower  effective  output  resistance.  If, 
however,  the  output  resistance  is  dominated  by  1/fC1, 
increasing  the  capacitor  size  (C1)  or  increasing  the  fre- 
quency will  be  of  more  benefit  than  the  paralleling 
circuit  shown. 

Figure  12  makes  use  of  "stacking"  two  LTC1046s  to 
provide  even  higher  voltages.  In  Figure  12,  a  negative 
voltage  doubler  or  tripler  can  be  achieved  depending  upon 
how  pin  8  of  the  second  LTC1 046  is  connected,  as  shown 
schematically  by  the  switch. 


REQUIRED  FOR  V*  <  6V 


Figure  9.  Ultra-Precision  Voltage  Divider 
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V0UT  =  -(V*) 


,  'trZ.  .  .  i  OPTIONAL  SYNCHRONIZATION 
CIRCUIT  TO  MINIMIZE  RIPPLE 

LTC1046-TA11 

Figure  11 .  Paralleling  for  1 00mA  Load  Current 


FOR  V0, 


-3V*- 


FORVOUT  =  -2V* 


LTC1046-TA12 


Figure  12.  Stacking  for  Higher  Voltage 
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■  Fully  Enhances  N-Channel  Power  MOSFETs 

■  8u.A  Standby  Current 

■  85u.A  ON  Current 

■  Short  Circuit  Protection 

■  Wide  Power  Supply  Range  4.5V  to  18V 

■  Controlled  Switching  ON  and  OFF  Times 

■  No  External  Charge  Pump  Components 

■  Replaces  P-Channel  High  Side  MOSFETs 

■  Compatible  with  Standard  Logic  Families 

■  Available  in  8-Pin  SO  Package 

flppucOTions 

■  Lap-Top  Power  Bus  Switching 

■  SCSI  Termination  Power  Switching 

■  Cellular  Phone  Power  Management 

■  P-Channel  Switch  Replacement 

■  Relay  and  Solenoid  Drivers 

■  Low  Frequency  Half  H-Bridge 

■  Motor  Speed  and  Torque  Control 


 LTC1155 

Dual  High  Side 
Micropower  MOSFET  Driver 

DCSCMPTIOn 

The  LTC1155  dual  high  side  gate  driver  allows  using  low 
cost  N-channel  FETs  for  high  side  switching  applications. 
An  internal  charge  pump  boosts  the  gate  above  the  posi- 
tive rail,  fully  enhancing  an  N-channel  MOSFET  with  no 
external  components.  Micropower  operation,  with  8joA 
standby  current  and  85(iA  operating  current,  allows  use  in 
virtually  all  systems  with  maximum  efficiency. 

Included  on-chip  is  over-current  sensing  to  provide  auto- 
matic shutdown  in  case  of  short  circuits.  A  time  delay  can 
be  added  in  series  with  the  current  sense  to  prevent  false 
triggering  on  high  in-rush  loads  such  as  capacitors  and 
incandescent  lamps. 

The  LTC1 1 55  operates  off  of  a  4.5V  to  1 8V  supply  input 
and  safely  drives  the  gates  of  virtually  all  FETs.  The 
LTC1 1 55  is  well  suited  for  low  voltage  (battery  powered) 
applications,  particularly  where  micropower  "sleep"  op- 
eration is  required. 

The  LTC1155  is  available  in  both  8-pin  DIP  and  8-pin  SO 
packages. 


typical  nppucnuon 

Lap-Top  Computer  Power  Bus  Switch  with  Short  Circuit  Protection 
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Supply  Voltage  22V 

Input  Voltage  (Vs  +0.3V)  to  (GMD  -0.3V) 

Gate  Voltage  (Vs  +24V)  to  (GND  -0.3V) 

Current  (Any  Pin)  50mA 

Operating  Temperature  Range 

LTC1155M  -55°Cto  +125°C 

LTC1155C  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  Range  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R 


DS1  fT 
G1  \7 

GND  [T 
IN1  [7 


TOP  VIEW 
— C7  


T\  DS2 
T\  G2 

H  vs 

T\  IN2 


J8  PACKAGE  N8  PACKAGE 

READ  HERMETIC  DIP    8-LEAD  PLASTIC  DIP 





S8  PACKAGE 
8-LEAD  PLASTIC  SO 

LT0,,5s'PD°a 


ORDER  PART 
NUMBER 


LTC1155CN8 
LTC1155CJ8 
LTC1155MJ8 


LTC1155CS8 


S8  PART  MARKING 


1155 




€L€CTRICRL  CHRRRCTCRISTICS  Vs  =  4.5V  to  18V,  TA  =  25  C.  unless  otherwise  noted. 


LTC1155M 

LTC1155C 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vs 

Supply  Voltage 

• 

4.5 

18 

4.5 

18 

V 

Iq 

Quiescent  Current  OFF 

Vim  =  0V,  Vs  =  5V(Note1) 

8 

20 

8 

20 

P-A 

Quiescent  Current  ON 

Vs  =  5V,  V|N  =  5V  (Note  2) 

85 

120 

85 

120 

M-A 

Quiescent  Current  ON 

Vs  =  12V,  V,N  =  5V(Note  2) 

180 

400 

180 

400 

,iA 

VlNH 

Input  High  Voltage 

• 

2.0 

2.0 

V 

VINL 

Input  Low  Voltage 

• 

0.8 

0.8 

V 

l|N 

Input  Current 

0V  <  V|N  <  Vs 

• 

±1.0 

±1.0 

|xA 

C|N 

Input  Capacitance 

5 

5 

PF 

VsEN 

Drain  Sense  Threshold  Voltage 

80 

100 

120 

80 

100 

120 

mV 

• 

75 

100 

125 

75 

100 

125 

mV 

'SEN 

Drain  Sense  Input  Current 

0V<VSEN<VS 

±0.1 

±0.1 

P-A 

Vgate-Vs 

Gate  Voltage  Above  Supply 

VS  =  5V 

• 

6.0 

6.8 

9.0 

6.0 

6.8 

9.0 

V 

VS  =  6V 

• 

8.0 

8.5 

15 

8.0 

8.5 

15 

V 

VS  =  12V 

• 

18 

20 

28 

18 

20 

28 

V 

Ton 

Turn  ON  Time 

Vs  =  5V,  CGATE  =  1000pF 

Time  for  Vgate  >  vs  +2V 

50 

160 

300 

50 

160 

300 

P-S 

Time  for  Vgate  >  vs  +5V 

200 

580 

1000 

200 

580 

1000 

US 

VS  =  12V,  Cqate  =  1 0OOpF 

Time  for  Vgate  >  vs  +5V 

50 

100 

200 

50 

100 

200 

p.s 

Time  for  VGate  >Vs+10V 

120 

250 

500 

120 

250 

500 

XTUD 
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€l€CTMCm  CHfiRfiCT€filSTICS  vs  =  4.5V  to  18V,  TA  =  25  C.  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LTC1155M 
TYP 

MAX 

MIN 

LTC1155C 
TYP 

MAX 

UNITS 

Toff 

Turn  OFF  Time 

VS  =  5V,  CGATE  =  1000pF 
Time  for  Vqate  <  1V 

10 

36 

60 

10 

36 

60 

lis 

VS  =  12V,  Cqate  =  1 0OOpF 
Time  for  Vqate  <  1V 

10 

26 

60 

10 

26 

60 

US 

Tsc 

Short  Circuit  Turn  OFF  Time 

Vs  =  5V,  Cqate  =  1000pF 
Time  for  Vqate  <1V 

5 

16 

30 

5 

16 

30 

US 

VS  =  12V,  Cqate  =  1 0OOpF 
Time  forVGATE<1V 

5 

16 

30 

5 

16 

30 

lis 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  Note  1 :  Quiescent  current  OFF  is  for  both  channels  in  OFF  condition, 

temperature  range.  Note  2:  Quiescent  current  ON  is  per  driver  and  is  measured 

independently. 
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Standby  Supply  Current 
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LTC11SS-TPC01 
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SUPPLY  VOLTAGE  (V) 


i  Side  Gate  Voltage 


5  10  15 

SUPPLY  VOLTAGE  (V) 


2.4 
2.2 
~  2.0 

CD 

<  1.8 

§  1.6 
a 

ci  1.4 
|  1.2 
|  1.0 
|  0.8 
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Input  Threshold  Voltage 


Von 

Voff 

5  10  15  20 

SUPPLY  VOLTAGE  (V) 


150 
'  140 
130 
120 
110 
100 
90 
80 
70 


Drain  Sense  Threshold  Voltage 


Low  Side  Gate  Voltage 


5  10  15 
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LTC1155  OPCRRTIOn 

The  LTC1155  contains  two  independent  power  MOSFET 
gate  drivers  and  protection  circuits  (refer  to  the  Block 
Diagram  for  details).  Each  half  of  the  LTC1 1 55  consists  of 
the  following  functional  blocks: 

TTL  and  CMOS  Compatible  Inputs 

Each  driver  input  has  been  designed  to  accommodate  a 
wide  range  of  logic  families.  The  input  threshold  is  set  at 
1 .3V  with  approximately  100mV  of  hysteresis. 

A  voltage  regulator  with  low  standby  current  provides 
continuous  bias  for  the  TTL  to  CMOS  converters.  The  TTL 
to  CMOS  converter  output  enables  the  rest  of  the  circuitry. 
In  this  way  the  power  consumption  is  kept  to  a  minimum 
in  the  standby  mode. 

Internal  Voltage  Regulation 

The  output  of  the  TTL  to  CMOS  converter  drives  two 
regulated  supplies  which  power  the  low  voltage  CMOS 
logic  and  analog  blocks.  The  regulator  outputs  are  isolated 
from  each  other  so  that  the  noise  generated  by  the  charge 
pump  logic  is  not  coupled  into  the  100mV  reference  orthe 
analog  comparator. 


Gate  Charge  Pump 

Gate  drive  for  the  power  MOSFET  is  produced  by  an 
adaptive  charge  pump  circuit  which  generates  a  gate 
voltage  substantially  higher  than  the  power  supply  volt- 
age. The  charge  pump  capacitors  are  included  on  chip 
and,  therefore,  no  external  components  are  required  to 
generate  the  gate  drive. 

Drain  Current  Sense 

The  LTC1155  is  configured  to  sense  the  drain  current  of 
the  power  MOSFET  in  high  side  applications.  An  internal 
1 0OmV  reference  is  compared  to  the  drop  across  a  sense 
resistor  (typically  0.002f2  to  0.1  £2)  in  series  with  the  drain 
lead.  If  the  drop  across  this  resistor  exceeds  the  internal 
100mV  threshold,  the  input  latch  is  reset  and  the  gate  is 
quickly  discharged  by  a  large  ISI-channel  transistor. 

Controlled  Gate  Rise  and  Fall  Times 

When  the  input  is  switched  ON  and  OFF,  the  gate  is 
charged  by  the  internal  charge  pump  and  discharged  in  a 
controlled  manner.  The  charge  and  discharge  rates  have 
been  set  to  minimize  RFI  and  EMI  emissions  in  normal 
operation.  If  a  short  circuit  or  current  overload  condition 
is  encountered,  the  gate  is  discharged  very  quickly  (typi- 
cally afew  microseconds)  by  a  large  N-channel  transistor. 


PIP  D€SCRIPTIOnS 

Input  Pin 

The  LTC1 1 55  logic  input  is  a  high  impedance  CMOS  gate 
and  should  be  grounded  when  not  in  use.  These  input  pins 
have  ESD  protection  diodes  to  ground  and  supply  and, 
therefore,  should  not  be  forced  beyond  the  power  supply 
rails. 

Gate  Drive  Pin 

The  gate  drive  pin  is  either  driven  to  ground  when  the 
switch  is  turned  OFF  or  driven  above  the  supply  rail  when 
the  switch  is  turned  ON.  This  pin  is  a  relatively  high 
impedance  when  driven  above  the  rail  (the  equivalent  of  a 


few  hundred  k£2).  Care  should  be  taken  to  minimize  any 
loading  of  this  pin  by  parasitic  resistance  to  ground  or 
supply. 

Supply  Pin 

The  supply  pin  of  the  LTC1 1 55  serves  two  vital  purposes. 
The  first  is  obvious:  it  powers  the  input,  gate  drive, 
regulation  and  protection  circuitry.  The  second  purpose  is 
less  obvious:  it  provides  a  Kelvin  connection  to  the  top  of 
the  two  drain  sense  resistors  for  the  internal  100mV 
reference.  The  supply  pin  should  be  connected  directly  to 
the  power  supply  source  as  close  as  possible  to  the  top  of 
the  two  sense  resistors. 
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The  supply  pin  of  the  LTC1 1 55  should  not  be  forced  below 
ground  as  this  may  result  in  permanent  damage  to  the 
device,  A  300Q  resistor  should  be  inserted  in  series  with 
the  ground  pin  if  negative  supply  voltages  are  anticipated. 

Drain  Sense  Pin 

As  noted  previously,  the  drain  sense  pin  is  compared 
against  the  supply  pin  voltage.  If  the  voltage  at  this  pin  is 
more  than  1 0OmV  below  the  supply  pin,  the  input  latch  will 
be  reset  and  the  MOSFET  gate  will  be  quickly  discharged. 
Cycle  the  input  to  reset  the  short  circuit  latch  and  turn  the 
MOSFET  back  on. 


This  pin  is  also  a  high  impedance  CMOS  gate  with  ESD 
protection  and,  therefore,  should  not  be  forced  beyond  the 
power  supply  rails.  To  defeat  the  over  current  protection, 
short  the  drain  sense  to  supply. 

Some  loads,  such  as  large  supply  capacitors,  lamps  or 
motors  require  high  inrush  currents.  An  RC  time  delay 
must  be  added  between  the  sense  resistor  and  the  drain 
sense  pin  to  ensure  that  the  drain  sense  circuitry  does  not 
false  trigger  during  start-up.  This  time  constant  can  be  set 
from  afew  microseconds  to  many  seconds.  However,  very 
long  delays  may  put  the  MOSFET  in  riskof  being  destroyed 
by  a  short  circuit  condition  (see  Applications  Information 
section). 


nppucmions  inFORmmion 


Protecting  the  MOSFET 

The  MOSFET  is  protected  against  destruction  by  removing 
drive  from  the  gate  as  soon  as  an  over  current  condition  is 
detected.  Resistive  and  inductive  loads  can  be  protected 
with  no  external  time  delay.  Large  capacitive  or  lamp 
loads,  however,  require  that  the  over  current  shutdown 
function  be  delayed  long  enough  to  start  the  load  but  short 
enough  to  ensure  the  safety  of  the  MOSFET. 


Example  Calculations 


Considerthe  circuit  of  Figure  1 .  A  power  MOSFET  is  driven 
by  one  side  of  an  LTC1 1 55  to  switch  a  high  inrush  current 
load.  The  drain  sense  resistor  is  selected  to  limit  the 
maximum  DC  current  to  3.3A. 

Rsen  =  Vsen/Itrip 

=  0.1/3.3A 

=  30mQ 

A  time  delay  is  introduced  between  Rsem  and  the  drain 
sense  pin  of  the  LTC1 1 55  which  provides  sufficient  delay 
to  start  a  high  inrush  load  such  as  large  supply  capacitors. 

In  this  example  circuit,  we  have  selected  the  IRLZ34 
because  of  its  low  RDSqn  (0.05£2  with  V6S  =  5V).  The  FET 
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Figure  1.  Adding  an  RC  Delay 


drops  0.1V  at  2A  and,  therefore,  dissipates  200mW  in 
normal  operation  (no  heat  sinking  required). 

If  the  output  is  shorted  to  ground,  the  current  through  the 
FET  rises  rapidly  and  is  limited  by  the  RDSom  of  the  FET, 
the  drain  sense  resistor  and  the  series  resistance  between 
the  power  supply  and  the  FET.  Series  resistance  in  the 
power  supply  can  be  substantial  and  attributed  to  many 
sources  including  harness  wiring,  PCB  traces,  supply 
capacitor  ESR,  transformer  resistance  or  battery  resis- 
tance. 
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For  this  example,  we  assume  a  worst  case  scenario;  i.e. 
that  the  power  supply  to  the  power  MOSFET  is  "hard"  and 
provides  a  constant  5V  regardless  of  the  current.  In  this 
case,  the  current  is  limited  by  the  RDSon  of  the  MOSFET 
and  the  drain  sense  resistance.  Therefore: 

I  peak  =  Vsupply/0-08£2 

=  62.5A 

The  drop  across  the  drain  sense  resistor  under  these 
conditions  is  much  larger  than  1 0OmV  and  is  equal  to  the 
drain  current  times  the  sense  resistance: 

Vdrop  =  OpeakMRsen) 
=  1.88V 

By  consulting  the  power  MOSFET  data  sheet  SOA  graph, 
we  note  that  the  IRLZ34  is  capable  of  delivering  62.5A  at 
a  drain-to-source  voltage  of  3.12V  for  approximately 
10ms. 

An  RC  time  constant  can  now  be  calculated  which  satisfies 
this  requirement: 


RC  =  - 


-t 


In 


VSEN 


RC  =  - 


RSEN  *  !|VIAX 
-0.01 


In 


1- 


0.10 


0.030.62.5 
=  -0.01/-0.054 
=  182ms 

This  time  constant  should  be  viewed  as  a  maximum  safe 
delay  time  and  should  be  reduced  if  the  competing  re- 
quirement of  starting  a  high  inrush  current  load  is  less 
stringent;  i.e.,  if  the  inrush  time  period  is  calculated  at 
20ms,  the  RC  time  constant  should  be  set  at  roughly  two 
or  three  times  this  time  period  and  not  at  the  maximum  of 
182ms.  A  60ms  time  constant  would  be  produced  with  a 
270k  resistor  and  a  0.22uJ  capacitor  (as  shown  in 


Graphical  Approach  to  Selecting  RDLY  and  C0ly 

Figure  2  is  a  graph  of  normalized  over-current  shutdown 
time  versus  normalized  MOSFET  current.  This  graph  can 
be  used  instead  of  the  above  equation  to  calculate  the  RC 
time  constant.  The  Y  axis  of  the  graph  is  normalized  to  one 
RC  time  constant.  The  X  axis  is  normalized  to  the  set 
current.  (The  set  current  is  defined  as  the  current  required 
to  develop  100mV  across  the  drain  sense  resistor). 


MOSFET  CURRENT  (1  =  SET  CURRENT) 

LTC11S5  ■  TA04 

Figure  2.  Shutdown  Time  vs  MOSFET  Current 

Note  that  the  shutdown  time  is  shorter  for  increasing 
levels  of  MOSFET  current.  This  ensures  that  the  total 
energy  dissipated  by  the  MOSFET  is  always  within  the 
bounds  established  by  the  MOSFET  manufacturerforsafe 
operation. 

In  the  example  presented  above,  we  established  that  the 
power  MOSFET  should  not  be  allowed  to  pass  62. 5A  for 
more  than  1 0ms.  62.5A  is  roughly  1 8  times  the  set  current 
of  3.3A.  By  drawing  a  line  up  from  1 8  and  reflecting  it  off 
the  curve,  we  establish  that  the  RC  time  constant  should 
be  set  at  1 0ms  divided  by  0.054,  or  1 80ms.  Both  methods 
result  in  the  same  conclusion. 

Using  a  Speed  Up  Diode 

A  way  to  further  reduce  the  amount  of  time  that  the  power 
MOSFET  is  in  a  short  circuit  condition  is  to  "bypass"the 
delay  resistor  with  a  small  signal  diode  as  shown  in  Figure 
3.  The  diode  will  engage  when  the  drop  across  the  drain 
sense  resistor  exceeds  0.7V,  providing  a  direct  path  to  the 
sense  pin  and  dramatically  reducing  the  amount  of  time 
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Figure  3.  Using  a  Speed-Up  Diode 

the  MOSFET  is  in  an  overload  condition.  The  drain  sense 
resistor  value  is  selected  to  limitthe  maximum  DC  current 
to  4A.  Above  28A,  the  delay  time  drops  to  10u-S. 

Switched  Supply  Applications 

Large  inductive  loads,  such  as  solenoids,  relays  and 
motors  store  energy  which  must  be  directed  backto  either 
the  power  supply  or  to  ground  when  the  supply  voltage  is 
interrupted  (see  Figure  4).  In  normal  operation,  when  the 
switch  is  turned  OFF,  the  energy  stored  in  the  inductor  is 
harmlessly  absorbed  by  the  MOSFET;  i.e.,  the  current 
flows  out  of  the  supply  through  the  MOSFET  until  the 
inductor  current  fails  to  zero. 


Figure  4.  Switched  Supply 


If  the  MOSFET  is  turned  ON  and  the  power  supply  (battery) 
removed,  the  inductor  current  is  delivered  by  the  supply 
capacitor.  The  supply  capacitor  must  be  large  enough  to 
deliverthe  energy  demanded  by  the  discharging  inductor. 
If  the  storage  capacitor  is  too  small,  the  supply  lead  of  the 
LTC1 155  may  be  pulled  below  ground,  permanently  de- 
stroying the  device. 

Consider  the  case  of  a  load  inductance  of  1mH  which  is 
supporting  3A  when  the  6V  power  supply  connection  is 
interrupted.  A  supply  capacitor  of  at  least  250uT  is  re- 
quired to  prevent  the  supply  lead  of  the  LTC1155  from 
being  pulled  below  ground  (along  with  any  other  circuitry 
tied  to  the  supply). 

Any  wire  between  the  power  MOSFET  source  and  the  load 
will  add  a  small  amount  of  parasitic  inductance  in  series 
with  the  load  (approximately  0.4u.H/foot).  Bypass  the 
power  supply  lead  of  the  LTC1155  with  a  minimum  of 
10uf  to  ensure  that  this  parasitic  load  inductance  is 
discharged  safely,  even  if  the  load  is  otherwise  resistive. 

Large  Inductive  Loads 

Large  inductive  loads  (>0.1  mH)  may  require  diodes  con- 
nected directly  across  the  inductor  to  safely  divert  the 
stored  energy  to  ground.  Many  inductive  loads  have  these 
diodes  included.  If  not,  a  diode  of  the  proper  current  rating 
should  be  connected  across  the  load  to  safely  divert  the 
stored  energy. 

Reverse  Battery  Protection 

The  LTC1155  can  be  protected  against  reverse  battery 
conditions  by  connecting  a  resistor  in  series  with  the 
ground  lead  as  shown  in  Figure  5.  The  resistor  limits  the 
supply  current  to  less  than  50mA  with  -1 2V  applied.  Since 
the  LTC1155  draws  very  little  current  while  in  normal 
operation,  the  drop  across  the  ground  resistor  is  minimal. 

The  TTL  or  CMOS  driving  logic  is  protected  against  re- 
verse battery  conditions  by  the  1 00k  input  current  limiting 
resistor.  The  addition  of  1 00k  resistance  in  series  with  the 
input  pin  will  not  affect  the  turn  ON  and  turn  OFF  times 
which  are  dominated  by  the  controlled  gate  charg 
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VS  =  4.5V  TO  18V 


LTC1155-TAQ7 


Figure  5.  Reverse  Battery  Protection 
Over  Voltage  Protection 

The  MOSFET  and  load  can  be  protected  against  over 
voltage  conditions  by  using  the  circuit  of  Figure  6.  The 
drain  sense  function  is  used  to  detect  an  over  voltage 
condition  and  quickly  discharge  the  power  MOSFET  gate. 
The  18V  zener  diode  conducts  when  the  supply  voltage 


exceeds  18.6V  and  pulls  the  drain  sense  pin  0.6V  below 
the  supply  pin  voltage. 

The  supply  voltage  is  limited  to  1 8.6V  and  the  gate  drive  is 
immediately  removed  from  the  MOSFET  to  ensure  that  it 
cannot  conduct  during  the  over  voltage  period.  The  gate  of 
the  MOSFET  will  be  latched  OFF  until  the  supply  transient 
is  removed  and  the  input  turned  OFF  and  ON  again. 
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Figure  6.  Over  Voltage  Shutdown  and  Protection 
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TECHNOLOGY" 
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TYPICAL  flPPUCATIOnS 

High  Efliciency  60Hz  Full-Wave  Synchronous  Rectifier 


110V  AC  <\\>  6.3V  AC 


9V/3A 
DC 


DS2  Vs  OS1 
IN1  "  G1 

LTC11S5 


GND 


18V, 
1N4746A 


MOSFETs  ARE  SYNCHRONOUSLY  ENHANCED  WHEN  RECTIFIER  CURRENT  EXCEEDS  300mA 
*N0  HEATSINK  REQUIRED 
•INTERNAL  BODY  DIODE  OF  MOSFET 
*RCS02  ULTRONIX  (303)  242-0810 


■  4700>iF 

■  16V 


30msr** 
-Wv  


i(F0<  100Hz) 


4.5V  TO  6V 


HI/LO  ■ 


x 

T 


10nF 


1N4148 

— M— 


X0.1nF 
300k 
— vw- 


0S1  Vs  0S2 
N1  *  G1 

LTC1155 
IN2  62 


-M- 


1N4148 

•OPPOSING  GATE  MUST  DROP  BELOW  2V  BEFORE  THE  OTHER  IS  CHARGED 
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tvpicrl  flpPLicnnons 

Full  H-Brldge  Driver  with  Shoot-Through  Current  Lockout  and  Stall  Current  Shutdown  (F0  <  100Hz) 


4.5V  TO  6V 


•OPPOSING  GATES  ARE  HELD  OFF  UNTIL  OTHER  GATES  DROP  BELOW  1 ,5V 


DC  Motor  Speed  and  Torque  Control  for  Cordless  Tools  and  Appliances 


r 

—  i 

i 


.  47nF 
16V 


1  J 

SPEED  IS  PROPORTIONAL  TO  PULSE  WIDTH.  TORQUE  IS  PROPORTIONAL  TO  CURRENT 


1  i 


:  o.imf 


300k 
-Wv- 


.10k  ^o.m 

; TORQUE 
ADJUST 


1 1A 

10/ 

I  m 


TO 
10A 
MAX 

IRFZ24 


 §N2  I   SMALn^cnA„ppL|A«  (  m  ; 

OR  TOOL  MOTOR  v 


LTC11SS-TA23 


xttjqbb 
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tvpicrl  nppucnTions 

Isolated  High  Voltage  High-Side  Switch  with  Circuit  Breaker 


6VT012V 


100pF 


0.0022MF 


ON/OFF  1-4 


Isolated  Solid  State  AC  Relay  with  Circuit  Breaker 


18V  18V  IN/OUT 

1N4746A  1N4746A 


>*1  IRFZ24 


IN/OUT 


•PICO  ELECTRONICS  F-28115  OR  EQUIVALENT 
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TECHNOLOGY 


F€flTUR€S 

■  No  External  Charge  Pump  Components 

■  Fully  Enhances  N-Channel  Power  MOSFETs 

■  16  Microamps  Standby  Current 

■  95  Microamps  ON  Current 

■  Wide  Power  Supply  Range  4.5V  to  18V 

■  Controlled  Switching  ON  and  OFF  Times 

■  Replaces  P-Channel  High  Side  Switches 

■  Compatible  with  Standard  Logic  Families 

■  Available  in  16-pin  SOL  Package 

nppucOTions 

■  Laptop  Computer  Power  Switching 

■  SCSI  Termination  Power  Switching 

■  Cellular  Telephone  Power  Management 

■  P-Channel  Switch  Replacement 

■  Battery  Charging  and  Management 

■  Low  Frequency  H-Bridge  Driver 
or  and  DC  Motor  Control 


 LTC1156 

Quad  High  Side 
Micropower  MOSFET  Driver 
with  Internal  Charge  Pump 

DCSCRIPTIOn 

The  LTC1 1 56  quad  High  side  gate  driver  allows  using  low 
cost  N-channel  FETs  for  high  side  switching  applications. 
An  internal  charge  pump  boosts  the  gate  drive  voltage 
above  the  positive  rail,  fully  enhancing  an  N-channel  MOS 
switch  with  no  external  components.  Micropower  opera- 
tion, with  16liA  standby  current  and  95liA  operating 
current,  allows  use  in  virtually  all  systems  with  maximum 
efficiency. 

Included  on  chip  is  independent  over-current  sensing  to 
provide  automatic  shutdown  in  case  of  short  circuits.  A 
time  delay  can  be  added  to  the  current  sense  to  prevent 
false  triggering  on  high  in-rush  current  loads. 

The  LTC1 1 56  operates  off  of  a  4.5V  to  1 8V  supply  and  is 
well  suited  for  battery-powered  applications,  particularly 
where  micropower  "sleep"  operation  is  required. 

SOL  packages^ 


TYPICAL  flPPUCATIOn 

Laptop  Computer  Power  Management 


Standby  Supply  Current 


X 


1 0.t.  F 


1 

5V 

1 

CONTROL 
LOGIC 
OR(iP 

T 


ALL  COMPONENTS  SHOWN  ARE  SURFACE  MOUNT.  MINIMUM  PARTS  COUNT 
SHOWN.  CURRENT  LIMITS  CAN  BE  SET  SEPARATELY  AND  TAILORED  TO 
INDIVIDUAL  LOAD  CHARACTERISTICS. 

*  IMS026  INTERNATIONAL  MANUFACTURING  SERVICES.  INC.  (401)  683-9700 


100 
90 
80 
,  70 
60 
50 
40 
30 
20 
10 
0 


I  I 
Vim  =  VtN2  =ViN3  =  ViN4  =  OV 

Tj  =  25°C 

5  10  15 

SUPPLY  VOLTAGE  (V) 


XTUfl 
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LTC1156  

flftsoiuTc  mnximum  rrtiiigs 

Supply  Voltage  22V 

Input  Voltage  (Vs  +  0.3V)  to  (GND  -  0.3V) 

Gate  Voltage  (Vs  +  24V)  to  (GND  -  0.3V) 

Current  (Any  Pin)  50mA 

PRCKRG€/ORD€R  MFORfTIRTIOn 


Operating  Temperature  Range 

LTC1156C  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


GND  LT 

TJ]  G1 

IN1  |T 

TJ]  DS1 

Vs  LI 

U\  G2 

IN2  E 

TJ]  DS2 

IN3  |T 

TJ]  DS3 

GND  [7 

l7J  G3 

IN4  |T 

10]  DS4 

vs  LI 

T\  G4 

N  PACKAGE 
16-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LTC1156CN 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


ORDER  PART 
NUMBER 


LTC1156CS 


€l€CTRICfll  CHRRRCT€RISTICS  Vs  =  4.5V  to  18V,  TA  =  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

vs 

Supply  Voltage 

(Notel) 

• 

4.5  18 

V 

Iq 

Quiescent  Current  OFF 



Vs  =  5V,  V|N  =  0V  (Note  2) 

16 

40 

uA 

Iq 

Quiescent  Current  ON 

Vs  =  5V,  V|N  =  5V  (Note  3) 

95 

125 

uA 

Iq 

Quiescent  Current  ON 

VS  =  12V,  V|N  =  5V  (Note  3) 

180 

400 

ma 

V|NH 

Input  High  Voltage 

• 

2.0 

V 

V,NL 

Input  Low  Voltage 

• 

0.8 

V 

l|N 

Input  Current 

0V<V|N<Vs 

• 

±1.0 

uA 

C|N 

Input  Capacitance 

5 

PF 

VSEN 

Drain  Sense  Threshold 
Voltage 

• 

80 
75 

100 
100 

120 
125 

mV 
mV 

'SEN 

Drain  Sense  Input  Current 

0V<VSEN<VS 

• 

±0.1 

uA 

Vgate  -  Vs 

Gate  Voltage  Above  Supply 

VS  =  5V 
VS  =  6V 
VS  =  12V 

• 
• 
• 

6.0 
7.5 
18.0 

7.0 
8.3 
20.0 

9.0 
15.0 
28.0 

V 
V 
V 

tON 

Turn-ON  Time 

VS  =  5V,  CGATE  =  1000pF 
Time  for  Vqate  >  Vs  +  2V 
Time  for  Vqate  >  Vs  +  5V 

50 
200 

160 
580 

300 
1000 

MS 
MS 

VS  =  12V,  CGATE  =  1000pF 
Time  for  VqAte  >  Vs  +  5V 
Time  forVGATE>Vs  +  10V 

50 
120 

100 

250 

200 
500 

MS 
MS 
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LTC1156 


6LCCTRICRL  CHfiRfiCTCRISTICS  Vs  =  4.5Vto18V,TA  =  25°C,  unless  otherwise  noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

toFF 

Tum-OFF  Time 

VS  =  5V,  CGATE  =  1000pF 
Time  for  Vqate  <  1V 

10 

36 

60 

MS 

VS  =  12V,  Cqate  =  1000pF 
Time  for  Vqate  <  1V 

10 

26 

60 

MS 

tsc 

Short  Circuit  Turn-OFFTime 

VS  =  5V,  CGATE  =  1000pF 
Time  forVGATE<1V 

5 

16 

30 

MS 

VS  =  12V,  Cqate  =  lOOOpF 
Time  for  Vqate  <  1V 

5 

16 

30 

MS 

The  •  denotes  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Both  Vs  pins  (3  and  8)  must  be  connected  together,  and  both 
ground  pins  (1  and  6)  must  be  connected  together. 


Note  2:  Quiescent  current  OFF  is  for  all  channels  in  OFF  condition. 
Note  3:  Quiescent  current  ON  is  per  driver  and  is  measured 
independently. 


Standby  Supply  Current 


Supply  Current  per  Channel  ON 


High  Side  Gate  Voltage 


100 

90 

80 
70 

60 

a: 

AC 

50 

u 

>■ 

40 

IX 
Q- 
=1 

30 

to 

20 

10 

0 

_Vmt-V| 
Tj  =  25*C 

i2  =  V|N3  = 

/|N4  =  0V 

1000 

900 

800 

700 

z 

600 

cc 

K 
=3 

500 

u 

400 

CL 

300 

200 

100 

0 

I 

ONE  INPUT  =  ON 
OTHER  INPUTS  =  OF 
t. _ is°r 

5  10  15 

SUPPLY  VOLTAGE  (V) 


0  5  10  15 

SUPPLY  VOLTAGE  (V) 


5  10  15 

SUPPLY  VOLTAGE  (V) 


Standby  Supply  Current 


Supply  Current  per  Channel  ON 


Low  Side  Gate  Voltage 


m 

90 

<c 

SO 
70 

z 

60 

aE 

rr 

ZD 

50 

40 

CL 

a. 

ZJ 

30 

u-i 

20 

10 

0 

V|N1  -  V|N2  =  V|N3  =  V|N4  =  OV 

=  18V 

=  5V 

-50  25 


0  25  50  75 
TEMPERATURE  (°C) 


100  125 


1000 

900 

800 

<t 

700 

600 

ZD 

500 

400 

SUP 

300 

200 

100 

0 

I       1  1 
ONE  INPUT  =  ON 

GTH 

~R  INP 

JTS  = 

OFF 

.Vs  = 

18V 

5V 

0  25 


0  25  50  75 
TEMPERATURE  ("C) 


100  125 


2  4  6 

SUPPLY  VOLTAGE  (V) 


LTC1156 


tvpicrl  pcRFORmnncc  chrrrctcristics 


Turn-ON  Time 


Turn-OFF  Time 


Short  Circuit  Turn-OFF  Delay  Time 


1000 
900 
800 
J-  700 

3. 

"  600 

|  500 

I  400 
c 

-  300 
200 
100 
0 


_  Cgate  =  1 

OOOpF 

\  VGS  =  5V 

-  VGS  =  2\ 

5  10  15 

SUPPLY  VOLTAGE  (V) 


50 

45 

40 

35 

s 

30 

1— 

25 

o 

20 

DC 

— 

15 

10 

5 

0 

I 

Cr.iic  =  1000DF 

TIME  FOF 

VGATE<" 

1 

5  10  15 

SUPPLY  VOLTAGE  (V) 


_CGATE  =  1000pF 
TIME  FOR  Vqate  <  N 

-Vsen-Vs-1V 
NO  EXTERNAL  DELA 

f 

1 

S  10  15 

SUPPLY  VOLTAGE  (V) 


20 


BLOCK  DlflGRnm 


— — — 





.'.  STANDBY 
CURRENT 
REGULATOR 


TTL-TO-CMOS 
CONVERTER 


ANALOG  SECTION 


100mV 
REFERENCE 


Lj 


ANALOG  DIGITAL 


VOLTAGE 
REGULATORS 


10jjS 
DELAY 


ONE 
SHOT 


INPUT 
LATCH 


GATE  CHARGE 
AND  DISCHARGE 
CONTROL  LOGIC 


OSCILLATOR 
AND  CHARGE 
PUMP 


DRAIN 
'  SENSE 


FAST/SLOW 
GATE  CHARGE 
LOGIC 


OPCRRTIOn 


The  LTC1156  contains  four  independent  power  M0SFET 
gate  drivers  and  protection  circuits  (refer  to  the  Block 
Diagram  for  detail).  Each  section  of  LTC1156  consists  of 
the  following  functional  blocks: 


TTL  and  CMOS  Compatible  Inputs 

Each  driver  input  has  been  designed  to  accommodate  a 
wide  range  of  logic  families.  The  input  threshold  is  set  at 

1. 
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OP€RATIOfl 


A  voltage  regulator  with  low  standby  current  provides 
continuous  bias  for  the  TTL  to  CMOS  converters.  The  TTL 
to  CMOS  converter  output  enables  the  rest  of  the  circuitry. 
In  this  way  the  power  consumption  is  kept  to  a  minimum 
in  the  standby  mode. 

Internal  Voltage  Regulation 

The  output  of  the  TTL  to  CMOS  converter  drives  two 
regulated  supplies  which  power  the  low  voltage  CMOS 
logic  and  analog  blocks.  The  regulator  outputs  are  isolated 
from  each  other  so  that  the  noise  generated  by  the  charge 
pump  logic  is  not  coupled  into  the  1 0OmV  reference  orthe 
analog  comparator. 


Gate  Charge  Pump 

Gate  drive  for  the  power  MOSFET  is  produced  by  an 
adaptive  charge  pump  circuit  which  generates  a  gate 
voltage  substantially  higher  than  the  power  supply  volt- 
age. The  charge  pump  capacitors  are  included  on  chip  and 
therefore  not 
the  gate  drive. 


Drain  Current  Sense 

The  LTC1156  is  configured  to  sense  the  drain  current  of 
the  power  MOSFET  in  high  side  applications.  An  internal 
1 0OmV  reference  is  compared  to  the  drop  across  a  sense 
resistor  (typically  0.002Q  to  0.1  Q.)  in  series  with  the  drain 
lead.  If  the  drop  across  this  resistor  exceeds  the  internal 
100mV  threshold,  the  input  latch  is  reset  and  the  gate  is 
quickly  discharged  by  a  large  N-channel  transistor.  A 
simple  RC  network  can  be  added  to  delay  the  over-current 
protection  so  that  large  in-rush  current  loads  such  as 
lamps  or  capacitors  can  be  started. 

Supply  and  Ground  Pins 

The  two  supply  pins  (3  and  8)  of  the  LTC1156  must  be 
connected  together  at  all  times  and  the  two  ground  pins  ( 1 
and  6)  must  be  connected  together  at  all  times.  The  two 
supply  pins  should  be  connected  to  the  "top"  of  the  drain 
current  sense  resistor/s  to  ensure  accurate  sensing. 

For  further  applications  information,  see  the  LTC1155 
Dual  High  Side  Micropower  MOSFET  Driver  data  sheet. 


TYPICAL  flPPUCRTIOdS 


4-Cell  Extremely  Low  Voltage  Drop  Regulator  and  Three  Load 
Switches  with  Short-Circuit  Protection  and  20|uA  Standby  Current 


*  CAPACITOR  ESR  LESS  THAN  0.5£i 
"  RCS02  ULTRONIX  (3(13)  74P-0810 


ITEflD 
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TVPicm  nppLicnuons 


24V  to  30V  Quad  Industrial  Switch  with  Thermal  Shutdown 


•  KEYSTONE  RL2006-1 00-1 00-30-PT  MOUNT  ON  HEATSINK.  "" 


Automotive  Triple  High  Side  Switch  with  Reverse  Battery  Interrupt,  Short-Circuit 
and  High-Voltage  Transient  Protection  (20uA  Standby  Current) 


T 


INPUT  1  ■ 


INPUT  3  - 


100k 

-vw- 


100k 
-Wv- 


100k 
-VW- 


100k 
JWV- 


3  «  0.1mF 


-L-L-L 
TTT 


'  18V 
1N4746 


1 

k|  0.1.F       16V  I 


200k 


Vs  VS  DS1  G1 
DS2 
G2 


,T     IRFZ44  ^"1 


3  » IRFZ24 


/i'  24V 

IN2     LTC1156    DS3  — ' >  ♦  1N5252A 

30k  — 

KB  M  WV4/24V 

DS4I  |  A_  1N5252A  1  

m*pm,  4~ ^X24V  la 

A  1N5252A  1  


150fi 
1/2W 
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TVPICAl  APPLICflTIOnS 


4-Phase  Stepper  Motor  Driver  with  Short-Circuit  Protection 


T 


10|iF 


CONTROL 
LOGIC 


vs  % 

os* 

BS2 

□S3 

DS4 

LTC1156 

tu- 

G1 

rn 

62 

m 

63 

\m 

64 

'  STR101G  TECHNO  (818)  781-1642 


Full  H-BrirJge  Driver  with  Short-Circuit  Protection  and  I611A  Standby  Current 
Low  Frequency  Operation  (<100Hz) 


•  STR101G  TECHNO  (818)  781-1642 

•  SOFTWARE  (OR  HARDWARE)  DELAYS  SHOULD  BE  PROVIDED  TO  AVOID 
CROSS-CONDUCTION.  ALL  COMPONENTS  SHOWN  ARE  SURFACE  MOUNT. 


For  more  Typical  Applications,  see  LTC1 155  data  sheet. 


^/  TECHNOLOGY 
F€RTUR€S 

■  1.5A  Bipolar  Switch 

■  Controlled  Output  Slew  Rate  (2V//ts)  to  Limit  R.F.I. 
Generation 

■  60V  Load  Dump  Capability  with  Inductive  Kickback 

■  Internal  Negative  Voltage  Clamp  for  Inductive  Loads 

■  500/iA  Standby  Current 

■  Logic  Input -TTL  Levels 

■  Low  Input  Bias  Current  (20>A) 

■  Status  Output 

■  Short  Circuit  Detection  and  Shutoff 

■  Open  Circuit  Detection 

■  Overtemp  Detection  and  Shutoff 


flPPUCRTIOflS 

■  Solenoid  Driver 

■  Relay  Driver 

■  Motor  Driver 


LT1188 


DCSCRIPTIOn 

The  LT1188  is  a  monolithic  high  side  switch  employing 
bipolar  technology.  The  device  is  designed  to  operate  in 
harsh  environments  such  as  those  encountered  in  the  au- 
tomotive industry.  The  device  incorporates  an  internal 
clamp  diode  to  clamp  the  negative  voltage  spikes  gener- 
ated by  inductive  loads  such  as  solenoids  and  is  capable 
of  withstanding  load  dumps  of  60V  on  the  supply  pin  while 
clamping  such  spikes.  Standby  current  is  only  500j»A  and 
ground  pin  current,  when  driving  a  1 A  load,  is  only  5mA. 

The  device's  input  logic  levels  are  designed  to  be  compati- 
ble with  standard  TTL  levels  while  drawing  only  %A  in 
the  on  state.  A  status  output  is  provided  to  inform  the  user 
of  the  condition  of  the  output  load  as  well  as  the  switch. 
The  status  pin  will  change  state  for  shorted  as  well  as 
open  loads  and  will  also  indicate  when  the  device  is  above 
normal  operating  temperature.  The  device  protects  itself 
against  short  circuited  loads  by  limiting  output  current 
and  then  shutting  itself  off  after  a  specified  time  if  the 
short  remains.  The  device  protects  itself  against  overtem- 
perature  by  shutting  itself  off.  Overtemperature  shutoff 
occurs  at  a  temperature  above  where  the  status  pin  over- 
temp  indication  occurs,  allowing  the  user  time  to  recog- 
nize and  possibly  correct  the  problem  before  drive  to  the 
load  is  removed. 


BLOCK  DlflGRflffl 

INPUT  [JJ  


ONE 

SHOT 

s 

_n_ 

R 

OVERTEMP 
DETECTOR 


OPEN 
CIRCUIT 
DETECTOR 


-EKc 


SHORT 
CIRCUIT 
DETECTOR 


i  i  r 


STATUS 

in 


STATUS 
LOGIC 


-f?]  OUTPUT 


-TJ]  GROUND 


LT1188 


RBsoiuT€  mnximum  rrtirgs  prckrgc/ordcr  mFonmnTion 


Supply  Voltage  30V 

Supply  Voltage  (Transient  200ms)  60V 

Logic  Input  Voltage  30V 

Operating  Temperature  Range 

LT1188M  -55°Cto125°C 

LT1188C  0°Cto70°C 

Junction  Temperature  Range 

LT1188M  -55°Cto175°C 

LT1188C  0°Cto100°C 

Storage  Temperature  -65°Cto150°C 

Lead  Temperature  (Soldering,  10  sec)  300°C 


5 
4 
3 
2 
01 

1  OUTPUT 

TAB  IS 
GROUND 

o 

I  GROUND 
 =J  INPUT 

T  PACKAGE 
5-LEAD  T0-220 


INPUTS 

K  PACKAGE 
4-LEAD  T0-3  METAL  CAN 


ORDER  PART 




LT1188CT 


LT1188CK 
LT1188MK 


€L€CTRICRL  CHARACTERISTICS  (Notei) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Switch  Voltage  Loss  (Vcc-V0ut,  Switch  On) 

IOut=1.0A,5V<Vcc<30V 
lOUT  =  1.5A,5V<Vcc<30V 

1.0  1.2 
1.2  1.4 

V 
V 

Output  Leakage  Current 

Vcc  =  30V,VOUT  =  0V,V|N  =  0V 

5 

150 

„A 

High  Level  Input  Voltage 

5V<VCC<30V, 
lOUT  =  1.5A,(Note2) 

2.0 

V 

Low  Level  Input  Voltage 

5V<VCC<30V, 
IOUt  =  0.0A,  (Note  3) 

0.8 

V 

High  Level  Input  Current 

5V  <VCC<  30V,  V|N  =  2.0V 

5 

20 

60 

(*A 

Low  Level  Input  Current 

5V<VCC<30V,V|N  =  0.4V 

0 

1 

«A 

Status  Pin  Saturation  Voltage 

5V<Vcc<30V,lSTATUS  =  1mA 

0.2 

0.4 

V 

Status  Leakage  Current 

Vcc  =  30V,  VSTAT  =  5.5V 

1 

«A 

Standby  Current 

V|N  =  0.4V,RL=oo,Vcc  =  30V 
Status  =  High 
Status  =  Low 

500 
550 

650 
750 

(* 

pA 

Ground  Pin  Current 

VCc  =  30V,lOUT  =  1.5A 

9  15 

mA 

Clamp  Voltage 

lCLAMP  =  1.0A,(Note4) 
lCLAMP  =  1.5A,(Note4) 

8  10 

9  12 

V 
V 

Turn-On  Delay 

(Note  5) 

30 

Turn-Off  Delay 

(Note  6) 

30 

Output  Slew  Rate 

VCC  =  17V,RL  =  16S! 
Output  Rising 
Output  Falling 

0.5 
0.5 

1.2 
2.0 

5.0 
5.0 

V/^s 
V/Ms 

Short  Circuit  Current 

Vcc-Vout=7V 

2.0 

3.5 

4.7 

A 
A 

Vcc-Vout  =  1?V 
VCC-Vout=30V 

1.5 
0.5 

2.5 
1.5 

4.0 
3.0 

A 
A 
A 
A 

LT1188 


€l€CTMCm  CHnnflCT€RISTICS  (Note  D 


PARAMETER 

CONDITIONS 

NUN 

TYP 

MAX 

UNITS 

Short  Circuit  Sense  Time  (tSc) 

VCc  =  30V 

• 

20 

50 

110 

e> 

Status  Reset  Time  (tR) 

VCC  =  30V 

600 

• 

350 

950 

0 

Open  Circuit  Current  Trip  Level 

• 

18 

40 

75 

mA 

Overtemp  Detection  Point 

150 

°C 

Thermal  Resistance 

Junction  to  Case  (Note  7) 

4.0 

°c/w 

Notel:  The  •  denotes  specifications  which  apply  overthe  full  operating 
temperature  range. 

Note  2:  2.0V  is  the  minimum  input  voltage  guaranteed  to  turn  the  device 
on.  For  input  voltages  greater  than  2.0V  the  output  voltage  is  guaranteed  to 
be  turned  on. 

Note  3:  0.8V  is  the  maximum  input  voltage  guaranteed  to  turn  the  device 
off.  For  input  voltages  less  than  0.8V  the  device  is  guaranteed  to  be  turned 
off. 

Note  4:  The  negative  voltage  clamp  is  designed  for  intermittent  operation 
such  as  clamping  the  reverse  voltage  spike  caused  by  an  inductive  load. 
Clamp  duration  should  be  less  than  100ms. 


Note  5:  Turn  on  delay  time  is  defined  to  be  the  time  from  the  rising  edge  of 
the  input  signal  to  the  time  that  the  output  voltage  is  equal  to  2V. 
Note  6:  Turn  off  delay  time  is  defined  to  be  the  time  from  the  falling  edge  of 
the  input  signal  to  the  time  that  the  output  drops  by  2V. 
Note  7:  Thermal  resistance  is  from  the  junction  of  the  switch  transistor  to 
the  back  of  the  case  directly  below  the  switch  transistor.  The  device  will  be 
centered  in  the  package  and  proper  mounting  techniques  are  required  in  or- 
der to  have  good  thermal  conduction  away  from  this  area  of  the  package. 


typical  PCRFonmnncc  CHflRncrcmsTics 


Switch  Voltage  Loss 


Short  Circuit  Current 


Tj= 

-55°C 

=25°C 

25°C"~ 

0     0.2    0.4    0.6    0.8    1.0  U 
OUTPUT  CURRENT  (A) 


5  10  15  20  25 
SWITCH  VOLTAGE  (Vcc-V0ut).  (V) 


40 

35 

30 

1 

25 

b£ 

K 
CC 

20 

O 

15 

ID 

10 

5 

0 

Input  Current 


10  15  20 
INPUT  VOLTAGE  (V) 
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TVPICRl  l>€RFORfftftfl€€  CHARACTERISTICS 


Clamp  Voltage 


Slew  Rate 


Open  Circuit  Detection  Current 


0 

-1 

-2 
S  -3 

LU 

CD 

§  -5 

1-6 
o 

-7 
-8 
-9 
-10 


-55 

•c — 

25°C 

Tj=25"C| 

0.2    0.4    0.6    0.8    1.0    1.2    1.4  1.1 
CLAMP  CURRENT  (A) 


■^FAL 

LING  E 

5GE 

RISI 

M3EDG 

1 

-25     0      25      50      75     100  125 
TEMPERATURE  (°C) 


0  25  50  75  100  125 
TEMPERATURE  (X) 


Input  Threshold  Voltage 


0  25  50  75  100  125 
TEMPERATURE (°C) 


Supply  Current  (Switch  Oft) 


600 

m 


I 

s 

I 

TAT  US  LOW 

= 

s 

FATUS  Hit 

H 

 !STA 

US  PIN=C 



10         15         20  25 
SUPPLY  VOLTAGE  (V) 


Ground  Pin  Current  (Switch  On) 


T 

=  -55°( 

% 

K 

125-C 

— !load= 

=  1.0A  — 

10         15         20  25 
SUPPLY  VOLTAGE  (V) 


Short  Circuit  Sense  Time 


Status  Reset  Time 


LT1188 


pin  Funaions 

Output:  As  can  be  seen  from  the  block  diagram  the  output 
of  the  device  is  the  emitter  of  an  NPN  power  transistor 
which  can  source  current  from  the  supply.  The  slew  rate  of 
the  output,  both  rising  and  falling,  is  controlled  to  mini- 
mize the  generation  of  RFI.  In  the  negative  direction  the 
output  pin  is  clamped  to  ground  with  a  combination  diode/ 
zener  clamp.  This  clamp  is  designed  to  clamp  the  flyback 
voltage  spike  of  an  inductive  load  such  as  a  solenoid.  This 
clamp  is  designed  for  intermittent  operation.  The  duration 
of  the  flyback  spike  should  be  less  than  100ms.  This  al- 
lows a  wide  range  of  inductive  loads.  In  the  positive  direc- 
tion the  output  pin  is  clamped  to  the  supply  with  a  diode. 

Ground:  The  ground  pin  of  the  device  must  be  connected 
for  the  device  to  turn  on.  For  an  open  ground  pin  the  de- 
vice will  be  in  an  off  state. 

Input:  The  input  pin  of  the  device  must  be  driven  above  the 
input  voltage  threshold  for  the  device  to  turn  on.  The  input 
voltage  threshold  is  designed  to  be  compatible  with  stand- 
ard TTL  levels,  while  the  input  impedance  is  high.  Input 
current  above  the  threshold  is  typically  20/iA.  For  an  open 
input  pin  the  device  will  remain  in  an  off  state.  The  input 


logic  requires  a  minimum  input  voltage  slew  rate  of  3V/ms. 
This  is  several  orders  of  magnitude  slower  than  any  logic 
family  currently  in  use  and  should  not  normally  cause  any 
problems. 

Status:  The  status  output  is  the  collector  of  a  grounded 
emitter  NPN  transistor  whose  base  is  internally  driven  by 
the  status  logic.  A  logic  low  indicates  a  fault  condition 
(see  Truth  Table).  This  output  requires  an  external  pull-up 
resistor  that  should  be  chosen  so  that  the  current  into  the 
status  pin,  when  the  status  pin  is  pulled  low,  is  <1mA.  The 
breakdown  voltage  of  this  NPN  collector  is  equal  to  that  of 
the  output  switch. 


Diagnostic  Truth  Table 


Input 

Output 

Status 

Normal  Operation 

L 

L 

H 

H 

H 

H 

Open  Load 

L 

X 

H 

H 

H 

L 

Shorted  Load 

L 

L 

L 

H 

L 

L 

Thermal  Overload 

L 

L 

H 

H 

L 

L 

status  FuncTions 

Open  Circuit  Fault:  The  status  output  will  be  pulled  low  if 
the  output  current  drops  below  the  open  circuit  current 
threshold  (typically  40mA).  The  open  circuit  detector  is 
only  active  during  the  time  that  the  switch  is  on  (input 
high),  and  will  only  affect  the  status  output  during  that 
time.  For  open  circuit  faults  the  status  output  will  not 
latch  low.  The  status  line  will  be  low  only  as  long  as  the 
fault  condition  exists. 

Short  Circuit  Fault:  For  short  circuit  faults  lasting  longer 
than  the  short  circuit  sense  time  (=60/ts),  two  things  will 
occur;  the  output  switch  will  be  latched  off  and  the  status 
output  will  be  latched  low.  The  output  will  remain  off  until 
the  input  is  recycled.  The  status  output  will  remain  low  un- 
til both  the  short  is  removed  and  the  input  is  recycled,  and 
will  be  reset  high  after  the  status  reset  time  (=500^s)  has 
elapsed.  For  continuous  shorts  the  output  will  turn  on,  for 
the  short  circuit  sense  time,  each  time  the  input  is  cycled 


and  the  status  output  will  remain  latched  low.  The  current 
at  which  the  short  circuit  detector  activates  is  a  function 
of  the  supply  voltage  as  can  be  seen  by  looking  at  the 
short  circuit  current  curve  in  the  typical  performance 
characteristics. 

Thermal  Fault:  Thermal  faults  can  occur  for  two  reasons, 
heating  from  external  sources  or  heating  due  to  power  dis- 
sipation in  the  switch  itself.  The  device  will  act  similarly 
for  both  cases.  Thermal  faults  will  only  affect  the  status 
output  during  the  time  that  the  switch  is  on  (input  high). 
Thermal  faults  will  cause  the  status  output  to  latch  low  for 
the  duration  of  an  input  cycle.  The  status  output  will  be  re- 
set on  the  falling  edge  of  the  input  waveform.  There  are 
two  levels  of  thermal  overload.  At  =150°C  junction  tem- 
perature the  thermal  sensing  circuitry  will  latch  the  status 
output  low,  and  the  output  will  remain  on  (as  long  as  the 
input  is  high).  At  *  165°C  the  thermal  sensing  circuitry  will 
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status  Functions 

turn  the  output  oft.  If  the  junction  temperature  drops  back 
below  =  165°C  the  output  will  turn  back  on.  This  means 
that  if  the  thermal  fault  is  caused  by  an  external  source 
the  output  will  stay  off  as  long  as  the  temperature  is  held 
above  =165°C.  If  the  thermal  fault  is  caused  by  internal 
power  dissipation,  the  device  will  cycle  on  and  off  to  main- 
tain the  junction  temperature  near  165°C.  The  status  out- 
put gives  a  fault  indication  at  a  temperature  below  the 
actual  shutdown  temperature  to  allow  the  user  time  to 
sense  and  possibly  correct  the  fault  condition  before  the 
switch  takes  action  to  protect  itself. 

Load  Dump:  For  transient  supply  voltages  greater  than 
35V  or  for  transient  switch  voltages  greater  than  35V,  a 
separate  clamp  network  will  turn  the  output  off.  This  is 
necessary  to  keep  the  switch  within  its  safe  operating 
area  and  also  to  prevent  the  device  from  passing  the  high 


voltage  transient  on  to  the  load.  To  guarantee  survival  of 
the  switch  for  load  dump  type  transients  the  risetime  of 
the  supply  voltage,  at  the  supply  pin  of  the  device,  should 
be  limited  to  <1V//js.  This  is  to  allow  the  device  time  to 
turn  off  between  when  the  supply  voltage  reaches  35V  and 
when  the  supply  voltage  reaches  50V  so  that  the  device  is 
turned  off  well  below  its  BVCEO  voltage.  If  the  device  is 
bypassed  closely,  the  series  inductance  and  resistance  of 
the  supply  leads  along  with  the  supply  bypass  capacitor 
will  form  an  RLC  filter  and  will  limit  the  risetime.  The  slew 
rate  limiting  circuitry  will  be  disabled  during  this  transient 
turn  off  time.  The  output  will  remain  off  until  the  supply 
voltage  drops  back  below  35V.  During  the  time  that  the 
output  is  turned  off  by  this  clamp  network  the  open  circuit 
detector  will  still  be  active  and  will  set  the  status  pin  low 
until  the  output  comes  back  on  and  the  output  current  is 
greater  than  the  open  circuit  current. 


typical  nppucnTions 


•  THE  LT1 1 88  IS  NOT  RECOMMENDED  FOR  DRIVING  LIGHT  BULBS  DUE  TO  THEIR  INHERENTLY  HIGH  INRUSH  CURRENTS. 
HIGH  INRUSH  CURRENTS  WILL  ACTIVATE  THE  SHORT  CIRCUIT  PROTECTION  CIRCUITRY  OF  THE  DEVICE. 
CAUSING  IT  TO  SHUT  OFF  AFTER  *  50|jS  (SHORT  CURCUIT  SENSE  TIME). 


ums, 
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TlffllAG  DIRGftnm 


-NORMAL  OPERATION  - 


Open  Circuit  Timing 


OUTPUT  VOLTAGE 


0  

VCLAMP" 


OUTPUT  CURRENT 
(INDUCTIVE  LOAD)  0. 


OPEN  CIRCUIT  FAULT 


Short  Circuit  Timing 

OUTPUT  VOLTAGE 


OUTPUT  CURRENT 
(INDUCTIVE  LOAD)  0_ 


SHORT  CIRCUIT  FAULT 


Overtemp.  Timing 


OUTPUT  VOLTAGE 


OUTPUT  CURRENT 
(INDUCTIVE  LOAD)  . 


OVERTEMP  FAULT 


r 


vr 


-FAULT  CONDITIONS  - 


•WHEN  DRIVING  INDUCTIVE  LOADS  THE  OUTPUT  CURRENT  AT  TURN-ON  WILL  BE  LESS 
THAN  THE  OPEN  CIRCUIT  CURRENT  THRESHOLD  FOR  A  TIME  DETERMINED  BY  THE 
VALUE  OF  THE  INDUCTOR  AND  THE  OUTPUT  VOLTAGE. 


V 


•  165-C- 
=150°C  


-tsc 


n  


-165-C 
=160'C 


1DD  L-  1— 


EXTERNAL  HEAT 
SOURCE 


INTERNAL 
HEATING 
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SECTION  4— POWER  PRODUCTS 
LINEAR  REGULATORS 

L T1087,  Adjustable  Low  Dropout  Regulator  with  Kelvin-Sense  Inputs  4-56 

LT1117,  800mA  Low  Dropout  Positive  Regulators;  Adjustable  and  Fixed  2.85V,  5V  4-63 

LT1121-5,  Micropower  Low  Dropout  Regulator  13-46 

LT1123,  5V  Low  Dropout  Regulator  Driver  4-75 

LT1123-2.85,  Low  Dropout  Regulator  Driver  for  SCSI-2  Active  Termination  13-48 

LT1185,  Low  Dropout  Regulator  with  Adjustable  Current  Limit  4-86 
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TECHNOLOGY  Adjustable  Low  Dropout 

Regulator  with  Kelvin-Sense  Inputs 


F€ATUfl€S 

■  Separate  Sense  Inputs  Allow  True  Kelvin  Sensing 

■  Easily  Paralletable 

■  Operates  Down  to  1V  Dropout 

■  Guaranteed  Dropout  Voltage  at  Multiple  Current  Levels 

■  0.05%  Line  Regulation 

■  0.1  %  Load  Regulation  at  the  Sense  Point 

RPPUCATIOnS 

■  High  Efficiency  Linear  Regulators 

■  Post  Regulators  for  Switching  Supplies 

■  High  Current  Regulators 

■  Remotely  Sensed  Regulators 


DCSCMPTIOn 

The  LT1087  is  a  variation  of  the  LT1084  Adjustable  Low 
Dropout  3  Terminal  Regulator.  The  sense  points  of  the  in- 
ternal reference/error  amp  are  brought  out  to  allow  added 
flexibility. 

They  can  be  used  for  true  Kelvin  sensing  of  the  output  volt- 
age at  a  remotely  located  load.  They  can  be  used  to  force 
the  devices  to  share  current  equally  when  more  than  one 
device  is  wired  in  parallel,  allowing  the  user  to  easily  build 
higher  current  modules.  This  device  is  designed  to  provide 
5A  of  output  current.  All  internal  circuitry  is  designed  to 
operate  down  to  1V  input  to  output  differential  and  the 
dropout  voltage  is  fully  specified  as  a  function  of  load  cur- 
rent. On-chip  trimming  adjusts  the  reference  voltage  to 
1%.  Current  limit  is  also  trimmed,  minimizing  the  stress 
on  both  the  regulator  and  power  source  circuitry  under 
overload  conditions.  A  %F  output  capacitor  is  required 
on  these  devices;  however,  this  is  usually  included  in  most 
regulator  designs. 


SimPUFI€DSCH€fflflTIC 


Qvi» 


+SEKSE 
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absoiut€  maximum  rrtirgs  prckrgc/ordcr  inFonmnnon 


Power  Dissipation  Internally  Limited 

Input  to  Output  Voltage  Differential 

"M"  Grade  35V 

"C"  Grade  30V 

Differential  Voltage  Between  Sense  Pins 

(]  V+SENSE- V_SENSE|)  4V 

Sense  Pin  Voltage 

Range  (V0ut*  - 1 V)  <  V  ±  sense  s  (V0ut* + 0.4V) 

Operating  Junction  Temperature  Range 

"M"  Grade 

Control  Section  -55°Cto150°C 

Power  Transistor  -55°Cto200°C 

"C"  Grade 

Control  Section  0°Cto125°C 

Power  Transistor  0°Cto150°C 

Storage  Temperature  -65°Cto150°C 

Lead  Temperature  (Soldering,  10  sec)  300°C 

*V0ut  is  referring  to  the  regulator  output  pin  voltage. 

PReconDiTiomnG 

100%  Thermal  Limit  Burn-In 


K PACKAGE 
4-LEADTO-3  METAL  CAN 


5-LEAO  TO-220 


ORDER  PART 
NUMBER 


LT1087MK 
LT1087CK 


LT1087CT 


€l€CTRICRl  CHRRRCT6RISTICS  (SeeNoteD 


PARAMETER 

CONDITIONS 

111  IN          TYP  MAX 

UNITS 

Reference  Voltage 

lOUT=10mA,Tj  =  25°C, 
(V|N-Vout)  =  3V 
lOmAsloux^SA 
1.5V<(VlN-VolJT)<25V 

• 

1.238         1.250  1.262 
1.225         1.250  1.270 

V 
V 

Line  Regulation 

I  load  =  10mA,  1 .5V  <(V,N  -  V0UT)  <  15V,  Tj  =  25°C 

M  Grade 

15V<(VIN-VOUT)<35V 
C  Grade 

15V<(VIN-VO|jT)s30V 

(Notes  1,2) 

• 
• 
• 

0.015  0.2 
0.035  0.2 

0.05  0.5 

0.05  0.5 

% 
% 

% 

% 

Load  Regulation 

(VIN-V0UT)  =  3V 
10mA<loljT<5A 
T,  =  25°C  (Notes  1,2) 

• 

0.1  0.3 
0.2  0.4 

% 
% 

Dropout  Voltage 

AVREF  =  1  %,  l0UT  =  5A,  (Note  4) 

e 

1.3  1.5 

V 

Common  Mode  Range  of  Sense 
Pins  AVref 

(V0ut-1V)<V+sense<V0Ut 

0.4 

mV 

Differential  Gain  of  Sense  Pins 
AVREF/AVSENSE 

V  + SENSE  =  VOUT 
V-SENSE  =  (VOUT-40mV) 

11 

V/V 

Sense  Pin  Bias  Current 

0.3 

l*A 

Minimum  Load  Current 

(V|N-VOUT)  =  25V 

• 

5  10 

mA 

Thermal  Regulation 

TA  =  25°C,  30ms  pulse 

0.003  0.015 

%/W 

xryi 
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€l€CTRICAl  CHRRACT€RISTICS  (SeeNotei) 


PARAMETER 

CONDITIONS 

MIN          TYP  MAX 

UNITS 

Ripple  Rejection 

f  =  120Hz 

CADJ  =  25(iF,  C0UT  =  25,iF  Tantalum 
I0ut  =  5A,(Vin-V0UT)  =  3V 

• 

60  75 

dB 

Adjust  Pin  Current 

Tj  =  25°C 

• 

55 

120 

/-A 

Adjust  Pin  Current  Change 

10mA<lOUT<5A 
1.5V<(VIN-V01JT)<25V 

• 

0.2  5 

Temperature  Stability 

• 

0.5 

% 

Long  Term  Stability 

TA  =  125°C,1000Hrs. 

0.3  1 

% 

RMS  Output  Noise  (%  of  V0UT) 

TA  =  25°C 
10Hz=<f<10kHz 

0.003 

% 

Thermal  Resistance 
Junction  to  Case 

K  Package:  Control  Circuitry/Power  Transistor 
T  Package:  Control  Circuitry/Power  Transistor 

0.75/2.3 
0.65/2.7 

°c/w 
°c/w 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  See  thermal  regulation  specifications  for  changes  in  output 
voltage  due  to  heating  effects.  Load  and  line  regulation  are  measured  at  a 
constant  junction  temperature  by  low  duty  cycle  pulse  testing.  Unless 
otherwise  specified,  +  Sense,  -  Sense  and  V0UT  are  tied  together  at  the 
package. 

Note  2:  Line  and  load  regulation  are  guaranteed  up  to  the  maximum  power 
dissipation  (45W  for  the  LT1087K,  30W  for  the  LT1087T).  Power  dissipation 
is  determined  by  the  input/output  differential  and  the  output  current.  Guar- 
anteed maximum  power  dissipation  will  not  be  available  over  the  full  input/ 
output  voltage  range. 


Note  3:  Load  regulation  is  defined  to  be  the  change  in  output  voltage  at  the 
sense  point.  The  sense  point  is  defined  to  be  the  point  at  which  the  sense 
pins,  output,  and  the  top  of  the  resistive  divider  that  sets  the  output  voltage 
are  tied  together.  The  voltage  drop  from  the  output  pin  of  the  device  to  the 
sense  point  must  be  <1V. 

Note  4:  Dropout  voltage  is  specified  over  the  full  output  current  range  of 
the  device.  Test  points  and  limits  are  shown  on  the  Dropout  Voltage  curve. 
Dropout  voltage  is  defined  to  be  the  voltage  from  input  to  output  and  is 
tested  with  the  sense  pins  tied  to  the  output  pin. 
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typical  KRFonmnncc  chrrrctcristics 

LT1 087  Ripple  Rejection  LT1 087  Ripple  Rejection  vs  Current 


100  1k  10k 

FREQUENCY (Hz) 


Minimum  Operating  Current 


I 

fB- 120Hz 
VfflPPLES3Vp-p 

lB  =  20kHz 

VRIPP 

P 

~VoUT= 
_CqUT= 

5V   

25,iF 

2  3 
OUTPUT  CURRENT  (A) 


Temperature  Stability 


Tj=150 

°C 

H|=-S5°C 

LT1087  Maximum  Power  Dissipation* 


108? 

MK 

1X1 

087 

rs 

50  60   70   80   90  100  110  120  130  140  150 

CASE  TEMPERATURE  (°C) 
•AS  LIMITED  BY  MAXIMUM  JUNCTION  TEMPERATURE 


Adjust  Pin  Current 


100 

90 

80 

70 

s 

60 

50 

■ 

40 

30 

20 

10 

0 

5  10  15  20  25  30 
INPUT/OUTPUT  DIFFERENTIAL  (V) 


0     25     50     75  100 
TEMPERATURE ("C) 


0      25     50     75  100 
TEMPERATURE  (°C) 


RPPLICRTIOfl  HlflTS 

The  LT1087  is  an  adjustable  voltage  regulator  with  Kelvin 
sense  inputs.  These  inputs  can  be  used  to  fully  Kelvin 
sense  a  remote  load  so  that  the  regulation  at  the  load  is 
nearly  perfect.  The  sense  inputs  can  also  be  used  in  a  2- 
wire  configuration  to  compensate  for  voltage  drops  in 
long  output  leads  eliminating  the  two  extra  wires  needed 
for  full  Kelvin  sensing. 


This  regulator  is  easy  to  use  and  has  all  the  protection  fea- 


protection  as  well  as  thermal  shutdown  to  turn-off  the 
regulator  should  the  temperature  exceed  about  165°C. 
Sense  Inputs 

In  a  three  terminal  regulator  the  sense  inputs  are  termi- 
nated at  the  output  pin  of  the  device  (normally  the  case  for 
adjustable  regulators).  This  means  that  regulation  will  be 
best  at  the  case  of  the  device.  Any  wire  resistance  be- 
tween the  regulator  and  the  actual  load  will  degrade  the 
regulation,  especially  at  high  currents.  This  five  pin  con- 
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The  sense  pins  can  be  used  in  two  basic  configurations. 
They  can  be  used  to  make  a  remote  Kelvin  sensed  output, 
or  they  can  be  used  as  a  differential  amplifier  to  simply 
compensate  for  a  long  wire  run. 

For  full  Kelvin  sensing  of  the  output,  the  sense  pins  are 
tied  together,  then  connected  through  a  1k  resistor  to  the 
top  of  the  R1/R2  divider  that  sets  the  output  voltage.  The 
1  k  resistor  is  necessary  to  prevent  high  currents  from  flow- 
ing into  the  sense  pins  under  fault  conditions  and  will 
cause  no  significant  error  in  the  output  voltage.  The  top 
and  bottom  of  the  R1/R2  divider  are  then  tied  to  the  points 
in  the  circuit  where  optimum  regulation  is  desired.  These 
connections  must  be  made  separate  from  the  wires  that 
carry  the  main  load  current.  See  the  Remote  Kelvin  Sensed 
Output  Circuit  in  the  Typical  Applications  Section.  At  light 
load  currents  the  voltage  drop  down  the  output  lead  will  be 
small  and  the  sense  pins  will  be  at  approximately  the 
same  voltage  as  the  output  pin.  For  heavy  load  currents 
the  output  pin  will  be  driven  positive  with  respect  to  the 
sense  pins  by  the  value  of  the  voltage  drop  across  the  out- 
put leads  and  the  voltage  at  the  sense  points  will  be  regu- 
lated. The  output  is  allowed  to  go  1 V  above  the  sense  pins 
in  this  configuration.  For  output  pin  voltages  greater  than 
1V  above  the  sense  pins  some  degradation  in  regulation 
will  occur.  Since  the  output  is  allowed  to  go  positive  with 
respect  to  the  sense  pins  by  1V  and  assuming  that  both 
the  power  lead  to  the  load  and  the  ground  return  are  ap- 
proximately equal,  this  configuration  allows  the  user  to 
have  almost  perfect  regulation  at  the  sense  point  with  2V 
of  drop  in  the  wire  leads  between  the  regulator  and  the 
load.  Note  that  the  input  voltage  to  the  regulator  must  pro- 
vide enough  headroom  to  the  regulator  to  allow  this  to 
happen.  The  input  voltage  must  be  greater  than  the  total 
of  the  regulated  output  voltage  plus  the  wire  drops  plus 
the  dropout  voltage  of  the  regulator  (*1.5V  for  LT1087  at 
5A). 

If  the  user  does  not  want  to  run  the  extra  two  wires  re- 
quired for  full  Kelvin  sensing,  a  second  method  can  be 
used  to  compensate  for  wire  drops.  The  sense  inputs  can 


with  a  gain  of  1 1  when  the  +  Sense  pin  is  positive  with  re- 
spect to  the  -Sense  pin.  Pulling  the  -  Sense  pin  negative 
with  respect  to  the  +  Sense  pin  (with  the  +  Sense  pin  tied 
to  the  output)  by  10mV  will  cause  the  reference  voltage, 
nominally  1 .25V,  to  increase  by  1 10mV  to  1.36V.  The  output 
of  the  regulator  would  then  increase  by  the  factor 


See  the  Remote  Load  Regulation  Compensation  Circuit  in 
the  Typical  Applications.  In  this  manner  sensing  across  a 
small  part  of  the  output  leads  can  compensate  for  the  en- 
tire length.  The  maximum  differential  input  voltage  over 
which  the  differential  gain  holds  true  is  60mV  at  25°C,  and 
this  voltage  is  proportional  to  absolute  temperature.  For 
most  circuits  the  differential  input  voltage  should  be  less 
than  40mV.  Exceeding  this  small  differential  voltage  will 
not  damage  the  device  until  the  differential  exceeds  5V. 
Regulation,  however,  will  be  degraded.  Assuming  a  maxi- 
mum differential  input  voltage  of  40mV  and  an  output  volt- 
age of  5V,  and  using  the  formula  from  the  Remote  Load 
Regulation  Compensation  Circuit,  this  configuration  can 
compensate  out  1.76V  of  wire  drop.  For  higher  output  volt- 
ages larger  wire  drops  can  be  compensated  out.  As  in  the 
previous  circuit  the  input  voltage  to  the  regulator  must 
provide  enough  headroom  for  this  to  happen. 

Output  Voltage 

The  LT1087  develops  and  tries  to  maintain  a  1.25V  refer- 
ence voltage  between  its  sense  pins  and  its  adjust  pin  (see 
Figure  1).  By  placing  a  resistor  between  the  device's  sense 
point  (the  end  of  R3)  and  its  adjust  pin,  a  constant  current 
is  caused  to  flow  through  R1  and  down  through  R2  to  set 
the  overall  output  voltage.  Normally  R1  is  chosen  so  that 
the  current  flowing  through  it  is  equal  to  the  specified 
minimum  load  current  of  10mA.  Because  Udj  is  very  small 
and  constant  when  compared  with  the  current  through  R1, 
it  represents  a  small  error  and  can  usually  be  ignored. 
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-SENSE 

VlN  — 

,NPUT  LT108? 

+ SENSE 

ADJUST 

OUTPUT 

VOUT 


Vout=vBEf(i  +  -^)+Iadj««2 

Figure  1.  Standard  Connection 


Remote  Kelvin  Sensed  Output  (4-Wire) 


LT1087 


ADJUST 


OUTP,, 


Ik 
■VW 


+ SENSE 


.  10(iF 
•  TANT. 


-SENSE 


-POWER 


REMOTE 
LOAD 


V0UT  =  V„EF  + 
I  WHERE  VREF  =  1.25V 
CuRGE>100/iF 
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Remote  Load  Regulation  Compensation  (2-Wire) 


V0UT  =  VREF(,  +  f) 
I  WHERE  VREF=1. 25V 
C  LARGE  >  1°IVF 


A-+B-=X-|,1  (l  +  f)) 


EXAMPLE:  IF  THE  LOAD  MUST  BE  LOCATED 

10  FT.  (120")  FROM  THE  REGULATOR 
AND  Vqut  IS  5V 

THEN(A"+B-)=240-     R1  =1200,  R2=360tl 

X"=  |A"+B")  -»X"=5.2" 

["(<  +  §)] 

BV  CONNECTING  THE  -SENSE  PIN  5.2  •  FURTHER  DOWN 
THE  OUTPUT  WIRE  THAN  THE  +  SENSE  PIN  THE  LOAD 
REGULATION  CAUSED  BY  20'  OF  WIRE  CAN  BE 
COMPENSATED  OUT. 

Paralleling  Devices  for  Higher  Current 

MASTER 


FOR  PARALLELING  MORE  THAN  TWO  DEVICES  -  DUPLICATE  SLAVE  SECTION. 

MINIMUM  LOAD  CURRENT=(10mA)  ( »  OF  DEVICES  IN  PARALLEL) 
R1 ,  R2  NETWORK  CAN  BE  USED  AS  THE  MINIMUM  LOAD 

RM=8mS!«10"OF  #20A.W.G.  SOLID  WIRE  (COPPER) 
Rs=7  3mO«9.1  "OF  »20  A.W.G.  SOLID  WIRE  (COPPER) 

RM  AND  Rs  SHOULD  BE  NON-INDUCTIVE.  THIS  IS  EASILY  ACCOMPLISHED  BY  FOLDING  THE 
WIRE  BACK  UPON  ITSELF  SO  THAT  THE  FIELDS  GENERATED.  BY  CURRENT  FLOWING  IN  THE 
WIRE.  CANCEL. 
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800mA  Low  Dropout 
Positive  Regulators 
Adjustable  and  Fixed  2.85V,  5V 

DCSCRIPTIOn 


Space  Saving  SOT-223  Surface  Mount  Package 

Three  Terminal  Adjustable  or  Fixed  2.85V,  5V 

Output  Current  of  800mA 

Operates  Down  to  1V  Dropout 

Guaranteed  Dropout  Voltage  at  Multiple  Current  Levels 

0.2%  Line  Regulation  Max 

0.4%  Load  Regulation  Max 


Active  SCSI  Terminators 

High  Efficiency  Linear  Regulators 

Post  Regulators  for  Switching  Supplies 

Battery  Chargers 

5V  -  3.3V  Linear  Regulators 


The  LT1 1 1 7  is  a  positive  low  dropout  regulator  designed 
to  provide  up  to  800mA  of  output  current.  The  device  is 
available  in  an  adjustable  version  and  fixed  output  voltages 
of  2.85V and  5V.  The2.85V  version  is  designed  specifically 
to  be  used  in  Active  Terminators  for  the  SCSI  bus.  All 
internal  circuitry  is  designed  to  operate  down  to  1V  input 
to  output  differential.  Dropout  voltage  is  guaranteed  at  a 
maximum  of  1.2V  at  800mA,  decreasing  at  lower  load 
currents.  On  chip  trimming  adjusts  the  reference/output 
voltage  to  within  ±  1%.  Current  limit  is  also  trimmed  in 
order  to  minimize  the  stress  on  both  the  regulator  and  the 
power  source  circuitry  under  overload  conditions. 

The  low  profile  surface  mount  SOT-223  package  allows 
the  device  to  be  used  in  applications  where  space  is 
limited.  The  LT1 1 17  requires  a  minimum  of  1 0p.F  of  output 
capacitance  for  stability.  Output  capacitors  of  this  size  or 
larger  are  normally  included  in  most  regulator  designs. 

Unlike  PNP  type  regulators  where  up  to  1 0%  of  the  output 
current  is  wasted  as  quiescent  current,  the  quiescent 
current  of  the  LT1117  flows  into  the  load,  increasing 
efficiency. 


TVPICAl  flPPUCOTIOn 

Active  Terminator  for  SCSI-2 1 


Dropout  Voltage  (V|N  -  V0ut) 


a  1 
1  o 

o 
> 

5  0. 
o 
o, 
o 

S  0. 


0.2 


25  C 

L  = 

125 

• 

NDIC 

«ES 

3UAR 

WTE 

DTE 

TPO 

NT 

0     100   200  300  400  500   600  700 
OUTPUT  CURRENT  (mA) 
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rbsolutc  mnximum  nnnnGs     packrgc/ordcr  mFORmmion 


Input  Voltage 
Operating  Voltage 

LT1117,  LT1117-5  15V 

LT1 11 7-2.85  10V 

Surge  Voltage 

LT1117,  LT1117-5  20V 

Operating  JunctionTemperature  Range  0°C  to  125°C 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (See  Soldering  Methods) 


FRONT  VIEW 

ORDER  PART 
NUMBER 

TABISV0UT 

3 
2 
1 

1  IN 

1  OUT 
1  ADJ/GND 

LT1117CST 

LT1117CST-2.85 

LT1117CST-5 

PART  MARKING 

ST  PACKAGE 
3-LEAD  PLASTIC  S0T-223 

LT1117-POID1 

1117 

11172 

11175 

€l€CTRICm  CHARACT€RISTICS 


PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Reference  Voltage  LT1117 

lour  =  10mA,  (V|N-Vout)  =  2V,Tj  =  25°C 

1.238     1.250  1.262 

V 

1 0  <  Iout  £  800mA,  1.4V  <  (V,N  -  V0ut)  £  1 0V 

• 

1.225     1.250  1.270 

Output  Voltage 

LT1 11 7-2.85 

l0UT  =  10mA,  V|N  =  4.85V,  Tj  =  25°C 

2.820    2.850  2.880 

V 

0  <  Iout  S  800mA,  4.25V  <  V|N  <  1 0V 

• 

2.790    2.850  2.910 

0  <  Iout  S  500mA,  V!N  =  3.95V 

2.790    2.850  2.910 

LT1117-5 

Iout  =  10mA,  V,N  =  7V,  Tj  =  25°C 

4.950    5.000  5.050 

V 

0  <I0UT£  800mA,  6.50V  <  V|N  <  12V 

4.900    5.000  5.100 

Line  Regulation 

LT1117 

Iout  =  1 0mA,  1.5V<V|N-V0UT<  15V  (Note  1 ) 

0.035  0.2 

% 

LT1 11 7-2.85 

Iqut  =  OmA,  4.25V  <  V,N  <  1 0V  (Note  1 ) 

1  6 

mV 

LT1117-5 

Iout  =  OmA,  6.5V  <  V|N  <  1 5V  (Note  1 ) 

1  10 

Load  Regulation 

LT1117 

(Vin  -  V0ut)  =  3V,  1 0mA  <  l0UT  <  800mA  (Note  1 ) 

0.1  0.4 

% 

LT1 11 7-2.85 

V|N  =  4.25V,  0  <  Iout  s  800mA  (Note  1) 

1  10 

mV 

LT1117-5 

Vim  =  6.5V,  0<  Iout  £  800mA  (Note  1) 

1  15 

Dropout  Voltage 

Iout  =  100mA  (Note  2) 

1.00  1.10 

V 

Iout  =  500mA  (Note  2) 

1.05  1.15 

Iout  =  800mA  (Note  2) 

1.10  1.20 

Current  Limit 

(V|N-V0UT)  =  5V,Tj  =  25°C, 

800      950  1200 

mA 

Minimum  Load  Current  LT1117 

(V|N-Vout)  =  15V  (Note  3) 

1.7  5 

mA 

Quiescent  Current 

LT1 11 7-2.85 

Vim  <  10V 

5  10 

mA 

LT1117-5 

V|N<15V 

5  10 

mA 

Thermal  Regulation 

TA  =  25°C,  30ms  Pulse 

0.01  0.1 

%/W 

Ripple  Rejection 

fR!PPLE=  120Hz,  (V|N-V0UT)  =  3V, 
Vripple  =  1VP-P 

60  75 

dB 

Adjust  Pin  Current 

55  120 

HA 

Adjust  Pin  Current  Change 

10mA  <  l()UT  <  800mA,  1 .4V  <  (V,N  -  V0Ut)  s  1 0V 

0.2  5 

HA 

Temperature  Stability 

0.5 

% 

Long  Term  Stability 

TA  =  125°C,1000Hrs 

0.3 

% 

RMS  Output  Noise 

(%  of  V0UT),  10Hz<f  <  10kHz 

0.003 

% 

Thermal  Resistance 

(Junction  to  Case,  at  Tab) 

15 

°C/W 

4-64  jr\sm 


The  •  denotes  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  See  thermal  regulation  specification  for  changes  in  output  voltage 
due  to  heating  effects.  Load  regulation  and  line  regulation  are  measured  at 
a  constant  junction  temperature  by  low  duty  cycle  pulse  testing. 


Note  2:  Dropout  voltage  is  specified  over  the  full  output  current  range  of 
the  device.  Dropout  voltage  is  defined  as  the  minimum  input/output 
differential  measured  at  the  specified  output  current.  Test  points  and 
limits  are  also  shown  on  the  Dropout  Voltage  curve. 
Note  3:  Minimum  load  current  is  defined  as  the  minimum  output  current 
required  to  maintain  regulation. 


typical  P€RFonmnnc€  chrrrctcristics 

Short  Circuit  Current 


Minimum  Operating  Current 
(Adjustable  Device) 


125°C   

Tj  = 

T)  = 

25°C 

Tj- 

-55°C 

1.25 


r,  =  125°C 

Ij  =  25° 

; 

0.10 

g  0.05 
o 

£-0.05 
< 

o 

>-0.10 
g-0.15 
-0.20 


Load  Regulation 


a 

'load 

=  800n 

lA 

INPUT/OUTPUT  DIFFERENTIAL  (V) 


INPUT/OUTPUT  DIFFERENTIAL  (V) 

LT1117.TPG03 


-50    -25     0      25     50      75     100  125 
TEMPERATURE  (°GJ 


LT1117  Ripple  Rejection  LT1117  Ripple  Rejection  vs  Current  Temperature  Stability 


FREQUENCY  (Hz)  OUTPUT  CURRENT  (A)  TEMPERATURE  ("O 

LT1117«TPC05  LTI117-TP016  LT11W7PC07 
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Adjust  Pin  Current 


LT1117-2.85  Load  Transient 


-50  -25    0     25    50    75    100  125  150 
TEMPERATURE  (°C) 
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LT1117-S  Load  Transient  Response 
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LT1117-2.85  Line  Transient  Response 
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LT1117-5  Line  Transient  Response 
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LT11I7-TPC1! 
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The  LT1 1 1 7  family  of  three  terminal  regulators  are  easy  to 
use.  They  are  protected  against  short  circuit  and  thermal 
overloads.  Thermal  protection  circuitry  will  shutdown  the 
regulator  should  the  junction  temperature  exceed  165°C 
at  the  sense  point.  These  regulators  are  pin  compatible 
with  olderthree  terminal  adjustable  regulators,  offer  lower 
dropout  voltage  and  more  precise  reference  tolerance. 
Reference  stability  over  temperature  is  improved  over 


Stability 

The  LT1117  family  of  regulators  requires  an  output  ca- 
pacitor as  part  of  the  device  frequency  compensation.  A 
minimum  of  10uJ  of  tantalum  or  50u.F  of  aluminum 
electrolytic  is  required.  The  ESR  of  the  output  capacitor 
should  be  less  than  0.5fi.  Surface  mount  tantalum  capaci- 
tors, which  have  very  low  ESR,  are  available  from  several 
manufacturers. 
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When  using  the  LT1117  adjustable  device  the  adjust 
terminal  can  be  bypassed  to  improve  ripple  rejection. 
When  the  adjust  terminal  is  bypassed  the  required  value 
of  the  output  capacitor  increases.  The  device  will  require 
an  output  capacitor  of  22u.F  tantalum  or  1 50u.F  aluminum 
electrolytic  when  the  adjust  pin  is  bypassed. 

Normally,  capacitor  values  on  the  order  of  1 0OjxF  are  used 
in  the  output  of  many  regulators  to  ensure  good  load 
transient  response  with  large  load  current  changes.  Out- 
put capacitance  can  be  increased  without  limit  and  larger 
values  of  output  capacitance  further  improve  stability  and 
transient  response. 

Protection  Diodes 

In  normal  operation,  the  LT1 1 1 7  family  does  not  need  any 
protection  diodes.  Older  adjustable  regulators  required 
protection  diodes  between  the  adjust  pin  and  the  output 
and  between  the  output  and  inputto  prevent  overstressing 
the  die.  The  internal  current  paths  on  the  LT1 1 1 7  adjust  pin 
are  limited  by  internal  resistors.  Therefore,  even  with 
capacitors  on  the  adjust  pin.no  protection  diode  is  needed 
to  ensure  device  safety  under  short  circuit  conditions.  The 
adjust  pin  can  be  driven,  on  a  transient  basis,  ±25V  with 
respect  to  the  output  without  any  device  degradation. 


Diodes  between  input  and  output  are  not  usually  needed. 
The  internal  diode  between  the  output  and  input  pins  of  the 
device  can  withstand  microsecond  surge  currents  of  10A 
to  20A.  Normal  power  supply  cycling  can  not  generate 
currents  of  this  magnitude.  Only  with  extremely  large 
output  capacitors,  such  as  1 OOOufand  larger,  and  with  the 
input  pin  instantaneously  shorted  to  ground  can  damage 
occur.  A  crowbar  circuit  at  the  input  of  the  LT1117  in 
combination  with  a  large  output  capacitor  could  generate 
currents  large  enough  to  cause  damage.  In  this  case  a 
diode  from  output  to  input  is  recommended,  as  shown  in 
Figure  1. 

Output  Voltage 

The  LT1 1 1 7  develops  a  1 .25V  reference  voltage  between 
the  output  and  the  adjust  terminal  (see  Figure  2).  By 
placing  a  resistor  between  these  two  terminals,  a  constant 
current  is  caused  to  flow  through  R1  and  down  through  R2 
to  set  the  overall  output  voltage.  Normally  this  current  is 
chosen  to  be  the  specified  minimum  load  current  of  1 0mA. 
Because  Iadj  is  very  small  and  constant  when  compared 
to  the  current  through  R1 ,  it  represents  a  small  error  and 
can  usually  be  ignored.  For  fixed  voltage  devices  R1  and 
R2  are  included  in  the  device. 


[mi?  

IN  OUT 

t 

Vref 

<R1 

-VoUT 


X  wJ — — t 


R2 


Figure  1. 


Figure  2.  Basic  Adjustable  Regulator 
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RPPUCRTIOn  Hints 


Load  Regulation 

Because  the  LT1117  is  a  three  terminal  device,  it  is  not 
possible  to  provide  true  remote  load  sensing.  Load  regu- 
lation will  be  limited  by  the  resistance  of  the  wire  connect- 
ing the  regulator  to  the  load.  The  data  sheet  specification 
for  load  regulation  is  measured  at  the  output  pin  of  the 
device.  Negative  side  sensing  is  a  true  Kelvin  connection, 
with  the  bottom  of  the  output  divider  returned  to  the 
negative  side  of  the  load.  Although  it  may  not  be  immedi- 
ately obvious,  best  load  regulation  is  obtained  when  the 
top  of  the  resistor  divider  (R1 )  is  returned  directly  to  the 
output  pin  of  the  device,  not  to  the  load.  This  is  illustrated 
in  Figure  3.  Connected  as  shown,  Rp  is  not  multiplied  by 
the  divider  ratio.  If  R1  were  connected  to  the  load,  the 
effective  resistance  between  the  regulator  and  the  load 
would  be: 


Rpx 


R2  +  R1 
R1 


R  p  =  Parasitic  Line  Resistance 


om 


PARASITIC 
LINE  RESISTANCE 
■WW!  


\ 


  i 


R1  TO  CASE 


■±-  CONNECT 
R2  TO  LOAD 


Figure  3.  Connections  for  Best  Load  Regulation 

For  fixed  voltage  devices  the  top  of  R1  is  internally  Kelvin 
connected,  and  the  ground  pin  can  be  used  for  negative 
side  sensing. 

Thermal  Considerations 

LT1117  series  regulators  have  internal  thermal  limiting 
circuitry  designed  to  protect  the  device  during  overload 
conditions.  For  continuous  normal  load  conditions  how- 
ever, the  maximum  junction  temperature  rating  of  125°C 
must  not  be  exceeded.  It  is  important  to  give  careful 
consideration  to  all  sources  of  thermal  resistance  from 
junction  to  ambient.  For  the  SOT-223  package,  which  is 


designed  to  be  surface  mounted,  additional  heat  sources 
mounted  near  the  device  must  also  be  considered.  Heat 
sinking  is  accomplished  using  the  heat  spreading  capabil- 
ity of  the  PC  board  and  its  copper  traces.  The  thermal 
resistance  of  the  LT1117  is  15°C/W  from  the  junction  to 
the  tab.  Thermal  resistances  from  tab  to  ambient  can  be  as 
low  as  30°C/W.  The  total  thermal  resistance  from  junction 
to  ambient  can  be  as  low  as  45°C/W.  This  requires  a 
reasonable  sized  PC  board  with  at  least  one  layer  of  copper 
to  spread  the  heat  across  the  board  and  couple  it  into  the 
surrounding  air.  Experiments  have  shown  that  the  heat 
spreading  copper  layer  does  not  need  to  be  electrically 
connected  to  the  tab  of  the  device.  The  PC  material  can  be 
very  effective  at  transmitting  heat  between  the  pad  area, 
attached  to  the  tab  of  the  device,  and  a  ground  plane  layer 
either  inside  or  on  the  opposite  side  of  the  board.  Although 
the  actual  thermal  resistance  of  the  PC  material  is  high,  the 
Length/  Area  ratio  of  the  thermal  resistor  between  layers 
is  small.  The  data  in  Table  1  was  taken  using  1/16"  FR-4 
board  with  1oz.  copper  foil.  It  can  be  used  as  a  rough 
guideline  in  estimating  thermal  resistance. 

Table.  1 


Copper  Area 

Thermal  Resistance 
(Junction  to  Ambient) 

Topside* 

Backside 

Board  Area 

2500  Sq.  mm 

2500  Sq.  mm 

2500  Sq.  mm 

45°C/W 

1000  Sq.  mm 

2500  Sq.  mm 

2500  Sq.  mm 

45"C/W 

225  Sq.  mm 

2500  Sq.  mm 

2500  Sq.  mm 

53°C/W 

100  Sq.  mm 

2500  Sq.  mm 

2500  Sq.  mm 

59°C/W 

1000  Sq.  mm 

1000  Sq.  mm 

1000  Sq.  mm 

52-C/W 

1000  Sq.  mm 

0 

1000  Sq.  mm 

55°C/W 

*  Tab  of  device  attached  to  topside  copper 

The  thermal  resistance  for  each  application  will  be  affected 
by  thermal  interactions  with  other  components  on  the 
board.  Some  experimentation  will  be  necessary  to  deter- 
mine the  actual  value. 

The  power  dissipation  of  the  LT1 1 1 7  is  equal  to: 

Pd  =  (V|N-V0UT)(l0UT) 

Maximum  junction  temperature  will  be  equal  to: 

Tj  =  Tambient  (Max)  +  Pd  (Thermal  Resistance  (junc- 
tion to  ambient)) 

Maximum  junction  temperature  must  not  exceed  125°C. 
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Ripple 

The  curves  for  Ripple  Rejection  were  generated  using  an 
adjustable  device  with  the  adjust  pin  bypassed.  These 
curves  will  hold  true  for  all  values  of  output  voltage.  For 
proper  bypassing,  and  ripple  rejection  approaching  the 
values  shown,  the  impedance  of  the  adjust  pin  capacitor, 
at  the  ripple  frequency,  should  be  <  R1 .  R1  is  normally  in 
the  range  of  100Q-200Q.  The  size  of  the  required  adjust 
pin  capacitor  is  a  function  of  the  input  ripple  frequency.  At 
1 20Hz,  with  R1  =1 00D,  the  adjust  pin  capacitor  should  be 
>  13u.F.  At  10kHz  only  0.16u.F  is  needed. 


For  fixed  voltage  devices,  and  adjustable  devices  without 
an  adjust  pin  capacitor,  the  output  ripple  will  increase  as 
the  ratio  of  the  output  voltage  to  the  reference  voltage 
(Vout/Vref)-  For  example,  with  the  output  voltage  equal  to 
5V,  the  output  ripple  will  be  increased  by  the  ratio  of  5V7 
1 .25V.  It  will  increase  by  a  factor  of  four.  Ripple  rejection 
will  be  degraded  by  12dB  from  the  value  shown 
on  the  curve. 


TOPICAL  nppucnTions 


1.2V-10V  Adjustable  Regulator 


'  NEEDED  IF  DEVICE  IS  FAR  FROM  FILTER  CAPACITORS 

LTM17.1 


tVOUT  =  1.25v(,tB?) 


5V  Regulator  with 


100mF 


Remote  Sensing 
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Adjusting  Output  Voltage  of  Fixed  Regulators 

LT11W-5' 


V,N>12V- 
10^F 


3T 


10|iF* 


IN  01.il 
GND 


100(iF 


IMPROVES  RIPPLE  REJECTION 

LTH17.TA08 


V|„  >  11.5V - 


10nF 


Regulator  with  Reference 
St 


LT1117-5 


x  i_ 


10V 
100nF 


-5V0UT 
LT1029 


Battery  Charger 


RS(1^) 


Battery  Backed  Up  Regulated  Supply 


10nF 


LT1117-5 
IN  OUT 
GND 


X 


;  SELECT  FOR 
•  CHARGE  RATE 


50£i 


6.5V  —  1°fF 


LT1117-5 
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I  GND  | 


jwp_ 


5.2V  LINE 
"5.0V  BATTERY 
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Improving  Ripple  Rejection 


Automatic  Light  Control 


V|N>  16.5V 


•C1  IMPROVES  RIPPLE 
REJECTION.  Xc  SHOULD  BE 
-  R1  AT  RIPPLE  FREQUENCY 


100nF 


-  LT1U7-1 


High  Efficiency  Dual  Linear  Supply 


*  =  1  %  FILM  RESISTORS 
MDA  =  MOTOROLA 
L1  =  PULSE  ENGINEERING,  INC.  #PE-92106 
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High  Efficiency  Dual  Supply 

\CK  PATH 

MUR410 

■  3-3V  OUTPUT  (TYPICAL) 


SWITCHING 
REGULATOR 


J 


T 


r 


470nF 


MUR41I 

0 


LT1117-5 
■  >«  OUT 
SND 

470nF 

LIT 

-  IN 

17-5 

o 

X 


+5V 
'0.5A 


10(iF  ^  1N4002 

1 


X 

T I  T 


;  470nF 


10)if    ▲  1N4002 


-5V 
0.5A 


LTiltr-tAia 


28V  INPUT 


High  Efficiency  Regulator 


<2k 
OUTPUT 
ADJUST 


I 

T 


OUTPUT 


100|iF 


Low  Dropout  Negative  Supply 


FLOATING  INPUT 
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SOLDCRIHG  m€THODS 

The  SOT-223  is  manufactured  with  gull  wing  leadform  for 
surface  mount  applications.  The  leads  and  heatsink  are 
solder  plated  and  allow  easy  soldering  using  non-active  or 
mildly  active  fluxes.  The  package  is  constructed  with  three 
leads  exiting  one  side  of  the  package  and  one  heatsink 
exiting  the  other  side,  and  the  die  attached  to  the  heatsink 
internally. 

The  recommended  methods  of  soldering  SOT-223  are: 
vapor  phase  reflow  and  infrared  reflow  with  preheat  of 
component  to  within  65°C  of  the  solder  temperature. 
Hand  soldering  and  wave  soldering  are  not  recommended 
since  these  methods  can  easily  damage  the  part  with 
excessive  thermal  gradients  across  the  package. 

Care  must  be  exercised  during  surface  mount  to  minimize 
large  (>  30°C  per  second)  thermal  shock  to  the  package. 


!    I  i 

tl 

— _ 
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 LT1123 

Low  Dropout 
Regulator  Driver 


F€fiTUR€S 

■  Extremely  Low  Dropout 

■  Low  Cost 

■  Fixed  5V  Output,  Trimmed  to +1% 

■  700nA  Quiescent  Current 

■  3-Pin  TO-92  Package 

■  1mV  Line  Regulation 

■  5mV  Load  Regulation 

■  Thermal  Limit 

[  Guaranteed 


D€SCMPTIOn 

The  LT1 1 23  is  a  3-pin  bipolar  device  designed  to  be  used  in 
conjunction  with  a  discrete  PNP  power  transistor  to  form  an 
inexpensive  low  dropout  regulator.  The  LT1 1 23  consists  of 
a  trimmed  bandgap  reference,  error  amplifier,  and  a  driver 
circuit  capable  of  sinking  up  to  1 25mA  from  the  base  of  the 
external  PNP  pass  transistor.  The  LT1123  is  designed  to 
provide  a  fixed  output  voltage  of  5V. 

The  drive  pin  of  the  device  can  pull  down  to  2V  at  125mA 
(1 .4V  at  10mA).  This  allows  a  resistor  to  be  used  to  reduce 
the  base  drive  available  to  the  PNP  and  minimize  the  power 
dissipation  in  the  LT1 1 23.  The  drive  current  of  the  LT1 1 23  is 
folded  back  as  the  feedback  pin  approaches  ground  to 
further  limit  the  available  drive  current  under  short  circuit 
conditions. 

Total  quiescent  current  for  the  LT1 123  is  only  700juA.  The 
device  is  available  in  a  low  cost  TO-92  package. 
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Drive  Pin  Voltage  (VDR|Ve  to  Ground)  30V 

Feedback  Pin  Voltage  (VFBto  Ground)  30V 

Operating  Junction  Temperature  Range....  0°C  to  125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


BOTTOM  VIEW 

ORDER  PART 

/   3        2        1  \ 

NUMBER 

f  O     6    O  1 

I  DRIVE    FB     GND  I 

LT1123CZ 

Z  PACKAGE 

3-LEAD  TO-92  PLASTIC 

€l€CTRICfll  CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Feedback  Voltage 

lDRivE  =  10mA,Tj  =  25°C 

4.90 

5.00 

5.10 

V 

5mA  <  lDR|VE<  100mA 
3V<VDrive<20V 

• 

4.80 

5.00 

5.20 

V 

Feedback  Pin  Bias  Current 

VFB  =  5.00V,  2V<VDrive<15V 

• 

300 

500 

uA 

Drive  Current 

VFB  =  5.20V,  2V<VDRive<15V 

VFB  =  4.80V,  VDRive  =  3V 

VFB  =  0.5V,  VDRive  =  3V,  <  Tj  <  100°C 

• 
• 

125 
25 

0.45 
170 
100 

1.0 
150 

mA 

Drive  Pin  Saturation  Voltage 

lDRiVE  =  10mA,  VFB  =  4.5V 
Idrive  =  125mA,  VFB  =  4.5V 

1.4 
2.0 

V 

Line  Regulation 

5V  <  Vqrive  <  20V 

• 

1.0 

±20 

mV 

Load  Regulation 

AIdrive  =  10to  100mA 

• 

-5  -50 

mV 

Temperature  Coefficient  of  Vout 

0.2 

mV/°C 

The  •  indicates  specifications  which  apply  over  the  full  operating  temperature  range. 


SimPUFICD  BLOCK  DIRGRRIT1 


CURRENT 
LIMIT 

THERMAL 
LIMIT 
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Feedback  Pin  Bias  Current  vs  Minimum  Drive  Pin  Current  vs  Drive  Current  vs  Feedback  Pin 

Temperature  Temperature  Voltage 


25        50        75        100  125 
TEMPERATURE  ("Q 


25        50        75  100 
TEMPERATURE  (°C) 


1  2  3  4  5 
FEEDBACK  PIN  VOLTAGE  (V) 


Feedback  Pin  Bias  Current  vs  Drive  Pin  Saturation  Voltage  vs 

Feedback  Pin  Voltage  Drive  Current  Output  Voltage  vs  Temperature 


FuncTionni  dcscriptior 

The  LT1123  is  a  three  pin  device  designed  to  be  used  in 
conjunction  with  a  discrete  PNP  transistor  to  form  an 
inexpensive  ultra-low  dropout  regulator.  The  device  incor- 
porates a  trimmed  5V  bandgap  reference,  error  amplifier, 
a  current-limited  Darlington  driver,  and  an  internal  ther- 
mal limit  circuit.  The  internal  circuitry  connected  to  the 
drive  pin  is  designed  to  function  at  the  saturation  voltage 
of  the  Darlington  driver.  This  allows  a  resistor  to  be 


inserted  in  series  with  the  drive  pin.  This  resistor  is  used 
to  limitthebasedrive  to  the  PNPand  also  to  limit  the  power 
dissipation  in  the  LT1 1 23.  The  value  of  this  resistor  will  be 
defined  by  the  operating  requirements  of  the  regulator 
circuit.  The  LT1123  is  designed  to  sink  a  minimum  of 
125mA  of  base  current.  This  is  sufficient  base  drive  to 
form  a  regulator  circuit  which  can  supply  output  currents 
up  to  4A  at  a  dropout  voltage  of  less  than  0.75V. 


LT1123 

pin  Funaions 


Drive  Pin:  The  drive  pin  serves  two  functions.  It  provides 
current  to  the  LT1123  for  its  internal  circuitry  including 
startup,  bias,  current  limit,  thermal  limit  and  a  portion  of 
the  base  drive  current  for  the  output  Darlington.  The  sum 
total  of  these  currents  (450pA  typical)  is  equal  to  the 
minimum  drive  current.  This  current  is  listed  in  the  speci- 
fications as  Drive  Current  with  Vfb  =  5.2V.  This  is  the 
minimum  current  required  by  the  drive  pin  of  the  LT1 123. 

The  second  function  of  the  drive  pin  is  to  sink  the  base 
drive  current  of  the  external  PNP  pass  transistor.  The 
available  drive  current  is  specified  for  two  conditions. 
Drive  current  with  VFB  =  4.80V  gives  the  range  of  current 
available  under  nominal  operating  conditions,  when  the 
device  is  regulating.  Drive  current  with  VfB=0.5Vgives  the 
range  of  drive  current  available  with  the  feedback  pin 
pulled  low  as  it  would  be  during  startup  or  during  a  short 
circuit  fault.  The  drive  current  available  when  the  feedback 
pin  is  pulled  low  is  less  than  the  drive  current  available 
when  the  device  is  regulating  (Vfb  =  5V).  This  can  be  seen 
in  the  curve  of  Drive  Current  vs  Vfb  Voltage  in  the  Typical 
Performance  Characteristic  curves.  This  can  provide  some 
foldback  in  the  current  limit  of  the  regulator  circuit. 


All  internal  circuitry  connected  to  the  drive  pin  is  designed 
to  operate  at  the  saturation  voltage  of  the  Darlington 
output  driver  (1.4  -  2V).  This  allows  a  resistor  to  be 
inserted  between  the  base  of  the  external  PNP  device  and 
the  drive  pin.  This  resistor  is  used  to  limit  the  base  drive  to 
the  external  PNP  below  the  value  set  internally  by  the 
LT1123,  and  also  to  help  limit  power  dissipation  in  the 
LT1123.  The  operating  voltage  range  of  this  pin  is  from 
0V  to  30V.  Pulling  this  pin  below  ground  by  more  than  one 
Vbe  will  forward  bias  the  substrate  diode  of  the  device. 
This  condition  can  only  occur  if  the  power  supply  leads  are 
reversed  and  will  not  damage  the  device  if  the  current  is 
limited  to  less  than  200mA. 

Feedback  Pin  (Vfb):  The  feedback  pin  also  serves  two 
functions.  It  provides  a  path  for  the  bias  current  of  the 
reference  and  error  amplifier  and  contributes  a  portion  of 
the  drive  current  for  the  Darlington  output  driver.  The  sum 
total  of  these  currents  is  the  Feedback  Pin  Bias  Current 
(300(iA  typical).  The  second  function  of  this  pin  is  to 
provide  the  voltage  feedback  to  the  error  amplifier. 


nppucmions  inFORmnnon 

The  LT1 1 23  is  designed  to  be  used  in  conjunction  with  an 
external  PNP  transistor.  The  overall  specifications  of  a 
regulator  circuit  using  the  LT1 1 23  and  an  external  PNP  will 
be  heavily  dependent  on  the  specifications  of  the  external 
PNP.  While  there  are  a  wide  variety  of  PNP  transistors 
available  that  can  be  used  with  the  LT1 1 23,  the  specifica- 
tions given  in  typical  transistor  data  sheets  are  of  little  use 
in  determining  overall  circuit  performance. 

Linear  Technology  has  solved  this  problem  by  cooperat- 
ing with  Motorola  to  design  and  specify  the  MJE1 1 23.  This 
transistor  is  specifically  designed  to  work  with  the  LT1 1 23 
as  the  pass  element  in  a  low  dropout  regulator.  The 
specifications  of  the  MJE1 1 23  reflect  the  capability  of  the 
LT1 1 23.  For  example,  the  dropout  voltage  of  the  MJE1 1 23 
is  specified  up  to  4A  collector  current  with  base  drive 
currents  that  the  LT1 123  is  capable  of  generating  (20mA 


to  120mA).  Output  currents  up  to  4A  with  dropout  volt- 
ages less  than  0.75V  can  be  guaranteed. 

The  following  sections  describe  how  specifications  can  be 
determined  forthe  basic  regulator.  The  charts  and  graphs 
are  based  on  the  combined  characteristics  of  the  LT1 1 23 
and  the  MJE1123.  Formulas  are  included  that  will  enable 
the  user  to  substitute  other  transistors  that  have  been 
characterized.  A  chart  is  supplied  that  lists  suggested 
resistor  values  for  the  most  popular  range  of  input  volt- 
ages and  output  current. 

BASIC  REGULATOR  CIRCUIT 

The  basic  regulator  circuit  is  shown  in  Figure  1.  The 
LT1 123  senses  the  voltage  at  its  feedback  pin  and  drives 
the  base  of  the  PNP  (MJE1123)  in  order  to  maintain  the 


LT1123 
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output  at  5V.  The  drive  pin  of  the  LT1123  can  only  sink 
current;  RB  is  required  to  provide  pullup  on  the  base  of  the 
PNP.  RB  must  be  sized  so  that  the  voltage  drop  caused  by 
the  minimum  drive  pin  current  is  less  than  the  emitter/ 
base  voltage  of  the  external  PNP  at  light  loads.  The 
recommended  value  for  Rb  is  620Q.  For  circuits  that  are 
required  to  run  at  junction  temperatures  in  excess  of 
100°C  the  recommended  value  of  Rb  is  300Q. 


V0UT  =  5V 


10JJF  ALUM 


T 

Figure  1 .  Basic  Regulator  Circuit 

Ro  is  used  to  limit  the  drive  current  available  to  the  PNP 
and  to  limit  the  power  dissipation  in  the  LT1123.  Limiting 
the  drive  current  to  the  PNP  will  limit  the  output  current  of 
the  regulator  which  will  minimize  the  stress  on  the  regu- 
lator circuit  under  overload  conditions.  Rp  is  chosen 
based  on  the  operating  requirements  of  the  circuit,  prima- 
rily dropout  voltage  and  output  current. 

DROPOUT  VOLTAGE 

The  dropout  voltage  of  an  LT1123  based  regulator  circuit 
is  determined  by  the  Vce  saturation  voltage  of  the  discrete 
PNP  when  it  is  driven  with  a  base  current  equal  to  the 
available  drive  current  of  the  LT1 1 23.  The  LT1 1 23  can  sink 
up  to  150mA  of  base  current  (150mA  typ.,  125mA  min.) 
when  output  voltage  is  up  near  the  regulating  point  (5V). 
The  available  drive  current  of  the  LT1123  can  be  reduced 
by  adding  a  resistor  (Rp)  in  series  with  the  drive  pin  (see 
the  section  below  on  current  limit).  The  MJE1123  is 
specified  for  dropout  voltage  (Vce  sat.)  at  several  values  of 
output  current  and  up  to  1 20mA  of  base  drive  current.  The 
chart  below  lists  the  operating  points  that  can  be  guaran- 


Dropout  Voltage 


DRIVE  CURRENT 

OUTPUT  CURRENT 

DROPOUT  VOLTAGE 
TYP  MAX 

20mA 

1A 

0.16V  0.3V 

50mA 

1A  ■ 

0.13V  0.25V 

2A 

0.25V  0.4V 

120mA 

1A 

0.2V  0.35V 

4A 

0.45V  0.75V 

>  0.50 

1 

I 

D  0.25 


•BASED  0 
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LT1 123  FO! 

Figure  2.  Maximum  Dropout  Voltage 
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Figure  3.  Dropout  Voltage  vs  Temperature 


teed  by  the  combined  data  sheets  of  the  LT1123  and 
MJE1 1 23.  Figure  2  illustrates  the  chart  in  graphic  form. 
Although  these  numbers  are  only  guaranteed  by  the  data 
sheet  at  25°C,  Dropout  Voltage  vs  Temperature  (Figure  3) 
clearly  shows  that  the  dropout  voltage  is  nearly  constant 
over  a  wide  temperature  range. 


4-79 


LT1123 


nppucfflions  inFORmnnon 


SELECTING  RD 

In  order  to  select  Rd  the  user  should  first  choose  the  value 
of  drive  current  that  will  give  the  required  value  of  output 
current.  For  circuits  using  the  MJE1 1 23  as  a  pass  transis- 
tor this  can  be  done  using  the  graph  of  Dropout  Voltage  vs 
Output  Current  (Figure  2).  For  example,  20mA  of  drive 
current  will  guarantee  a  dropout  voltage  of  0.3V  at  1A  of 
output  current.  For  circuits  using  transistors  other  than 
the  MJE1 1 23  the  user  must  characterize  the  transistor  to 
determine  the  drive  current  requirements.  In  general  it  is 
recommended  that  the  user  choose  the  lowest  value  of 
drive  current  that  will  satisfy  the  output  current  require- 
ments. This  will  minimize  the  stress  on  circuit  compo- 
nents during  overload  conditions. 

Figure  4  can  be  used  to  select  the  value  of  Rp  based  on  the 
required  drive  current  and  the  minimum  input  voltage. 
Curves  are  shown  for  20mA,  50mA,  and  120mA  drive 
current  corresponding  to  the  specified  base  drive  currents 
for  the  MJE1 1 23.  The  data  for  the  curves  was  generated 
using  the  following  formula: 

Rd  =  (Vin  -  Vbe  -  VDriVE)/(Idrive  +  1  mA) 

Vin  =  the  minimum  input  voltage  to  the  circuit 
Vbe  = the  maximum  emitter/base  voltage  of  the 
PNP  pass  transistor 

Vdrive  =  the  maximum  Drive  pin  voltage  of  the 
LT1123 

'drive  =  the  minimum  drive  current  required 
The  current  through  RB  is  assumed  to  be  1  mA 


where 


.  Inniwr  -  9(\m& 

M 

50r 

lA 

ive=  120mA 

Hot 

The  following  assumptions  were  made  in  calculating  the 
data  for  the  curves.  Resistors  are  5%  tolerance  and  the 
values  shown  on  the  curve  are  nominal. 

For  20mA  drive  current  assume: 
VBE  =  0.95V  at  lc  =  1A 
VDRive  =  1.75V 

For  50mA  drive  current  assume: 
VBE  =  1.2Vatlc  =  2A 
Vdrive  =  L9V 

For  120mA  drive  current  assume: 
VBE  =  1.4Vatlc  =  4A 
Vdrive  =  2.1V 

The  Rd  Selection  Chart  lists  the  recommended  values  for 
Rd  for  the  most  useful  range  of  input  voltage  and  output 
current.  The  chart  includes  a  number  for  power  dissipa- 
tion for  the  LT1123  and  RD. 

Rd  Selection  Chart 


INPUT 
VOLTAGE 

OUTPUT  CURRENT: 
DROPOUT  VOLTAGE: 

0-1A 
0.3V 

0-2A 
0.4V 

0-4A 
0.75V 

5.5V 

Rd 

Power  (LT1123) 
Power  (Rq) 

120Q 
0.05W 

43Q 
0.14W 

6.0V 

Rd 

Power (LT1123) 
Power  (Rd) 

150Q 
0.05W 
0.13W 

51  a 
0.15W 
0.35W 

2on 

0.37W 
0.76W 

7.0V 

Rd 

Power  (LT1123) 
Power  (Rd) 

180Q 
0.06W 
0.16W 

75n 

0.14W 
0.36W 

27Q 
0.38W 
0.89W 

8.0V 

Rd 

Power (LT1123) 
Power  (Rd) 

240£2 
0.06W 
0.1 7W 

91  n 

0.15W 
0.42W 

36a 

0.38W 
0.97W 

9.0V 

Rd 

Power  (LT1 123) 
Power  (Rd) 

270Q 
0.20W 
0.07W 

non 

0.1 6W 
0.47W 

43Q 
0.41W 
1.11W 

10.0V 

Rd 

Power (LT1123) 
Power  (RD) 

330£i 
0.22W 
0.07W 

130Q 
0.1 7W 
0.52W 

51Q 
0.43W 
1.25W 

12  13   14  15 


5    6     7    8     9    10  11 
VlN 

Figure  4.  RD  Resistor  Value 


Note  that  in  some  conditions  Rd  may  be  replaced  with  a 
short.  This  is  possible  in  circuits  where  an  overload  is 
unlikely  and  the  input  voltage  and  drive  requirements  are 
low.  See  the  section  on  Thermal  Considerations  for  more 
information. 
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CURRENT  LIMIT 

For  regulator  circuits  using  the  LT1 1 23,  current  limiting  is 
achieved  by  limiting  the  base  drive  to  the  external  PNP 
pass  transistor.  This  means  that  the  actual  system  current 
limit  will  be  a  function  of  both  the  current  limit  of  the 
LT1123  and  the  Beta  of  the  external  PNP.  Beta-based 
current  limit  schemes  are  normally  not  practical  because 
of  uncertainties  in  the  Beta  of  the  pass  transistor.  Here  the 
drive  characteristics  of  the  LT1123  combined  with  the 
Beta  characteristics  of  the  MJE1123  can  provide  reliable 
Beta-based  current  limiting.  This  is  shown  in  Figure  5 
where  the  current  limit  of  30  randomly  selected  transistors 
is  plotted.  The  spread  of  current  limit  is  reasonably  well 
controlled. 


I 

- 

_ 

4.00  4.25  4.50  4.75  5.00  5.25  5.50  5  75  6.00 
OUTPUT  CURRENT  (A) 


Figure  5.  Short  Circuit  Current  for  30  Random  Devices 


lB(A) 


Figure  6.  MJE1123  lcvslB 


The  curve  in  Figure  6  can  be  used  to  determine  the  range 
of  current  limit  of  an  LT1123  regulator  circuit  using  an 
MJE1123  as  a  pass  transistor.  The  curve  was  generated 
using  the  Beta  versus  lc  curve  of  the  MJE1123.  The 
minimum  and  maximum  value  curves  are  extrapolated 
from  the  minimum  and  maximum  Beta  specifications. 

THERMAL  CONSIDERATIONS 

The  thermal  characteristics  of  three  components  need  to 
be  considered;  the  LT1123,  the  pass  transistor,  and  Rq. 
Power  dissipation  should  be  calculated  based  on  the  worst 
case  conditions  seen  by  each  component  during  normal 
operation. 

The  worst  case  power  dissipation  in  the  LT1123  is  a 
function  of  drive  current,  supply  voltage,  and  the  value  of 
Rd.  Worst  case  dissipation  for  the  LT1123  occurs  when 
the  drive  current  is  equal  to  approximately  one  half  of  its 
maximum  value.  Figure  7  plots  the  worst  case  power 
dissipation  in  the  LT1123  versus  Rp  and  \%  The  graph 
was  generated  using  the  following  formula: 

pD=(ym_v^;RD>10Q 

where  VBe  =  the  emitter/base  voltage  of  the  PNP  pass 
transistor  (assumed  to  be  0.6V) 

For  some  operating  conditions  Rp  may  be  replaced  with  a 
short.  This  is  possible  in  applications  where  the  operating 
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Figure  7.  Power  in  LT1123 
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requirements  (input  voltage  and  drive  current)  are  at  the 
low  end  and  the  output  will  not  be  shorted.  For  Rp  =  0  the 
following  formula  may  be  used  to  calculate  the  maximum 
power  dissipation  in  the  LT1123. 

Pd  =  (Vin-VBe)(Idrive) 

where  Vin  =  maximum  input  voltage 

Vbe  =  emitter/base  voltage  of  PNP 
'drive  =  required  maximum  drive  current 

The  maximum  junction  temperature  rise  above  ambient 
for  the  LT1123  will  be  equal  to  the  worst  case  power 
dissipation  multiplied  by  the  thermal  resistance  of  the 
device.  The  thermal  resistance  of  the  device  will  depend 
upon  how  the  device  is  mounted,  and  whether  a  heat  sink 
is  used.  Measurements  showthat  one  of  the  most  effective 
ways  of  heat  sinking  the  TO-92  package  is  by  utilizing  the 
PC  board  traces  attached  to  the  leads  of  the  package.  The 
table  below  lists  several  methods  of  mounting  and  the 
measured  value  of  thermal  resistance  for  each  method.  All 
measurements  were  done  in  still  air. 

THERMAL 
RESISTANCE 


Package  alone   220°C/W 

Package  soldered  into  PC  board  with  plated  through 

holes  only  175°C/W 

Package  soldered  into  PC  board  with  1/4  sq.  in.  of  copper  trace 

per  lead  145%/W 

Package  soldered  into  PC  board  with  plated  through  holes  in 
board,  no  extra  copper  trace,  and  a  clip-on  type  heat  sink: 

Thermalloytype  2224B   160%' W 

Aavid  type  5754    135°C/W 


The  maximum  operating  junction  temperature  of  the 
LT1123  is  125°C.  The  maximum  operating  ambient 
temperature  will  be  equal  to  125°C  minus  the  maximum 
junction  temperature  rise  above  ambient. 

The  worst  case  power  dissipation  in  Rq  needs  to  be 
calculated  so  that  the  power  rating  of  the  resistor  can  be 
determined.  The  worst  case  power  in  the  resistor  will 
occur  when  the  drive  current  is  at  a  maximum.  Figure  8 
plots  the  required  power  rating  of  Rp  versus  supply 
voltage  and  resistor  value.  Power  dissipation  can  be 
calculated  using  the  following  formula: 

p     _  (VIN  ~  VBE  ~  VDRIVe) 
Rrj  R 


1k 


0.25W- 

0.5W^ 

1W. 

5      6     7    8     9    10   11   12  13   U  15 
V|N(V) 

IT11ZIFW 

Figure  8.  Power  in  RD 

where  Vbe  =  emitter/base  voltage  of  the  PNP  pass 
transistor 

vdrive  =  voltage  at  the  drive  pin  of  the  LT1123 
=  VSAT  of  the  drive  pin  in  the  worst  case 

The  worst  case  power  dissipation  in  the  PNP  pass  transis- 
tor is  simply  equal  to: 

Pmax  =  (Vin-Vout)(Iout) 
where  V|N  =  Maximum  Vin 
Iout  =  Maximum  !0ut 

The  thermal  resistance  of  the  MJE1 1 23  is  equal  to: 
70°C/W  Junction  to  Ambient  (no  heat  sink) 
1.67°C/W  Junction  to  Case 

The  PNP  will  normally  be  attached  to  either  a  chassis  or  a 
heat  sink  so  the  actual  thermal  resistance  from  junction  to 
ambient  will  be  the  sum  of  the  PNP's  junction  to  case 
thermal  resistance  and  the  thermal  resistance  of  the  heat 
sink  or  chassis.  For  non-standard  heat  sinks  the  user  will 
need  to  determine  the  thermal  resistance  by  experiment. 

The  maximum  junction  temperature  rise  above  ambient 
for  the  PNP  pass  transistor  will  be  equal  to  the  maximum 
power  dissipation  times  the  thermal  resistance,  junction 
to  ambient,  of  the  PNP.  The  maximum  operating  junction 
temperature  of  the  MJE1123  is  150°C.  The  maximum 
operating  ambient  temperature  for  the  MJE1123  will  be 
equal  to  1 50°C  minus  the  maximum  junction  temperature 
rise. 
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THERMAL  LIMITING 

The  thermal  limit  of  the  LT1 1 23  can  be  used  to  protect  both 
the  LT1123  and  the  PNP  pass  transistor.  This  is  accom- 
plished by  thermally  coupling  the  LT1123  to  the  power 
transistor.  There  are  clip  type  heat  sinks  available  for  the 
TO-92  package  that  will  allow  the  LT1 123  to  be  mounted 
to  the  same  heat  sink  as  the  PNP  pass  transistor.  One 
example  is  manufactured  by  IERC  (part  #RUR67B1CB). 
The  LT1 1 23  should  be  mounted  as  close  as  possible  to  the 
PNP.  If  the  output  of  the  regulator  circuit  can  be  shorted, 
heat  sinking  must  be  adequate  to  limit  the  rate  of  tempera- 
ture rise  of  the  power  device  to  approximately  50°C/ 
minute.  This  can  be  accomplished  with  a  fairly  small  heat 
sink,  on  the  order  of  3  -  4  square  inches  of  surface  area. 

DESIGN  EXAMPLE 

Given  the  following  operating  requirements: 
5.5V  <  V|N  <  7V 

'outmax  =  1-5A 

Max  ambient  temp.  =  70°C 

V0UT  =  5V 

1.  The  first  step  is  to  determine  the  required  drive 
current.  This  can  be  found  from  the  Maximum  Dropout 
Voltage  curve.  50mA  of  drive  current  will  guarantee  0.4V 
dropout  at  an  output  current  of  2A.  This  satisfies  our 
requirements. 

IDRIVE  =  50mA 

2.  The  next  step  is  to  determine  the  value  of  Rq.  Based 
on  50mA  of  drive  current  and  a  minimum  input  voltage  of 
5.5V,  we  can  select  Rq  from  the  graph  of  Figure  4.  From  the 
graph  the  value  of  Rp  is  equal  to  50£2,  so  we  should  use  the 
next  lowest  5%  value  which  is  470. 

RD  =  47Q 

3.  We  can  now  look  at  the  thermal  requirements  of 
the  circuit. 

Worst  case  power  in  the  LT1123  will  be  equal  to: 

(VINMAX  "%) 
4RD 


Given:  V,Nmax  =  7V,  VBE  =  0.6V,  RD  =  47Q 
Then:   PMAx  (LT1123)  =  0.22W. 

Assuming  a  thermal  resistance  of  1 50°C/W,  the  maximum 
junction  temperature  rise  above  ambient  will  be  equal  to 
(Pmax)(150°C/W)  =  33°C.  The  maximum  operating  junc- 
tion temperature  will  be  equal  to  the  maximum  ambient 
temperature  plus  the  junction  temperature  rise  above 
ambient.  In  this  case  we  have  (maximum  ambient  =  70°C) 
plus  (junction  temperature  rise  =  33°C)  is  equal  to  1 03°C. 
This  is  well  below  the  maximum  operating  junction  tem- 
perature of  125°C  for  the  LT1 1 23. 

The  power  rating  for  Rq  can  be  found  from  the  plot  of 
Figure  8  using  V|N  =  7V  and  Rp  =  47Q.  From  the  plot,  RD 
should  be  sized  to  dissipate  a  minimum  of  1/2W. 

The  worst  case  power  dissipation,  for  normal  operation,  in 
the  MJE1123  will  be  equal  to: 

(V|NMAX  "  Vout)(Ioutmax)  =  (7V  -  5V)(1 .5A)  =  3W 

The  maximum  operating  junction  temperature  of  the 
MJE1 1 23  is  1 50°C.  The  difference  between  the  maximum 
operating  junction  temperature  of  150°C  and  the  maxi- 
mum ambient  temperature  of  70°C  is  80°C.  The  device 
must  be  mounted  to  a  heat  sink  which  is  sized  such  that 
the  thermal  resistance  from  the  junction  of  the  MJE1 1 23 
to  ambient  is  less  than  80°C/3W  =  26.7°C/W. 

It  is  recommended  that  the  LT1 1 23  be  thermally  coupled 
to  the  MJE1123  so  that  the  thermal  limit  circuit  of  the 
LT1 1 23  can  protect  both  devices.  In  this  case  the  ambient 
temperature  for  the  LT1 1 23  will  be  equal  to  the  tempera- 
ture of  the  heat  sink.  The  heat  sink  temperature,  under 
normal  operating  conditions,  will  have  to  be  limited  such 
that  the  maximum  operating  junction  temperature  of  the 
LT1123  is  not  exceeded. 

Refer  to  Linear  Technology's  list  of  Suggested  Manufac- 
turers of  Specialized  Components  for  information  on 
where  to  find  the  required  heat  sinks,  resistors  and  capaci- 
tors. This  listing  is  available  through  Linear  Technology's 
marketing  department. 
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Isolated  Feedback  for  Switching  Regulators 


SWITCHING 
REGULATOR 


f 


DRIVE 
LT1123  FB 


5V 

OUTPUT 


5V  Regulator  with  Anti-Sat  Miminizes 
Ground  Pin  Current  in  Dropout 


10|jF 
ALUM 


5V  Shunt  Regulator  or  Voltage  Clamp 


DRIVE 
LT1123  fB 
GND 


-±  10MF 
— I—  ALUM 


5V/2A  Regulator  with  Remote  Sensing 


DRIVE 

Td  FB 


REMOTE 
LOAD 


j 


00(iF 
OR  LARGER 


Undervoltage  Indicator  On  for  Vug  <  (Vz  +5V) 


470k 


Battery  Backup  Regulator 


INTERNAL 

BATTERY  -±  _LL  10|iF  >  620£! 

6V  —I—  ALUM 

GEL  CELL  _L  _L 


■  H5 


MJE1123 
1N4148 


.  ,  EXTERNAL 
J+   '  POWER 


10MF 
ALUM 


'  k 


I    ORvi  I 

4-  T 


5V  OUTPUT 


10MF 

ALUM  tmaiAc; 


TVPicfiL  npPLicnnons 


 LT1123 


5V/1A  Regulator  with  Shutdown 
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■  Low  Resistance  Pass  Transistor  (0.25Q) 

■  Dropout  Voltage,  0.75V@3A 

■  ±  1  %  Reference  Voltage 

■  Accurate  Programmable  Current  Limit 

■  Shutdown  Capability 

■  Internal  Reference  Available 

■  Standard  5-Lead  Packages 

■  Full  Remote  Sense 

■  Low  Quiescent  Current,  = 2.5mA 

■  Good  High  Frequency  Ripple  Rejection 

D€SCMPTIOn 

The  LT1185  is  a  3A  low  dropout  regulator  with  adjustable 
current  limit  and  remote  sense  capability.  It  can  be  used 
as  a  positive  output  regulator  with  floating  input  or  as  a 
standard  negative  regulator  with  grounded  input.  The  out- 
put voltage  range  is  2.5V  to  25V,  with  ±1%  accuracy  on 
the  internal  reference  voltage. 


The  LT1185  uses  a  saturation-limited  NPN  transistor  as 
the  pass  element.  This  device  gives  the  linear  dropout 
characteristics  of  an  FET  pass  element  with  significantly 
less  die  area.  High  efficiency  is  maintained  by  using  spe- 
cial anti-saturation  circuitry  that  adjusts  base  drive  to 
track  load  current.  The  "on  resistance"  is  typically  0.2517. 

Accurate  current  limit  is  programmed  with  a  single  1/8W 
external  resistor,  with  a  range  of  zero  to  three  amperes.  A 
second,  fixed  internal  limit  circuit  prevents  destructive 
currents  if  the  programming  current  is  accidentally  over- 
ranged.  Shutdown  of  the  regulator  output  is  guaranteed 
when  the  program  current  is  less  than  1/iA,  allowing  ex- 
ternal logic  control  of  output  voltage. 

The  LT1185  has  all  the  protection  features  of  previous  LTC 
regulators,  including  power  limiting  and  thermal  shut- 
down. The  5-lead  TO-3  package  is  specified  for  -55°C  to 
150°C  operation  and  the  5-lead  TO-220  is  specified  over 
0°Cto125°C. 
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Input  Voltage  35V 

Input-Output  Differential  30V 

FB  Voltage  7V 

REF  Voltage  7V 

Output  Voltage  30V 

Output  Reverse  Voltage  2V 

Operating  Ambient  Temperature  Range 
LT1185M  -55°Cto125°C 

Operating  Junction  Temperature  Range* 

Control  Section 

LT1185M  -55°Cto150°C 

LT1185C  0°Cto125°C 

Power  Transistor  Section 

LT1185M  -55°Cto175°C 

LT1185C  0°Cto150°C 

Storage  Temperature  -65°Cto150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 

'See  Application  Section  for  details  on  calculating  operating  junction 
temperature. 


VlN(CASE) 


VOUT  '   "  REF 

K  PACKAGE 
4-LEAD  TO-3  METAL  CAN 


5 

o 

4 

3 
2 

01 

TABISVin    T  PACKAGE 
5-LEADTO-220 


ORDER  PART 
NUMBER 


LT1185MK 


LT1185CT 


€l€CTRICfll  CHARACTERISTICS 

Adjustable  Version,  V|N  =  7.4V,  Vqut = Vref>  'out  =  1  mA,  Rum  =  4.02k,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN         TYP  MAX 

UNITS 

Reference  Voltage  (At  FB  Pin) 

2.37 

V 

Reference  Voltage  Tolerance  (Note  1) 

V|N-V0UT  =  5V 

0.3  ±1 

% 

1mA<louTS3A 

V|N-VnuT  =  1-2Vto  Vim  =  30V 

P  <  25W  (Note  5) 

Tmin  -  Tj  =  Tmax  (Note  8) 

• 

1.0  ±2.5 

% 

Feedback  Pin  Bias  Current 

• 

0.7  2 

MA 

Dropout  Voltage  (Note  2) 

l0UT  =  0.5A 
l0UT  =  3A 

0.27  0.37 
0.8  1.0 

V 
V 

Load  Regulation  (Note  6) 

Iout  =  5mA  to  3A 
ViN-VOUT  =  1.5Vto10V 

0.05  0.3 

% 

Line  Regulation  (Note  6) 

V|N-VouT  =  1Vto20V 

0.002  0.01 

%/v 

Minimum  Input  Voltage 

Iqut  =  1A  (Note  3) 
Iout  =  3A 

4 

4.3 

V 
V 

Internal  Current  Limit  (See  Graph  for 
Guaranteed  Curve) 

1.5V<V|N-VOUT<10V 

V|N-V0UT  =  15V 
VIN-VOUT  =  20V 
V|N-V0UT  =  30V 

3.3           3.6  4.0 

3.1  4.2 
2             3  4 

1.2  1.7  2.6 
0.2           0.4  1.0 

A 
A 
A 
A 
A 

External  Current  Limit 
Programming  Constant 

5k<  RL1M  <  15k,  V0Ut  =  1V 
(Note  10) 

15k 

A»n 
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Adjustable  Version,  Vin  =  7.4V,  Vqut  =  Vref.  'out  =  1  rnA,  Rlim  =  4.02k,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

External  Current  Limit  Error 

1A<ILIM<3A 

R, ...  _  1  Sk  •  A/I,  i.. 
r>LIM  -  IOK'WIlim 

0-02  lLIM 
0.04  lUM 

0.06  lL|M  +  0.03 
0.09  lL|M  +  0.05 

A 
A 

nnipQppnt  ^unnh/  Purrpnt 
uuicouci 1 1  o u|j| <iy  u u M  (ji  1 1 

louT  =  5mV 

4V  <  V|N  <  25V  (Note  4) 

• 

2.5 

3.5 

mA 

Supply  Current  Change  with  Load 

V|N-V0UT  =  VSAT(N0te9) 

V|N-V0UT>2V 

• 
• 

25 
10 

40 
25 

mA/A 
mA/A 

REF  Pin  Shutoff  Current 

• 

1 

2 

7 

uA 

Thermal  Regulation  (See  Applications 
Information) 

VIN-VOUT  =  10V 

Iout  =  5mA  to  2A 

0.005 

0.014 

%/W 

Reference  Voltage  Temperature 
Coefficient 

(Note  7) 

0.003 

0.01 

%/°C 

Thermal  Resistance  Junction  to  Case 

TO-3  Control  Area 
Power  Transistor 
TO-220  Control  Area 
Power  Transistor 

1 
3 
1 
3 

°C/W 

°c/w 

°C/W 
°C/W 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Reference  voltage  is  guaranteed  both  at  nominal  conditions  (no 
load,  25°C)  and  at  worst  case  conditions  of  load,  line,  power,  and  tempera- 
ture. An  intermediate  value  can  be  calculated  by  adding  the  effects  of  these 
variables  in  the  actual  application.  See  the  Applications  Information  sec- 
tion of  this  datasheet. 

Note  2:  Dropout  voltage  is  tested  by  reducing  input  voltage  until  the  output 
drops  1  %  below  its  nominal  value.  Tests  are  done  at  0.5A  and  3A.  The 
power  transistor  looks  basically  like  a  pure  resistance  in  this  range  so  that 
minimum  differential  at  any  intermediate  current  can  be  calculated  by  in- 
terpolation; Vqropout  =  0-25V  +  0.25S!  •  l0UT.  For  load  current  less  than  0.5A, 
see  graph. 

Note  3:  "Minimum  input  voltage"  is  limited  by  base  emitter  voltage  drive  of 
the  power  transistor  section,  not  saturation  as  measured  in  Note  2.  For  out- 
put voltages  below  4V,  "minimum  input  voltage"  specification  may  limit 
dropout  voltage  before  the  power  transistor  saturation  limitation. 


Note  4:  Supply  current  is  measured  on  the  ground  pin,  and  does  not  include 

load  current,  RUM,  or  output  divider  current. 

Note  5:  The  25W  power  level  is  guaranteed  for  an  input-output  voltage  of 

8.3V  to  20V.  At  lower  voltages  the  3A  limit  applies,  and  at  higher  voltages 

the  internal  power  limiting  may  restrict  regulator  power  below  25W.  See 

graphs. 

Note  6:  Line  and  load  regulation  are  measured  on  a  pulse  basis  with  a  pulse 
width  of  =  2ms,  to  minimize  heating.  DC  regulation  will  be  affected  by 
thermal  regulation  and  temperature  coefficient  of  the  reference.  See 
Application  Section  for  details. 

Note  7:  Guaranteed  by  design  and  correlation  to  other  tests,  but  not  tested. 

Note  8:  TiM,N  =  -  55°C  for  the  LT1 1 85M  and  0°C  for  the  LT1185C. 

T)MAX  = 1 50°C  for  the  LT1 185M  and  1 25°C  tor  the  LT1 1 85C. 

Note  9:  VSAT  is  the  maximum  specified  dropout  voltage;  0.25V  +  (0.25)  (I0ut)- 

Note  10:  Current  limit  is  programmed  with  a  resistor  from  REF  pin  to  GND 

pin.  The  value  is15kfl/lUM. 
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BLOCK  DIAGRAM 

A  simplified  block  diagram  of  the  LT1185  is  shown  in  Fig- 
ure t.  A  2.37V  bandgap  reference  is  used  to  bias  the  input 
of  the  error  amplifier  A1,  and  the  reference  amplifier  A2. 
A1  feeds  a  triple  NPN  pass  transistor  stage  which  has  the 
two  driver  collectors  tied  to  ground  so  that  the  main  pass 
transistor  can  completely  saturate.  This  topology  nor- 
mally has  a  problem  with  unlimited  current  in  Q1  and  Q2 
when  the  input  voltage  is  less  than  the  minimum  required 
to  create  a  regulated  output.  The  standard  "fix"  for  this 
problem  is  to  insert  a  resistor  in  series  with  Q1  and  Q2 
collectors,  but  this  resistor  must  be  low  enough  in  value  to 


Figure  1.  Block  Diagram 


supply  full  base  current  for  Q3  under  worst  case  condi- 
tions, resulting  in  very  high  supply  current  when  the  input 
voltage  is  low.  To  avoid  this  situation,  the  LT1185  uses  an 
auxiliary  emitter  on  Q3  to  create  a  drive  limiting  feedback 
loop  which  automatically  adjusts  the  drive  to  Q1  so  that 
the  base  drive  to  Q3  is  just  enough  to  saturate  Q3,  but  no 
more.  Under  saturation  conditions,  the  auxiliary  emitter  is 
acting  like  a  collector  to  shunt  away  the  output  current  of 
A1.  When  the  input  voltage  is  high  enough  to  keep  Q3  out 
of  saturation,  the  auxiliary  emitter  current  drops  to  zero 
even  when  Q3  is  conducting  full'load  current. 
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Amplifier  A2  is  used  to  generate  an  internal  current 
through  Q4  when  an  external  resistor  is  connected  from 
the  REF  pin  to  ground.  This  current  is  equal  to  2.37V  di- 
vided by  Rum-  It  generates  a  current  limit  sense  voltage 
across  R1.  The  regulator  will  current  limit  via  A4  when  the 
voltage  across  R2  is  equal  to  the  voltage  across  R1.  These 
two  resistors  essentially  form  a  current  "amplifier"  with  a 
gain  of  350/0.055  =  6,360.  Good  temperature  drift  is  inher- 
ent because  R1  and  R2  are  made  from  the  same  diffu- 
sions. Their  ratio,  not  absolute  value,  determines  current 
limit.  Initial  accuracy  is  enhanced  by  trimming  R1  slightly 
at  wafer  level.  Current  limit  is  equal  to  15kl2/RuM- 

D1  and  11  are  used  to  guarantee  regulator  shutdown  when 
REF  pin  current  drops  below  2/tA.  A  current  less  than  2/tA 
through  Q4  causes  the  +  input  of  A5  to  go  low  and  shut 
down  the  regulator  via  D2. 

A3  is  an  internal  current  limit  amplifier  which  can  override 
the  external  current  limit.  It  provides  "goof  proof"  protec- 
tion for  the  pass  transistor.  Although  not  shown,  A3  has  a 
non-linear  foldback  characteristic  at  input-output  voltages 
above  12V  to  guarantee  safe  area  protection  for  Q3.  See 
"Internal  Current  Limit"  graph  in  the  Typical  Performance 


Characteristics  of  this  datasheet. 
SETTING  OUTPUT  VOLTAGE 


The  LT1185  output  voltage  is  set  by  two  external  resistors 
(see  Figure  2).  Internal  reference  voltage  is  trimmed  to 
2.37V  so  that  a  standard  1%  2.37k  resistor  (R1)  can  be 
used  to  set  divider  current  at  1mA.  R2  is  thei 
from; 

(Vqut-2.37)R1 
Vref 

for  R1  =  2.37k  and  Vref = 2.37V,  this  reduces  to; 

R2  =  V0UT-2.37(k£]) 
suggested  values  of  1  %  resistors  are  shown. 


R2: 


VOUT 

R2  WHEN  R1=  2.37k 

5V 

2.67k 

5.2V 

2.87k 

6V 

3.65k 

12V 

9.76k 

15V 

12.7k 

OUTPUT  CAPACITOR 

The  LT1185  has  a  collector  output  NPN  pass  transistor, 
which  makes  the  open  loop  output  impedance  much 
higher  than  an  emitter  follower.  Open  loop  gain  is  a  direct 
function  of  load  impedance,  and  causes  a  main  loop 
"pole"  to  be  created  by  the  output  capacitor,  in  addition  to 
an  internal  pole  in  the  error  amplifier.  To  ensure  loop  sta- 
bility, the  output  capacitor  must  have  an  ESR  (effective 
series  resistance)  which  has  an  upper  limit  of  20,  and  a 
lower  limit  of  0.2  divided  by  the  capacitance  in  /tF.  A  2/tF 
output  capacitor,  for  instance,  should  have  a  maximum 
ESR  of  20,  and  a  minimum  of  0.2/2  =  0.10.  These  values  are 
easily  encompassed  by  standard  solid  tantalum  capaci- 
tors, but  occasionally  a  solid  tantalum  unit  will  have  ab- 
normally high  ESR,  especially  at  very  low  temperatures. 
The  suggested  2/tF  value  shown  in  the  circuit  applications 
should  be  increased  to  4.7/iF  for  -40°C  and  -55°C  de- 
signs if  the  2/tF  units  cannot  be  guaranteed  to  stay  below 
20  at  these  temperatures. 

Although  solid  tantalum  capacitors  are  suggested,  other 
types  can  be  used  if  they  meet  the  ESR  requirements. 
Standard  aluminum  electrolytic  capacitors  need  to  be  up- 
ward of  25/tF  in  general  to  hold  20  maximum  ESR,  espe- 
cially at  low  temperatures.  Ceramic,  plastic  film,  and 
monolithic  capacitors  have  a  problem  with  ESR  being  too 
low.  These  types  should  have  a  10  carbon  resistor  in 
series  to  guarantee  loop  stability. 

The  output  capacitor  should  be  located  close  to  the  reg- 
ulator (<3")  to  avoid  excessive  impedance  due  to  lead  in- 
ductance. 6"  lead  length  (2x3")  will  generate  an  extra 
0.80  inductive  reactance  at  1MHz,  and  unity  gain  fre- 
quency can  be  up  to  that  value. 

For  remote  sense  applications,  the  capacitor  should  still 
be  located  close  to  the  regulator.  Additional  capacitance 
can  be  added  at  the  remote  sense  point,  but  the  remote 
capacitor  must  be  at  least  2/tF  solid  tantalum.  It  cannot  be 
a  low  ESR  type  like  ceramic  or  mylar  unless  a  0.50-10  car- 
bon resistor  is  added  in  series  with  the  capacitor.  Logic 
boards  with  multiple  low  ESR  bypass  capacitors  should 
have  a  solid  tantalum  unit  added  in  parallel  whose  value  is 
approximately  five  times  the  combined  value  of  low  ESR 
capacitors. 
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Large  output  capacitors  (electrolytic  or  solid  tantalum) 
will  not  cause  the  LT1 185  to  oscillate,  but  they  will  cause  a 
damped  "ringing"  at  light  load  currents  where  the  ESR  of 
the  capacitor  is  several  orders  of  magnitude  lower  than 
the  load  resistance.  This  ringing  only  occurs  as  a  result  of 
transient  load  or  line  conditions  and  normally  causes  no 
problems  because  of  its  low  amplitude  ( <25mV). 

HEAT  SINKING 

The  LT1 185  will  normally  be  used  with  a  heatsink.  The  size 
of  the  heatsink  is  determined  by  load  current,  input  and 
output  voltage,  ambient  temperature,  and  the  thermal  re- 
sistance of  the  regulator,  junction-to-case  (9jc).  The 
LT1185  has  two  separate  values  for  9jc;  one  for  the  power 
transistor  section,  and  a  second,  lower  value  for  the  con- 
trol section.  The  reason  for  two  values  is  that  the  power 
transistor  is  capable  of  operating  at  higher  continuous 
temperatures  than  the  control  circuitry.  At  low  power  lev- 
els, the  two  areas  are  at  nearly  the  same  temperature,  and 
maximum  temperature  is  limited  by  the  control  area.  At 
high  power  levels,  the  power  transistor  will  be  at  a  signif- 
icantly higher  temperature  than  the  control  area  and  its 
maximum  operating  temperature  will  be  the  limiting 
factor. 

To  calculate  heatsink  requirements,  you  must  solve  a  ther- 
mal resistance  formula  twice,  one  for  the  power  transistor 
and  one  for  the  control  area.  The  lowest  value  obtained  for 
heatsink  thermal  resistance  must  be  used.  In  these  equa- 
tions, two  values  for  maximum  junction  temperature  and 
junction-to-case  thermal  resistance  are  used,  as  given  in 
the  Electrical  Specifications. 

eHS=TiMAx-TAMAX_9,c_ecHs 

0hs  =  Maximum  heatsink  thermal  resistance. 
9jc  =  LT1 185  junction-to-case  thermal  resistance. 
9chs  =  Case  to  heatsink  (interface)  thermal  resistance, 

including  any  insulating  washers. 
TjMAX  =  LT1185  maximum  operating  junction  temperature. 
Tamax  =  Maximum  ambient  temperature  in  customers 
application. 
P  =  Device  dissipation  , 
=(Vin-Vout)(Iout)  +  ^(Vin). 


Example  —  A  commercial  version  of  the  LT1 185  in  the  TO- 
220  package  is  to  be  used  with  a  maximum  ambient  tem- 
perature of  60°C.  Output  voltage  is  5V  at  2A.  Input  voltage 
can  vary  from  6V  to  10V.  Assume  an  interface  resistance  of 
1°C/W. 

First  solve  for  control  area,  where  the  maximum  junction 
temperature  is  125°C  for  the  TO-220  package,  and 
ejC  =  10C/W 

P  =  (10V-5V)(2A)  +  ^(10V)  =  10.5W 

9Hs  = 1 25°^  ~^°°C  - 1  °C/W  - 1  °C/W  =  4.2°C/W 

Next,  solve  for  power  transistor  limitation,  with  T]max  = 
150°C,  9jC  =  3°C/W 

eHS=15M_3_i  =  4.6oC/w 


The  lowest  number  must  be  used,  so  heatsink  resistance 
must  be  less  than  4.2°C/W. 

Some  heatsink  datasheets  show  graphs  of  heatsink 
temperature  rise  vs  power  dissipation  instead  of  listing  a 
value  for  thermal  resistance.  The  formula  for  9hs  can  be 
rearranged  to  solve  for  maximum  heatsink  temperature 
rise; 

AThs  =  TjMAX  -  TAMAX  -  P(9jC  +  OCHS) 

Using  numbers  from  the  previous  example; 

AThs = 125°C  -  60  - 10.5  (1  + 1)  =  44°C  control  section 
AThs  =  150°C -60- 10.5(3  + 1)  =  48°C  power  transistor 

The  smallest  rise  must  be  used,  so  heatsink  temperature 
rise  must  be  less  than  44°C  at  a  power  level  of  10.5W. 

For  board  level  applications,  where  heatsink  size  may  be 
critical,  one  is  often  tempted  to  use  a  heatsink  which 
barely  meets  the  requirements.  This  is  permissible  if 
correct  assumptions  were  made  concerning  maximum 
ambient  temperature  and  power  levels.  One  complicating 
factor  is  that  local  ambient  temperature  may  be  somewhat 
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higher  because  of  the  point  source  of  heat.  The  conse- 
quences of  excess  junction  temperature  include  poor 
reliability,  especially  for  plastic  packages,  and  the  possi- 
bility of  thermal  shutdown  or  degraded  electrical  charac- 
teristics. The  final  design  should  be  checked  in  situ  with  a 
thermocouple  attached  to  the  regulator  case  under  worst 
case  conditions  of  high  ambient,  high  input  voltage,  and 
full  load. 

What  About  Overloads? 

IC  regulators  with  thermal  shutdown,  like  the  LT1185,  al- 
low heatsink  designs  which  concentrate  on  worst  case 
"normal"  conditions  and  ignore  "fault"  conditions.  An 
output  overload  or  short  may  force  the  regulator  to  exceed 
its  maximum  junction  temperature  rating,  but  thermal 
shutdown  is  designed  to  prevent  regulator  failure  under 
these  conditions.  A  word  of  caution  however;  thermal 
shutdown  temperatures  are  typically  175°C  in  the  control 
portion  of  the  die  and  180°C-225°C  in  the  power  transistor 
section.  Extended  operation  at  these  temperatures  can 
cause  permanent  degradation  of  plastic  encapsulation. 
Designs  which  may  be  subjected  to  extended  periods  of 
overload  should  either  use  the  hermetic  TO-3  package  or 
increase  heatsink  size.  Foldback  current  limiting  can  be 
implemented  to  minimize  power  levels  under  fault 
conditions. 

EXTERNAL  CURRENT  LIMIT 

The  LT1185  requires  a  resistor  to  set  current  limit.  The 
value  of  this  resistor  is  15kU  divided  by  the  desired  current 
limit  (in  amps).  The  resistor  for  2A  current  limit  would  be 
15kfi/2A  =  7.5kQ.  Tolerance  over  temperature  is  +10%,  so 
current  limit  is  normally  set  15%  above  maximum  load 
current.  Foldback  limiting  can  be  employed  if  short  circuit 
currents  must  be  lower  than  full  load  current.  (See  Typical 
Applications.) 

The  LT1185  has  internal  current  limiting  which  will  over- 
ride external  curent  limit  if  power  in  the  pass  transistor  is 


excessive.  The  internal  limit  is  =3.6A  with  a  foldback 
characteristic  which  is  dependent  on  input-output  voltage, 
not  output  voltage  per  se.  (See  Typical  Performance 
Characteristics.) 

GROUND  PIN  CURRENT 

Ground  pin  current  for  the  LT1185  is  approximately  2mA 
plus  Iout/40.  At  louT=3A,  ground  pin  current  is  typically 
2mA  +  3/40  =  77mA.  Worst  case  guarantees  on  the  ratio  of 
Iout  to  ground  pin  current  are  contained  in  the  Electrical 
Specifications. 

Ground  pin  current  can  be  important  for  two  reasons.  It 
adds  to  power  dissipation  in  the  regulator  and  it  can  affect 
load/line  regulation  if  a  long  line  is  run  from  the  ground  pin 
to  load  ground.  The  additional  power  dissipation  is  found 
by  multiplying  ground  pin  current  by  input  voltage.  In  a 
typical  example,  with  Vin  =  8V,  Vout=5V,  and  Iout = 2A, 
the  LT1 185  will  dissipate  (8V-5V)(2A)  =  6W  in  the  pass  tran- 
sistor and  (2A/40)(8V)  =  0.4W  in  the  internal  drive  circuitry. 
This  is  only  a  1.5%  efficiency  loss,  and  a  6.7%  increase  in 
regulator  power  dissipation,  but  these  values  will  increase 
at  higher  output  voltages. 

Ground  pin  current  can  affect  regulation  as  shown  in  Fig- 
ure 2.  Parasitic  resistance  in  the  ground  pin  lead  will  cre- 
ate a  voltage  drop  which  increases  output  voltage  as  load 
current  is  increased.  Similarly,  output  voltage  can  de- 
crease as  input  voltage  increases  because  the  "Iout/40" 
component  of  ground  pin  current  drops  significantly  at 
higher  input-output  differentials.  These  effects  are  small 
enough  to  be  ignored  for  local  regulation  applications,  but 
for  remote  sense  applications,  they  may  need  to  be  con- 
sidered. 0.4Q  in  the  ground  lead  could  cause  an  output 
voltage  error  of  up  to  (3A/40)(0.4fi)  =  30mV,  or  0.6%  at 
Vout=5V.  Note  that  if  the  sense  leads  are  connected  as 
shown  in  Figure  2,  with  ra*00,  this  error  is  a  fixed  number 
of  millivolts,  and  does  not  increase  as  a  function  of  DC 
output  voltage. 
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APPLICATION  lOFORmATIOn 


*R1  SHOULD  BECONNECTED  DIRECTLY  TO  GROUND  LEAD,  NOT  TO  THE  LOAD,  SO  THAT 
ra  .00.  THIS  LIMITS  THE  OUTPUT  VOLTAGE  ERROR  TO  (IgndI  W.  ERRORS  CREATED  BY  ra 
ARE  MULTIPLIED  BY  (1  +  R2JR1).  NOTE  THAT  V0UT  INCREASESWJH  INCREASING  GROUND 
PIN  CURRENT.  R2  SHOULD  BE  CONNECTED  DIRECTLYTO  LOAD  FOR  REMOTE  SENSING. 


Figure  2.  Proper  Connection  of  Positive  Sense  Lead 


SHUTDOWN  TECHNIQUES 

The  LT1185  can  be  shut  down  by  open-circuiting  the  REF 
pin.  The  current  flowing  into  this  pin  must  be  less  than  VA 
to  guarantee  shutdown.  Figure  3  details  several  ways  to 
create  the  "open"  condition,  with  various  logic  levels.  For 
variations  on  these  schemes,  simply  remember  that  the 
voltage  on  the  REF  pin  is  2.4V  negative  with  respect  to  the 
ground  pin. 

OUTPUT  OVERSHOOT 

Very  high  input  voltage  slew  rate  during  startup  may 
cause  the  LT1185  output  to  overshoot.  Up  to  20%  over- 
shoot could  occur  with  input  voltage  ramp-up  rate  exceed- 
ing 1  V//»s.  This  condition  cannot  occur  with  normal  50Hz  to 
400Hz  rectified  AC  inputs  because  parasitic  resistance 
and  inductance  will  limit  rate  of  rise  even  if  the  power 
switch  is  closed  at  the  peak  of  the  AC  line  voltage.  This  as- 


sumes that  the  switch  is  in  the  AC  portion  of  the  circuit.  If 
instead,  a  switch  is  placed  directly  in  the  regulator  input 
so  that  a  large  filter  capacitor  is  precharged,  fast  input 
slew  rates  will  occur  on  switch  closure.  The  output  of  the 
regulator  will  slew  at  a  rate  set  by  current  limit  and  output 
capacitor  size;  dVdt  =  Ilim/Cout-  3.6A  and  2.2*iF  allow  the 
output  to  slew  at  1.6V/ps  and  overshoot  can  occur.  This 
overshoot  can  be  reduced  to  a  few  hundred  millivolts  or 
less  by  increasing  the  output  capacitor  to  %F  and/or  re- 
ducing current  limit  so  that  output  slew  rate  is  held  below 

A  second  possibility  for  creating  output  overshoot  is  re- 
covery from  an  output  short.  Again,  the  output  slews  at  a 
rate  set  by  current  limit  and  output  capacitance.  To  avoid 
overshoot,  the  ratio  Ilim/Cout  should  be  less  than 
0.5  x106.  Remember  that  load  capacitance  can  be  added 
to  Cout  for  this  calculation.  Many  loads  will  have  multiple 
supply  bypass  capacitors  that  total  more  than  Cout- 
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+  SV  Logic,  Positive  Regulated  Output 


4k 


VlN 


VquI 


2.4kt 


■+Vour 


•CMOS  LOGIC 

tFOR  HIGHER  VALUES  OF  Rum.  MAKE  R7  =  (Rum)  (0.6) 


Figure  3.  Shutdown  Techniques 
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fippucATions  ifiFORmfiTion 

THERMAL  REGULATION 

IC  regulators  have  a  regulation  term  not  found  in  discrete 
designs  because  the  power  transistor  is  thermally  coupled 
to  the  reference.  This  creates  a  shift  in  the  output  voltage 
which  is  proportional  to  power  dissipation  in  the  regulator. 

AV0UT  =  P(K1  +  K2eiA) 

=  (l0UT)(V|N-V0UT)(K1  +  K29jA) 

K1  and  K2  are  constants.  K1  is  a  fast  time  constant  effect 
caused  by  die  temperature  gradients  which  are  estab- 
lished within  50ms  of  a  power  change.  K1  is  specified  on 
the  datasheet  as  thermal  regulation,  in  percent  per  watt. 

K2  is  a  long  time  constant  term  caused  by  the  temperature 
drift  of  the  regulator  reference  voltage  it  is  also  specified, 
but  in  percent  per  degree  centigrade.  It  must  be  multiplied 
by  overall  thermal  resistance,  junction-to-ambient,  9jA- 

As  an  example,  assume  a  5V  regulator  with  an  input  volt- 
age of  8V,  load  current  of  2A,  and  a  total  thermal  re- 
sistance of  4°C/W,  including  junction-to-case,  (use  control 
area  specification),  interface,  and  heatsink  resistance.  K1 
and  K2,  respectively,  from  the  datasheet  are  0.014%/W 
and  0.01  %/°C. 


AVouT  =  (2A)  (8V-5V)  (0.01 4  +  0.01  •  4) 
=  0.32% 

This  shift  in  output  voltage  could  be  in  either  direction  be- 
cause K1  and  K2  can  be  either  positive  or  negative. 

Thermal  regulation  is  already  included  in  the  worst  case 
reference  specification. 

OUTPUT  VOLTAGE  REVERSAL 

Some  IC  regulators  suffer  from  a  latch-up  state  when  their 
output  is  forced  to  a  reverse  voltage  of  as  little  as  one 
diode  drop.  The  latch-up  state  can  be  triggered  without  a 
fault  condition  when  the  load  is  connected  to  an  opposite 
polarity  supply  instead  of  to  ground.  If  the  second  supply 
is  turned-on  first,  it  will  pull  the  output  of  the  first  supply 
to  a  reverse  voltage  through  the  load.  The  first  supply  may 
then  latch-off  when  turned  on.  This  problem  is  particularly 
annoying  because  the  diode  clamps  which  should  always 
be  used  to  protect  against  polarity  reversal  do  not  usually 
stop  the  latch-up  problem. 

The  LT1185  is  designed  to  allow  output  reverse  polarity  of 
several  volts  without  damage  or  latch-up,  so  that  a  simple 
diode  clamp  can  be  used. 
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typical  RppLicnnons 
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TYPICAL  APPUCflTIOnS 


Low  Input  Voltage  Monitor  Tracks  Dropout  Characteristic 


VlN 


"LOW"  FOR  LOW  INPUT 
OUTPUT  SWINGS  FROM  V,N  +  TO  V,N  - 


•3-*26WIRE 

•  'R4  DETERMINES  TRIP  POINT  AT  louT  =  0.  R6  DETERMINES  INCREASE 
OF  TRIP  POINT  AS  louT  INCREASES. 


TRIP  POINT  FOR  ViN=Vout    1  + 


R4»R7\ 
R3  •  R6  J 


-  (OUT 


R5-R7 

R6 


FOR  VALUES  SHOWN,  TRIP  POINT  FOR  V|N  IS 

Vout + 0.37V  AT  louT = 0,  AND  VouT  +  1.18VATIout  =  3A 
tDO  NOT  SUBSTITUTE.  OP  AMP  MUST  HAVE  COMMON  MODE 
RANGE  EQUAL  TO  NEGATIVE  SUPPLY. 


Time  Delayed  Startup 


Delay  Time 


C2. 
2.2,F" 


VlN 


■ :  RlimT 


VlN 


R1 

2.37k 


-C1 

:2.2,F  Vout 
TANT 


ALL  DIODES  1N4148 

•SEE  CHART  FOR  DELAY  TIME  VERSUS  (C3)  (R3//RL|M)  PRODUCT. 

"FOR  LONG  DELAYTIMES,  REPLACE  D2  WITH  2N3906 TRANSISTOR  AND  USE  R3  ONLY  FOR 
CALCULATING  DELAY  TIME.  R3  CAN  INCREASE  TO  100kil. 

tlUM  IS  -  11kQ/RLIM,  INSTEAD  OF  15kO.  BECAUSE  OF  VOLTAGE  DROP  IN  D1.  TEMPERATURE 
COEFFICIENT  OF  lUM  WILL  BE  >  +  0.11%;«C,  SO  ADEQUATE  MARGIN  MUST  BE  ALLOWED 
FOR  COLD  OPERATION. 

t03  PROVIDES  FAST  RESET  OF  TIMING.  INPUT  MUST  DROP  TO  A  LOW  VALUE  TO  RESET  TIMING. 


10  20 
INPUT  VOLTAGE(V) 


•t  =  (R3/RuMKC3| 


_  I  R3-RLIM  \ 
"  \R3+RUM/ 


!C3) 
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Logic  Controlled  3A  Low  Side  Switch  with  Fault  Protection 


Improved  High  Frequency  Ripple  Rejection 


C3  IMPROVES  HIGH  FREQUENCY  RIPPLE  REJECTION  BY  MB  AT  VouT  =  5V.  AND  BY  14dB  AT 
Vqut  =  12V.  Cl  IS  INCREASED  TO  4  7,F  TO  ENSURE  GOOD  LOOP  STABILITY  WHEN  C3  IS  USED 


Lin^AE  INDEX 

TECHNOLOGY  NNUtA 


SECTION  4— POWER  PRODUCTS 

POWER  AND  MOTOR  CONTROL 

LT1158,  Half  Bridge  N-Channel  Power  MOSFET  Driver  4-102 

LT1241-45,  High  Speed  Current  Mode  Pulse  Width  Modulators  4-122 

LT1246,  1MHz  Off-Line  Current  Mode  PWM  4-134 

 4-145 


LT1432,  SVHigh  Efficiency  Step-Down  Switching  Regulator  Controller  
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Jm^mJ  TECHNOLOGY 


F€fiTUR€S 

■  Drives  Gate  of  Top  Side  MOSFET  Above  V+ 

■  Operates  at  Supply  Voltages  from  5V  to  30V 

■  150ns  Transition  Times  Driving  3000pF 

■  Adaptive  Non-Overlap  Gate  Drives 

■  Continuous  Current  Limit  Protection 

■  Auto  Shutdown  and  Retry  Capability 

■  Internal  Charge  Pump  for  DC  Operation 

■  Built-in  Gate  Voltage  Protection 

■  Compatible  with  Current-Sensing  MOSFETs 

■  TTL/CMOS  Input  Levels 

■  Fault  Output  Indication 

nppiKOTions 

■  PWM  of  High  Current  Inductive  Loads 

■  Half  Bridge  and  Full  Bridge  Motor  Control 

■  Synchronous  Step-Down  Switching  Regulators 

■  Three-Phase  Brushless  Motor  Drive 

■  High  Current  Transducer  Drivers 

■  Battery  Operated  Logic-Level  MOSFETs 


 LT1158 

Half  Bridge  N-Channel 
Power  MOSFET  Driver 

DCSCMPTIOn 

A  single  input  pin  on  the  LT1 1 58  synchronously  controls 
two  N-channel  power  MOSFETs  in  a  totem  pole  configura- 
tion. Unique  adaptive  protection  against  shoot-through 
currents  eliminates  all  matching  requirements  for  the  two 
MOSFETs.  This  greatly  eases  the  design  of  high  efficiency 
motor  control  and  switching  regulator  systems. 

A  continuous  current  limit  loop  in  the  LT1158  regulates 
short-circuit  current  in  the  top  power  MOSFET.  Higher 
start-up  currents  are  allowed  as  long  as  the  MOSFET  VDs 
does  not  exceed  1 .2V.  By  returning  the  fault  output  to  the 
enable  input,  the  LT1 158  will  automatically  shut  down  in 
the  event  of  a  fault  and  retry  when  an  internal  pullup 
current  has  recharged  the  enable  capacitor. 

An  on-chip  charge  pump  is  switched  in  when  needed  to 
turn  on  the  top  N-channel  MOSFET  continuously.  Special 
circuitry  ensures  that  the  top  side  gate  drive  is  safely 
maintained  in  the  transition  between  PWM  and  DC  opera- 
tion. The  gate  to  source  voltages  are  internally  limited  to 
1 4.5V  when  operating  at  higher  supply  voltages. 
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absolute  mnximum  Rnunos 

Supply  Voltage  (Pins  2,10)  36V 

Boost  Voltage  (Pin  16)  56V 

Continuous  Output  Currents  (Pins  1,  9, 15)  100mA 

Sense  Voltages  (Pins  11,12)  -5V  to  V++5V 

Top  Source  Voltage  (Pin  1 3)  -5V  to  V++5V 

Boost  to  Source  Voltage  (V16  -  V13)  -0.3V  to  20V 

Operating  Temperature  Range 

LT1158C  0°Cto  70°C 

LT1158I  -40°C  to  85°C 

Junction  Temperature  (Note  1) 

LT1158C  125°C 

LT1158I  150°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


LT1158 


PRCKRG€/ORD€R  inFORfTIRTIOn 
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€L€CTRICRL  CHRRRCT€RISTICS  Test  Circuit,  TA  =  25°C,  V+  =  V16  =  12V,  V11  =  V12  =  V13  =  0V,  Pins  1  and  4 
open,  Gate  Feedback  pins  connected  to  Gate  Drive  pins  unless  otherwise  specified. 





I  

LT1158I 

LT1158C 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

I2  +  I10 

DC  Supply  Current  (Note  2) 

V*  =  30V,  V16  =  15V,  V4  =  0.5V 

2.2 

3 

2.2 

3 

mA 

V+  =  30V,  V16  =  15V,  V6  =  0.8V 

4.5 

7 

10 

4.5 

7 

10 

mA 

V+=30V,  V16  =  15V,V6  =  2V 

8 

13 

18 

8 

13 

18 

mA 

Il6 

Boost  Current 

V+  =  V13  =  30V,  V16  =  45V,  V6  =  0.8V 

3 

4.5 

3 

4.5 

mA 

V6 

Input  Threshold 

• 

C.S 

1.4 

2 

0.8 

1.4 

2 

V 

l< 

Input  Current 

V6  =  5V 

• 

5 

15 

5 

15 

uA 

V4 

Enable  Low  Threshold 

V6  =  0.8V,  Monitor  V9 

• 

0.9 

1.15 

1.4 

0.85 

1.15 

1.4 

V 

AV4 

Enable  Hysteresis 

V6  =  0.8V,  Monitor  V9 

• 

1.3 

1.5 

1.7 

1.2 

1.5 

1.8 

V 

14 

Enable  Pullup  Current 

V4  =  0V 

• 

15 

25 

35 

15 

25 

35 

MA 

V15 

Charge  Pump  Voltage 

V*  =  5V,  V6  =  2V,  Pin  16  open,  V13  -  5V 

• 

9 

11 

9 

11 

V 

V*  =  30V,  V6  =  2V,  Pin16  open,  V13  -  30V 

• 

40 

43 

47 

40 

43 

47 

V 

V9 

Bottom  Gate  "ON"  Voltage 

V+  =  V16  =  18V,  V6  =  0.8V 

• 

12 

14.5 

17 

12 

14.5 

17 

V 

V1 

Boost  Drive  Voltage 

V*  =  V16  =  18V,  V6  =  0.8V,  100mA  Pulsed  Load 

• 

12 

14.5 

17 

12 

14.5 

17 

V 

4-' 
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€l€CTRICni  CHRRRCT6RIST1CS  Test  Circuit,  TA  = 

open,  Gate  Feedback  pins  connected  to  Gate  Drive  pins  unless  otherwise  specified. 


i  =  12V,  V11  =  V12  =  V13  =  OV,  Pins  1  and  4 


SYMBOL 

PARAMETER 

CONDITIONS 

1  T-1  -1  COI 

Llllbol 
MIN     TYP  MAX 

LNlbol 
MIN   TYP  MAX 

UNITS 

V14-V13 

Top  Turn-Off  Threshold 

V+  =  V16  =  5V,  V6  =  0.8V 

1       1.75  2.5 

1     1.75  2.5 

V 

V8 

Bottom  Turn-Off  Threshold 

V+  =  V16  =  5V,  V6  =  2V 

1       1.5  2 

1      1.5  2 

V 

■5 

Fault  Output  Leakage 

V+  =  30V,  V16=15V,  V6  =  2V 

• 

0.1  1 

0.1  1 

uA 

V5 

Fault  Output  Saturation 

V+  =  30V,  V16  =  15V,  V6  =  2V,  15  =  10mA 

0.5  1 

0.5  1 

V 

V12-V11 

Fault  Conduction  Threshold 

V+  =  30V,  V16  =  15V,V6  =  2V,  l5  =  100pA 

90      110  130 

85     110  135 

mV 

V12-V11 

Current  Limit  Threshold 

V+  =  30V,  V16  =  15V,  V6  =  2V,  Closed  Loop 

• 

130     150  170 
120  180 

120    150  180 
120  180 

mV 
mV 

V12-V11 

Current  Limit  Inhibit 
VDs  Threshold 

V+  =  V1 2  =  1 2V,  V6  =  2V,  Decrease  V1 1 
until  V15  goes  low 

1.1      1.25  1.4 

1.1    1.25  1.4 

V 

tR 

Top  Gate  Rise  Time 

Pin  6  (+)  Transition,  Meas.  V15-  V13  (Note  3) 

• 

130  250 

130  250 

ns 

to 

Top  Gate  Turn-Off  Delay 

Pin  6  (-)  Transition,  Meas.  V15-V13  (Note  3) 

• 

350  550 

350  550 

ns 

tf 

Top  Gate  Fall  Time 

Pin  6  (-)  Transition,  Meas.  V1 5  -  V1 3  (Note  3) 

• 

120  250 

120  250 

ns 

tR 

Bottom  Gate  Rise  Time 

Pin  6  (-)  Transition,  Meas.  V9  (Note  3) 

• 

130  250 

130  250 

ns 

to 

Bottom  Gate  Turn-Off  Delay 

Pin  6  (+)  Transition,  Meas.  V9  (Note  3) 

• 

200  400 

200  400 

ns 

tf 

Bottom  Gate  Fall  Time 

Pin  6  (+)  Transition,  Meas.  V9  (Note  3) 

• 

100  200 

100  200 

ns 

The  •  denotes  specifications  that  apply  over  the  full  operating 
temperature  range. 

Note  1:  Tj  is  calculated  from  the  ambient  temperature  TA  and  power 
dissipation  PD  according  to  the  following  formulas: 
LT1 1 58IN,  LT1 1 58CN:  Tj  =  TA  +  (PD  x  70°C/W) 
LT1 1 58IS,  LT1 1 58CS:  T,  =  TA  +  (P„  x  1 10°C/W) 


Note  2:  Dynamic  supply  current  is  higher  due  to  the  gate  charge  being 
delivered  at  the  switching  frequency.  See  typical  performance 
characteristics  and  applications  information. 
Note  3:  Gate  rise  times  are  measured  from  2V  to  10V,  delay  times  are 
measured  from  the  input  transition  to  when  the  gate  voltage  has 
decreased  to  10V,  and  fall  times  are  measured  from  10V  to  2V. 
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pin  Funcnons 

Pin  1  (Boost  Drive):  Recharges  and  clamps  the  bootstrap 
capacitor  to  1 4.5V  higherthan  pin  1 3  via  an  external  diode. 

Pin2(V+):  Main  supply  pin;  must  be  closely  decoupled  to 
the  ground  pin  7. 

Pin  3  (Bias):  Decouple  point  for  the  internal  2.6V  bias 
generator.  Pin  3  cannot  have  any  external  DC  loading. 

Pin  4  (Enable):  When  left  open,  the  LT1158  operates 
normally.  Pulling  pin  4  low  holds  both  MOSFETs  off 
regardless  of  the  input  state. 

Pin  5  (Fault):  Open  collector  NPN  output  which  turns  on 
when  V12  -  V1 1  exceeds  the  fault  conduction  threshold. 

Pin  6  (Input):  Taking  pin  6  high  turns  the  top  MOSFET  on 
and  bottom  MOSFET  off;  pin  6  low  reverses  these  states. 
An  input  latch  captures  each  low  state,  ignoring  an  ensu- 
ing high  until  pin  13  has  gone  below  2.6V. 

Pin  8  (Bottom  Gate  Feedback):  Must  connect  directly  to 
the  bottom  power  MOSFET  gate.  The  top  MOSFET  turn- 
on  is  inhibited  until  pin  8  has  discharged  to  1 .5V.  A  hold- 
on  current  source  also  feeds  the  bottom  gate  via  pin  8. 

Pin  9  (Bottom  Gate  Drive):  The  high  current  drive  point 
for  the  bottom  MOSFET.  When  a  gate  resistor  is  used,  it  is 
inserted  between  pin  9  and  the  gate  of  the  MOSFET. 


Pin  10  (V+):  Bottom  side  driver  supply;  must  be  con- 
nected to  the  same  supply  as  pin  2. 

Pin  11  (Sense  Negative):  The  floating  reference  for  the 
current  limit  comparator.  Connects  to  the  low  side  of  a 
current  shunt  or  Kelvin  lead  of  a  current-sensing  MOSFET. 
When  pin  1 1  is  within  1 .2V  of  V+,  current  limit  is  inhibited. 

Pin  12  (Sense  Positive):  Connects  to  the  high  side  of  the 
current  shunt  or  sense  lead  of  a  current-sensing  MOSFET. 
A  built-in  offset  between  pins  11  and  12  in  conjunction 
with  Rsense  sets  the  top  MOSFET  short-circuit  current. 

Pin  13  (Top  Source):  Top  side  driver  return;  connects  to 
MOSFET  source  and  low  side  of  the  bootstrap  capacitor. 

Pin  14  (Top  Gate  Feedback):  Must  connect  directly  to  the 
top  power  MOSFET  gate.  The  bottom  MOSFET  turn-on  is 
inhibited  until  V14  -  V13  has  discharged  to  1 75V.  An  on- 
chip  charge  pump  also  feeds  the  top  gate  via  pin  14. 

Pin  15  (Top  Gate  Drive):  The  high  current  drive  point  for 
the  top  MOSFET.  When  a  gate  resistor  is  used,  it  is  inserted 
between  pin  1 5  and  the  gate  of  the  MOSFET. 

Pin  16  (Boost):  Top  side  driver  supply;  connects  to  the 
high  side  of  the  bootstrap  capacitor  and  to  a  diode  either 
from  supply  (V+  <  1 0V)  or  from  pin  1  (V+  >  1 0V). 
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(Refer  to  Functional  Diagram) 

The  LT1 1 58  self-enables  viaan  internal  25u.A  pullup  on  the 
enable  pin  4.  When  pin  4  is  pulled  down,  much  of  the  input 
logic  is  disabled,  reducing  supply  currentto  2mA.  With  pin 
4  low,  the  input  state  is  ignored  and  both  MOSFET  gates 
are  actively  held  low.  With  pin  4  enabled,  one  or  the  other 
of  the  2  MOSFETs  is  turned  on,  depending  on  the  state  of 
the  input  pin  6:  high  for  top  side  on,  and  low  for  bottom 
side  on.  The  1.4V  input  threshold  is  regulated  and  has 
200mV  of  hysteresis. 

In  orderto  allow  operation  over  5Vto  30V  nominal  supply 
voltages,  an  internal  bias  generator  is  employed  to  furnish 
constant  bias  voltages  and  currents.  The  bias  generator  is 
decoupled  at  pin  3  to  eliminate  any  effects  from  switching 
transients.  No  DC  loading  is  allowed  on  pin  3. 

The  top  and  bottom  gate  drivers  in  the  LT1 1 58  each  utilize 
two  gate  connections:  1 )  A  gate  drive  pin,  which  provides 
the  turn-on  and  turn-off  currents  through  an  optional 
series  gate  resistor;  and  2)  A  gate  feedback  pin  which 
connectsdirectlyto  the  gate  to  monitorthe  gate-to-source 


Whenever  there  is  an  input  transition  on  pin  6,  the  LT1 1 58 
follows  a  logical  sequence  to  turn  off  one  MOSFET  and 
turn  on  the  other.  First,  turn-off  is  initiated,  then  VGS  is 
monitored  until  it  has  decreased  belowthe  turn-off  thresh- 
old, and  finally  the  other  gate  is  turned  on.  An  input  latch 
gets  reset  by  every  low  state  at  pin  6,  but  can  only  be  set 
if  the  top  source  pin  has  gone  low,  indicating  thatthere  will 
be  sufficient  charge  in  the  bootstrap  capacitor  to  safely 
turn  on  the  top  MOSFET. 

In  order  to  conserve  power,  the  gate  drivers  only  provide 
turn-on  current  for  up  to  2us,  set  by  internal  one-shot 
circuits.  Each  LT1158  driver  can  deliver  500mA  for  2u.s, 
or  1 0OOnC  of  gate  charge  -  more  than  enough  to  turn  on 
multiple  MOSFETs  in  parallel.  Once  turned  on,  each  gate  is 
held  high  by  a  DC  gate  sustaining  current:  the  bottom  gate 
by  a  100u.A  current  source,  and  thetop  gate  by  an  on-chip 
charge  pump  running  at  approximately  500kHz. 

The  floating  supply  for  the  top  side  driver  is  provided  by 
a  bootstrap  capacitor  between  the  boost  pin  16  and  top 
source  pin  13. 
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13  goes  low  in  PWM  operation,  and  is  maintained  by  the 
charge  pump  when  the  top  MOSFET  is  on  DC.  A  regulated 
boost  driver  at  pin  1  employs  a  source-referenced  15V 
clamp  that  prevents  the  bootstrap  capacitor  from  over- 
charging regardless  of  V+  or  output  transients. 

The  LT1 158  providesacurrent  sense  comparatorandfault 
output  circuitforprotectionofthetop  power  MOSFET.  The 


comparator  input  pins  11  and  12  are  normally  connected 
across  a  shunt  in  the  source  of  the  top  power  MOSFET  (or 
to  a  current-sensing  MOSFET).  When  pin  1 1  is  more  than 
1.2V  below  V+and  V12-V11  exceeds  the  1 1 0mV  offset, 
fault  pin  5  begins  to  sink  current.  During  a  short  circuit,  the 
feedback  loop  regulates  V12  -  V11  to  150mV,  thereby 
limiting  the  top  MOSFET  current. 


nppucmrions  inFOftmmion 

Power  MOSFET  Selection 

Since  the  LT1158  inherently  protects  the  top  and  bottom 
MOSFETs  from  simultaneous  conduction,  there  are  no 
size  or  matching  constraints.  Therefore  selection  can  be 
made  based  on  the  operating  voltage  and  Rds(ON) 
requirements.  The  MOSFET  BVpss  should  be  at  least 
2  x  VsupplYi  and  should  be  increased  to  3  x  Vsupply  in 
harsh  environments  with  frequent  fault  conditions.  Forthe 
LT1158  maximum  operating  supply  of  30V,  the  MOSFET 
BVDSS  should  be  from  60V  to  100V. 

The  MOSFET  P>ds(ON)  is  specified  at  Tj  =  25°C  and  is 
generally  chosen  based  on  the  operating  efficiency  re- 
quired as  long  as  the  maximum  MOSFET  junction  tem- 
perature is  not  exceeded.  The  dissipation  in  each  MOSFET 
is  given  by: 


'=D(iDs)2(i+a)RDs(oN) 


where  D  is  the  duty  cycle  and  is  the  increase  in  Rds(ON) 
at  the  anticipated  MOSFET  junction  temperature.  From 
this  equation  the  required  Rds(ON)  can  be  derived: 


R 


ds(om) 


d(iDS)  (1  +  3) 


For  example,  if  the  MOSFET  loss  is  to  be  limited  to  2W 
when  operating  at  5A  and  a  90%  duty  cycle,  the  required 
Rds(ON)  would  be  89m  /(1  +  ).  (1  +  )  is  given  for  each 
MOSFET  in  the  form  of  a  normalized  Rds(ON)  vs-  tempera- 


ture curve,  but  =  0.007/°C  can  be  used  as  an  approxima- 
tion for  low  voltage  MOSFETs.  Thus  if  TA=  85°C  and  the 
available  heat  sinking  has  a  thermal  resistance  of  20°C/W, 
the  MOSFET  junction  temperature  will  be  125°C,  and 
=  0.007(1 25  -  25)  =  0.7.  This  means  that  the  required 
Rds(on)  of  the  MOSFET  will  be  89m  /1.7  =  52.3m  , 
which  can  be  satisfied  by  an  IRFZ34. 

Note  that  these  calculations  are  for  the  continuous  oper- 
ating condition;  power  MOSFETs  can  sustain  far  higher 
dissipations  during  transients.  Additional  Rds(ON)  con- 
straints are  discussed  under  Starting  High  In-Rush  Cur- 
rent Loads. 


Paralleling  MOSFETs 


RG:  OPTIONAL  10a 

Figure  1.  Paralleling  MOSFETs 


When  the  above  calculations  result  in  a  lower  Rds(ON)  than 
is  economically  feasible  with  a  single  MOSFET,  two  or 
more  MOSFETs  can  be  paralleled.  The  MOSFETs  will 
inherently  share  the  currents  according  to  their  Rds(on) 
ratio.  The  LT1158  top  and  bottom  drivers  can  each  drive 
four  power  MOSFETs  in  parallel  with  only  a  small  loss  in 
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switching  speeds  (see  Typical  Performance  Characteris- 
tics). Individual  gate  resistors  may  be  required  to 
"decouple"  each  MOSFET  from  its  neighbors  to  prevent 
high  frequency  oscillations  -  consult  manufacturer's  rec- 
ommendations. If  individual  gate  decoupling  resistors  are 
used,  the  gate  feedback  pins  can  be  connected  to  any  one 
of  the  gates. 

Driving  multiple  MOSFETs  in  parallel  may  restrict  the 
operating  frequency  at  high  supply  voltages  to  prevent 
over-dissipation  in  the  LT1158  (see  Gate  Charge  and 
Driver  Dissipation  below).  When  the  total  gate  capaci- 
tance exceeds  10,000pF  on  the  top  side,  the  bootstrap 
capacitorshould  be  increased  proportionally  aboveO.luf. 

Gate  Charge  and  Driver  Dissipation 

A  useful  indicator  of  the  load  presented  to  the  driver  by  a 
power  MOSFET  isthe  total  gate  charge  Qq,  which  includes 
the  additional  charge  required  by  the  gate-to-drain  swing. 
Qq  is  usually  specified  for  Vqs = 1 0Vand  Vqs = 0.8VDs(max)- 

When  the  supply  current  is  measured  in  a  switching 
application,  it  will  be  larger  than  given  by  the  DC  electrical 
characteristics  because  of  the  additional  supply  current 
associated  with  sourcing  the  MOSFET  gate  charge: 


=  IDC  + 


dt 


'dQ,  A 


TOP 


dt 


BOTTOM 


The  actual  increase  in  supply  current  is  slightly  higher  due 
to  LT1 1 58  switching  losses  and  the  fact  that  the  gates  are 
being  charged  to  more  than  10V.  Supply  current  vs. 
switching  frequency  is  given  in  the  Typical  Performance 
Characteristics. 

The  LT1158  junction  temperature  can  be  estimated  by 
using  the  equations  given  in  Note  1  of  the  electrical 
characteristics.  For  example,  the  LT1158SI  is  limited  to 
less  than  25mA  from  a  24V  supply: 

Tj  =  85°C  +  (25mA  x  24V  x  1 1 0°C/W) 
=  151°C  exceeds  absolute  maximum 

In  order  to  prevent  the  maximum  junction  temperature 
from  being  exceeded,  the  LT1 1 58  supply  current  must  be 


checked  with  the  actual  MOSFETs  operating  at  the  maxi- 
mum switching  frequency. 

MOSFET  Gate  Drive  Protection 

For  supply  voltages  of  over  8V,  the  LT1158  will  protect 
standard  N-channel  MOSFETs  from  under  or  over  voltage 
gate  drive  conditions  forany  input  duty  cycle  including  DC. 
Gate-to-source  zener  clamps  are  not  required  and  not 
recommended  since  they  can  reduce  operating  efficiency. 

A  discontinuity  in  tracking  between  the  output  pulse  width 
and  input  pulse  width  may  be  noted  as  the  top  side 
MOSFET  approaches  100%  duty  cycle.  As  the  input  low 
signal  becomes  narrower,  it  may  become  shorterthan  the 
time  required  to  recharge  the  bootstrap  capacitor  to  a  safe 
voltage  for  the  top  side  driver.  Below  this  duty  cycle  the 
output  pulse  width  will  stop  tracking  the  input  until  the 
input  low  signal  is  <1 00ns,  at  which  point  the  output  will 
jump  to  the  DC  condition  of  top  MOSFET  "on"  and  bottom 
MOSFET  "off." 

Low  Voltage  Operation 

The  LT1 1 58  can  operate  from  5V  supplies  (4.5V  min.)  and 
in  6V  battery-powered  applications  by  using  logic-level 
N-channel  power  MOSFETs.  These  MOSFETs  have  2V 
maximum  threshold  voltages  and  guaranteed  Rds(ON) 
limits  at  VGS  =  4V.  The  switching  speed  of  the  LT1158, 
unlike  CMOS  drivers,  does  not  degrade  at  low  supply 
voltages.  For  operation  down  to  4.5V,  the  boost  pin  should 
be  connected  as  shown  in  Figure  2  to  maximize  gate  drive 
to  the  top  side  MOSFET.  Supply  voltages  over  1 0V  should 
not  be  used  with  logic-level  MOSFETs  because  of  their 
'  maximum  gate-to-source  voltage  rating. 
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Figure  2.  Low  Voltage  Operation 
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Ugly  Transient  Issues 

In  PWM  applications  the  drain  current  of  the  top  MOSFET 
is  a  square  wave  at  the  input  frequency  and  duty  cycle.  To 
prevent  large  voltage  transients  at  the  top  drain,  a  low  ESR 
electrolytic  capacitor  must  be  used  and  returned  to  the 
power  ground.  The  capacitor  is  generally  in  the  range  of 
250u.F  to  5000uF  and  must  be  physically  sized  for  the 
RMS  current  flowing  in  the  drain  to  prevent  heating  and 
premature  failure.  In  addition,  the  LT1158  requires  a 
separate  10juF  capacitor  connected  closely  between  pins 
2  and  7. 

The  LT1158  top  source  and  sense  pins  are  internally 
protected  against  transients  below  ground  and  above 
supply.  However,  the  gate  drive  pins  cannot  be  forced 
below  ground.  In  most  applications,  negative  transients 
coupled  from  the  source  to  the  gate  of  the  top  MOSFET  do 
not  cause  any  problems.  However  in  some  high  current 
(10A  and  above)  motor  control  applications,  negative 
transients  on  the  top  gate  drive  may  cause  early  tripping 
of  the  current  limit.  A  small  Schottky  diode  (BAT85)  from 
pin  15  to  ground  avoids  this  problem. 

Switching  Regulator  Applications 

The  LT1158  is  ideal  as  a  synchronous  switch  driver  to 
improve  the  efficiency  of  step-down  (buck)  switching 


regulators.  Most  step-down  regulators  use  a  high  current 
Schottky  diode  to  conduct  the  inductor  current  when  the 
switch  is  off.  The  fractions  of  the  oscillator  period  that  the 
switch  is  on  (switch  conducting)  and  off  (diode  conduct- 
ing) are  given  by: 


SWITCH  "ON' 
SWITCH  "OFF"  = 


^VOUTA 


V  vin  ; 

VIN  ~  VOUT 


x  TOTAL  PERIOD 

x  TOTAL  PERIOD 


J 


Note  that  for  Vim  >  2  Vout>  the  switch  is  off  longer  than  it  is 
on,  making  the  diode  losses  more  significant  than  the 
switch.  The  worst  case  for  the  diode  is  during  a  short 
circuit,  when  Vout  approaches  zero  and  the  diode  con- 
ducts the  short  circuit  current  almost  continuosly. 

Figure  3  shows  the  LT1 1 58  used  to  synchronously  drive  a 
pair  of  power  MOSFETs  in  a  step-down  regulator  applica- 
tion, where  the  top  MOSFET  is  the  switch  and  the  bottom 
MOSFET  replaces  the  Schottky  diode.  Since  both  conduc- 
tion paths  have  low  losses,  this  approach  can  result  in  very 
high  efficiency -from  90%  to  95%  in  most  applications. 
And  for  regulators  under  5A,  using  low  Rds(ON)  N-channel 
MOSFETs  eliminates  the  need  for  heatsinks. 


Vout 


Figure  3.  Adding  Synchronous  Switching  to  a  Step-Down  Switching  Regulator 
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Figure  4.  Typical  Efficiency  Curve  for  Step-Down 
Regulator  with  Synchronous  Switch 

One  fundamental  difference  in  the  operation  of  a  step- 
down  regulator  with  synchronous  switching  is  that  it  never 
becomes  discontinuous  at  light  loads.  The  inductor  cur- 
rent doesn't  stop  ramping  down  when  it  reaches  zero,  but 
actually  reverses  polarity  resulting  in  a  constant  ripple 
current  independent  of  load.  This  does  not  cause  any 
efficiency  loss  as  might  be  expected,  since  the  negative 
inductor  current  is  returned  to  V|N  when  the  switch  turns 
back  on. 

The  LT1 1 58  performs  the  synchronous  MOSFET  drive  and 
current  sense  functions  in  a  step-down  switching  regula- 
tor. A  reference  and  PWM  are  required  to  complete  the 
regulator.  Any  voltage-mode  PWM  controller  may  be 
used,  but  the  LT3525  is  particularly  well  suited  to  high 
power,  high  efficiency  applications  such  as  the  1 0A  circuit 
shown  in  Figure  13.  In  higher  current  regulators  a  small 
Schottky  diode  across  the  bottom  MOSFET  helps  to  re- 
duce reverse-recovery  switching  losses. 

The  LT1158  input  pin  can  also  be  driven  directly  with  a 
ramp  or  sawtooth.  In  this  case,  the  DC  level  of  the  input 
waveform  relative  to  the  1 .4V  threshold  sets  the  LT1 1 58 
duty  cycle.  In  the  ultra  low-dropout  5V  circuit  shown  in 
Figure  11,  an  LT1431  controls  the  DC  level  of  a  triangle 
wave  generated  by  a  CMOS  555.  The  Figure  10  and  12 
circuits  use  an  RC  network  to  ramp  the  LT1 1 58  input  back 
up  to  its  1.4V  threshold  following  each  switch  cycle, 
setting  a  constant  off  time.  Figure  4  shows  the  efficiency 
vs.  output  current  for  the  Figure  12  regulator  with  V|N  = 
12V. 


Current  Limit  in  Switching  Regulator  Applications 

Current  is  sensed  by  the  LT1 1 58  by  measuring  the  voltage 
across  a  current  shunt  (low-valued  resistor).  Normally, 
this  shunt  is  placed  in  the  source  lead  of  the  top  MOSFET 
(see  Short-Circuit  Protection  in  Bridge  Applications). 
However,  in  step-down  switching  regulator  applications, 
the  remote  current  sensing  capability  of  the  LT1 158  allows 
the  actual  inductor  current  to  be  sensed.  This  is  done  by 
placing  the  shunt  in  the  output  lead  of  the  inductor  as 
shown  in  Figure  3.  Routing  of  the  sense+  and  sense"  PC 
traces  is  critical  to  prevent  stray  pickup.  These  traces  must 
be  routed  together  at  minimum  spacing  and  use  a  Kelvin 
connection  at  the  shunt. 

When  the  voltage  across  Rsense  exceeds  110mV,  the 
LT1 158  fault  pin  begins  to  conduct.  By  feeding  the  fault 
signal  back  to  a  control  input  of  the  PWM,  the  LT1 1 58  will 
assume  control  of  the  duty  cycle  forming  a  true  current 
mode  loop  to  limit  the  output  current: 

110mV 

l0UT  =   lu"'v  in  current  limit 

RSEI\ISE 

In  LT3525  based  circuits,  connecting  the  fault  pin  to  the 
LT3525  soft-start  pin  accomplishes  this  function.  In  cir- 
cuits where  the  LT1158  input  is  being  driven  with  a  ramp 
or  sawtooth,  the  fault  pin  is  used  to  pull  down  the  DC  level 
of  the  input. 

The  constant  off  time  circuits  shown  in  Figures  10  and  12 
are  unique  in  that  they  also  use  the  current  sense  during 
normal  operation.  The  LT1 431  output  reduces  the  normal 
LT1158  110mV  fault  conduction  threshold  such  that  the 
fault  pin  conducts  at  the  required  load  current,  thus 
discharging  the  input  ramp  capacitor.  In  current  limit  the 
LT1431  output  turns  off,  allowing  the  fault  conduction 
threshold  to  reach  its  normal  value. 

The  resistor  Rqs  shown  in  Figure  3  is  necessary  to  prevent 
output  voltage  overshoot  due  to  charge  coupled  into  the 
gate  of  the  top  MOSFET  by  a  large  startup  dv/dt  on  V|N.  If 
DC  operation  of  the  top  MOSFET  is  required,  Rqs  must  be 
330k  or  greater  to  prevent  loading  the  charge  pump. 


4-112 


LT1158 


nppucOTions  inFORmnnon 

Low  Current  Shutdown 

The  LT1 158  may  be  shutdown  to  a  current  level  of  2mA  by 
pulling  the  enable  pin  4  low.  In  this  state  both  the  top  and 
bottom  MOSFETs  are  actively  held  off  against  any  tran- 
sients which  might  occur  on  the  output  during  shutdown. 
This  is  important  in  applications  such  as  3-phase  DC 
motor  control  when  one  of  the  phases  is  disabled  while  the 
other  two  are  switching. 

If  zero  standby  current  is  required  and  the  load  returns  to 
ground,  then  a  switch  can  be  inserted  into  the  supply  path 
of  the  LT1 158  as  shown  in  Figure  5.  Resistor  Rqs  ensures 
that  the  top  MOSFET  gate  discharges,  while  the  voltage 
across  the  bottom  MOSFET  goes  to  zero.  The  voltage  d  rop 
across  the  P-channel  supply  switch  must  be  less  than 
300mV,  and  Rqs  must  be  330k  or  greater  for  DC  operation. 
Thistechnique  is  not  recommended  forapplications  which 
require  the  LT1158  Vqs  sensing  function. 
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Figure  5.  Adding  Zero  Current  Shutdown 

Short-Circuit  Protection  in  Bridge  Applications 

The  LT1 158  protects  the  top  power  MOSFET  from  output 
shorts  to  ground,  or  in  a  full  bridge  application,  shorts 
across  the  load.  Both  standard  3-lead  MOSFETs  and 
current-sensing  5-lead  MOSFETs  can  be  protected.  The 
bottom  MOSFET  is  not  protected  from  shorts  to  supply. 

Current  is  sensed  by  measuring  the  voltage  across  a 
current  shunt  in  the  source  lead  of  a  standard  3-lead 
MOSFET  (Figure  6).  For  the  current-sensing  MOSFET 


shown  in  Figure  7,  the  sense  resistor  is  inserted  between 
the  sense  and  Kelvin  leads. 

The  sense+  and  sense-  PC  traces  must  be  routed  together 
at  minimum  spacing  to  prevent  stray  pickup,  and  a  Kelvin 
connection  must  be  used  at  the  current  shunt  for  the  3- 
lead  MOSFET.  Using  a  twisted  pair  is  the  safest  approach 
and  is  recommended  for  sense  runs  of  several  inches. 

When  the_yoltage  across  Rsense  exceeds  110mV,  the 
LT1158  fault  pin  begins  to  conduct,  signaling  a  fault 
condition.  The  current  in  a  short  circuit  ramps  very  rapidly, 
limited  only  by  the  series  inductance  and  ultimately  the 
MOSFET  and  shunt  resistance.  Due  to  the  response  time 
of  the  LT1 1 58  current  limit  loop,  an  initial  current  spike  of 
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Figure  6.  Short-Circuit  Protection  with  Standard  MOSFET 
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Figure  7.  Short-Circuit  Protection  with  Current-Sensim 
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from  2  to  5  times  the  final  value  will  be  present  for  a  few 
(jls,  followed  by  an  interval  in  which  Ids  =  0.  The  current 
spike  is  normally  well  within  the  safe  operating  area  (SOA) 
of  the  MOSFET,  but  can  be  further  reduced  with  a  small 
(0.5nH)  inductor  in  series  with  the  output. 


isc 

/ 

5Ms/DIV 


Figure  8.  Top  MOSFET  Short-Circuit  Turn-On  current 

If  neither  the  enable  nor  input  pins  are  pulled  low  in 
response  to  the  fault  indication,  the  top  MOSFET  current 
will  recover  to  a  steady-state  value  lsc  regulated  by  the 
LT1158  as  shown  in  Figure  8: 


value  of  Rsemse  for  the  5-lead  MOSFET  increases  by  the 
current  sensing  ratio  (typically  1000  -  3000),  thus  elimi- 
nating the  need  for  a  low-valued  shunt.  V  is  in  the  range 
of  1 V  to  3V  in  most  applications. 

Assuming  a  dead  short,  the  MOSFET  dissipation  will  rise 
to  Vsupplyx  Isc-  For  example,  with  a  24V  supply  and  Isc 
=  1 0A,  the  dissipation  would  be  240W.  To  determine  how 
long  the  MOSFET  can  remain  at  this  dissipation  level 
before  it  must  be  shut  down,  refer  to  the  SOA  curves  given 
in  the  MOSFET  data  sheet.  For  example,  an  IRFZ34  would 
be  safe  if  shut  down  within  10ms. 

A  Tektronix  A6303  current  probe  is  highly  recommended 
for  viewing  output  fault  currents. 

If  Short-Circuit  Protection  is  Not  Required 

In  applications  which  do  not  require  the  current  sense 
capability  of  the  LT1 1 58,  the  sense  pinsJJ  and  1 2  should 
both  be  connected  to  pin  13,  and  the  fault  pin  5  left  open. 
The  enable  pin  4  may  still  be  used  to  shut  down  the  device. 
Note,  however,  that  when  unprotected  the  top  MOSFET 
can  be  easily  (and  often  dramatically)  destroyed  by  even  a 
momentary  short. 


•sc  = 
H 


150mV 

RSENSE 

=  150mV 


Standard  3-Lead 
MOSFET 


■sc  = 


r(l50mV) 


RSEI\ISE 


RSENSE 
r(l50mV) 


150mV 

AV  J 


v-2 


'sc 


1- 


150mV 

AV  J 


A-2 


5-Lead 
MOSFET 


r  =  current  sense  ratio,  AV  =  VGs  -  VT 

The  time  for  the  current  to  recover  to  Isc  following  the 
initial  current  spike  is  approximately  QGs/0.5mA,  where 
QGs  is  the  MOSFET  gate-to-source  charge.  Isc  need  not  be 
set  higher  than  the  required  startup  current  for  motors 
(see  Starting  High  In-Rush  Current  Loads).  Note  that  the 


Self-Protection  with  Automatic  Restart 

When  using  the  current  sense  circuits  of  Figures  6  and  7, 
local  shutdown  canbeachieved  by  connecting  thefault  pin 
through  resistor  FtF  to  the  enable  pin  as  shown  in  Figure  9. 
An  optional  thermostat  mounted  to  the  load  or  MOSFET 
heatsink  can  also  be  used  to  pull  enable  low. 

An  internal  25|iA  current  source  normally  keeps  the  en- 
able capacitor  CEm  charged  to  the  7.5V  clamp  voltage  (or 
to  V+,  for  V+  <  7.5V).  When  a  fault  occurs,  CEn  is  dis- 
charged to  below  the  enable  low  threshold  (1.15V  typ.) 
which  shuts  down  both  MOSFETs.  When  the  fault  pin  or 
thermostat  releases,  Cen  recharges  to  the  upper  enable 
threshold  where  restart  is  attempted.  In  a  sustained  short 
circuit,  fault  will  again  pull  low  and  the  cycle  will  repeat 
until  the  short  is  removed.  The  time  to  shut  down  for  a  DC 
input  or  thermal  fault  is  given  by: 

^shutdown  =  (1 00  +  0.8RF)  CEN      DC  input 
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Note  that  for  the  first  event  only,  tsnuTDOWN  is  approxi- 
mately twice  the  above  value  since  Cen  is  being  discharged 
all  the  way  from  its  quiescentvoltage.  Allowable  values  for 
Rf  are  from  zero  to  1 0k. 


OPTIONAL  THERMOSTAT 
CLOSE  ON  RISE 
AIRPAX#67FXXX 


Figure  9.  Self-Protection  with  Auto  Restart 

^shutdown  becomes  more  difficult  to  analyze  when  the 
output  is  shorted  with  a  PWM  input.  This  is  because  the 
fault  pin  only  conducts  when  fault  currents  are  actually 
present  in  the  MOSFET.  Fault  does  not  conduct  while  the 
input  is  low  or  during  the  interval  Ids  =  0  in  Figure  8.  Thus 
^shutdown  wi|1  safely  increase  when  the  duty  cycle  of  the 
current  in  the  top  MOSFET  is  low,  maintaining  the  average 
MOSFET  current  at  a  relatively  constant  level. 

The  length  of  time  following  shutdown  before  restart  is 
attempted  is  given  by: 


^RESTART  = 


(  1.5V  A 
,25liA 


CEN=|6x104  |C 


'EN 


In  Figure  9,  the  top  MOSFET  would  shut  down  after  being 
in  DC  current  limit  for  0.9ms  and  try  to  restart  at  60ms 
intervals,  thus  producing  a  duty  cyle  of  1.5%  in  short 
circuit.  The  resulting  average  top  MOSFET  dissipation 
during  a  short  is  easily  measured  by  taking  the  product  of 
the  supply  voltage  and  the  average  supply  current. 

Starting  High  In-Rush  Current  Loads 

The  LT1 1 58  has  a  Vds  sensing  function  which  allows  more 
than  lSc  to  flow  in  the  top  MOSFET  providing  that  the 


sense"  pin  is  within  1.2V  of  supply.  Under  these  condi- 
tions the  current  is  limited  only  by  the  Rds(ON)  in  series 
with  Rsense-  Fora  5-lead  MOSFET  the  current  is  limited  by 
Rds(on)  al°ne.  since  Rsense  is  not  in  the  output  path  (see 
Figure  7).  Again  adjusting  Rds(on)  for  temperature,  the 
worst-case  start  currents  are: 


'start  = 
'start  = 


1.2V 


(1+3)rds(on)  +  rsense 

1.2V 


3-Lead  MOSFET 


(i+9)Rds(on) 


5-Lead  MOSFET 


Properly  sizing  the  MOSFET  for  IStart  allows  inductive 
loads  with  long  time-constants,  such  as  motors  with  high 
mechanical  inertia,  to  be  started. 

Returning  to  the  example  used  in  Power  MOSFET  Selec- 
tion, an  IRFZ34  (Rqs(ON)  =  50m  max.)  was  selected  for 
operation  at  5A.  If  the  short  circuit  current  is  also  set  at  5A, 
what  start  current  can  be  supported?  From  the  equation 
for  Rsense.  a  30m  shunt  would  be  required,  allowing  the 
worst-case  start  current  to  be  calculated: 


Istart  = 


1.2V 


(l.7)50m£2  +  30mQ 


=  10A 


This  calculation  gives  the  minimum  current  which  could 
be  delivered  with  the  I RFZ34  at  Tj  =  1 25°C  without  activat- 
ing the  fault  pin  on  the  LT1158.  If  more  start  current  is 
required,  using  an  IRFZ44  (Rds(on)  =  28m  max.)  would 
increase  Istart  to  over  1 5A  at  Tj  =  1 1 0°C,  even  though  the 
short  circuit  current  remains  at  5A. 

In  order  forthe  Vps  sensing  function  to  work  properly,  the 
supply  pins  forthe  LT1 1 58  must  be  connected  at  the  drain 
of  the  top  MOSFET,  which  must  be  properly  decoupled 
(see  Ugly  Transient  Issues). 

Driving  Lamps 

Incandescent  lamps  represent  a  challenging  load  because 
they  have  much  in  common  with  a  short  circuit  when  cold. 
The  top  gate  driver  in  the  LT1 1 58  can  be  configured  to  turn 
on  large  lamps  while  still  protecting  the  power  MOSFET 
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from  a  true  short.  This  is  done  by  using  the  current  limit  to 
control  cold  filament  current  in  conjunction  with  the  self- 
protection  circuit  of  Figure  9.  The  reduced  cold  filament 
current  also  extends  the  life  of  the  filament. 

A  good  guideline  is  to  choose  Rsense  to  set  Isc  at  approxi- 
mately twice  the  steady  state  "on"  current  of  the  lamp(s). 
^shutdown  is  then  made  long  enough  to  guarantee  that  the 
lampfilamentsheatand  drop  out  of  currentlimit  before  the 
enable  capacitor  discharges  to  the  enable  low  threshold. 
For  a  short  circuit,  the  enable  capacitor  will  continue  to 
discharge  below  the  threshold,  shutting  down  the  top 


MOSFET.  The  LT1158  will  then  go  into  the  automatic 
restart  mode  described  in  Self-Protection  with  Automatic 
Restart  above. 

The  time  constant  for  an  incandescent  filament  is  tens  of 
milliseconds,  which  means  that  tsmiTDOWN  wi|l  have  to  be 
longer  than  in  most  other  applications.  This  places  in- 
creased SOA  demands  on  the  MOSFET  during  a  short 
circuit,  requiring  that  a  larger  than  normal  device  be  used. 
A  protected  high  current  lamp  driver  application  is  shown 
in  Figure  18. 
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Figure  10.  High  Efficiency  3.3V  Step-Down  Switching  Regulator  (Requires  No  Heatsinks) 
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Figure  12.  High  Efticiency  5V  Step-Down  Switching  Regulator  (Requires  No  Heatsinks) 
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*  ADD  THESE  COMPONENTS  TO  IMPLEMENT 
LOW-DROPOUT  12V  REGULATOR 


L1 :  MAGNETICS  CORE  #55585-A2     Rs:  DALE  TYPE  LVR-3 
30  TURNS  14GA  MAGNET  WIRE        ULTRONIX  RCS01 


Figure  13.  90%  Efficiency  24V  to  5V 10A  Switching  Regulator 

95%  Efficiency  24V  to  12V 10A  Low  Dropout  Switching  Regulator 
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Figure  14.  Potentiometer-Adjusted  Open  Loop  Motor  Speed  Control  with  Short-Circuit  Protection 
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Figure  15.  High 
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Figure  16.  3-Phase  Brushless  DC  Motor  Control 
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Figure  17.  10A  Full  Bridge  Motor  Control 
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Figure  18.  High  Current  Lamp  Driver  with  Short-Circuit  Protection 
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LT1241  Series 


High  Speed  Current  Mode 
Pulse  Width  Modulators 


F€fiTUR€S 

■  Low  Start-Up  Current  (<250p.A) 

■  50ns  Current  Sense  Delay 

■  Current  Mode  Operation  to  500kHz 

■  Pin  Compatible  with  UC1 842  Series 

■  Under-Voltage  Lockout  with  Hysteresis 

■  No  Cross-Conduction  Current 

■  Trimmed  Bandgap  Reference 

■  1 A  Totem  Pole  Output 

■  Trimmed  Oscillator  Frequency  and  Sink  Current 

■  Active  Pull-Down  on  Reference  and  Output  During 
Under-Voltage  Lockout 

■  High  Level  Output  Clamp  (18V) 

■  Current  Sense  Leading  Edge  Blanking 


nppucfflions 

■  Off-Line  Converters 

■  DC-DC  Converters 


DCSCRIPTIOH 

The  LT1241  series  devices  are  8-pin,  fixed  frequency, 
current  mode,  pulse  width  modulators.  They  are  improved 
plug  compatible  versions  of  the  industry  standard  UC1842 
series.  These  devices  have  both  improved  speed  and 
lower  quiescent  current.  The  LT1241  series  is  optimized 
for  off-line  and  DC-to-DC  converter  applications.  They 
contain  a  temperature  compensated  reference,  high  gain 
error  amplifier,  current  sensing  comparator,  and  a  high 
current  totem  pole  output  stage  ideally  suited  to  driving 
power  MOSFETs.  Start-up  current  has  been  reduced  to 
less  than  250pA  Cross-conduction  current  spikes  in 
the  output  stage  have  been  eliminated,  making  500kHz 
operation  practical.  Several  new  features  have  been  incor- 
porated. Leading  edge  blanking  has  been  added  to  the 
current  sense  comparator.  Trims  have  been  added  to  the 
oscillator  circuit  for  both  frequency  and  sink  current,  and 
both  of  these  parameters  are  tightly  specified.  The  output 
stage  is  clamped  to  a  maximum  V0ut  of  18V  in  the  on 
state.  The  output  and  the  reference  output  are  actively 
pulled  low  during  under-voltage  lockout. 


— 
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rwsoiuT€  mnximum  RnnnGS 

Supply  Voltage  +25V 

Output  Current  ±1A* 

Output  Energy  (Capacitive  Load  per  Cycle)  5uJ 

Analog  Inputs  (Pins  2, 3)  -0.3  to  +6V 

Error  Amplifier  Output  Sink  Current  10mA 

Power  Dissipation  at  TA  <  25°C  1 W 

Operating  Junction  Temperature  Range 

LT124XC  0°C  to  +100°C 

LT124XM  -55°C  to  +125°C 

Thermal  Resistance  (Junction  to  Ambient) 

S8  150°C/W 

J8  100°C/W 

N8  130°C/W 

Storage  Temperature  Range  -  65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORmflTion 




ORDER  PART 

TOP  VIEW 

NUMBER 

LT124XCJ8 
LT124XMJ8 
LT124XCN8 
LT124XCS8 

COMP  LT 

FB  |T 

'sense  E 
Rt/CtE 

w 

I]vREF 

IlVcc 
]Q  OUTPUT 
T\  GND 

J8  PACKAGE              N8  PACKAGE 
8-LEAD  CERAMIC  DIP    8-LEAD  PLASTIC  DIP 

S8  PART  MARKING 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

LT1241  .  PO»01 

124X 

"The  1 A  rating  for  output  current  is  based  on  transient  switching 
requirements. 


€L€CTRICRL  CHRRRCTCRISTICS  (Notes  1,2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference  Section 

Output  Voltage 

l0  =  1mA,Tj  =  25°C 

4.925 

5.000 

5.075 

V 

Line  Regulation 

12V  <  Vcc  <  25V 

• 

3 

20 

mV 

Load  Regulation 

1  mA  <  lvpEF  <  20mA 

• 

-6 

-25 

mV 

Temperature  Stability 

0.1 

mV/°C 

Total  Output  Variation 

Line,  Load,  Temp 

• 

4.87 

5.13 

V 

Output  Noise  Voltage 

10Hz  <F<  10kHz,  Tj  =  25°C 

50 

pV 

Long  Term  Stability 

TA  =  125 -C:  1000  Hrs. 

5 

25 

mV 

Output  Short  Circuit  Current 

• 

-30 

-90 

-180 

mA 

Oscillator  Section 

Initial  Accuracy 

RT  =  10k,CT  =  3.3nF,Tj  =  25°C 

47.5 

50 

52.5 

kHz 

RT  =  13.0k,  CT  =  500pF,Tj  =  25°C 

228 

248 

268 

kHz 

Voltage  Stability 

12V<Vcc<25V,Tj  =  25°C 

1 

% 

Temperature  Stability 

Tmin  <  Tj  <  TMax 

-0.05 

%/°C 

Amplitude 

Pin  4,  Tj  =  25°C 

1.7 

V 

Clock  Ramp  Reset  Current 

Vqsc  (Pin4)  =  2V,Tj  =  25°C 

7.9 

8.2 

8.5 

mA 

Error  Amplifier  Section 

Feedback  Pin  Input  Voltage 

Vpin  1  =  2.5V 

• 

2.42 

2.50 

2.58 

V 

Input  Bias  Current 

VFB  =  2.5V 

• 

-2 

HA 

Open  Loop  Voltage  Gain 

2<V0<4V 

• 

65 

90 

dB 

Unity  Gain  Bandwidth 

Tj  =  25°C 

0.7 

1.3 

2 

MHz 

Power  Supply  Rejection  Ratio 

12V<VCC<25V 

• 

60 

dB 

Output  Sink  Current 

VPIN  2  =  2.7V,  VP1N1  =  1.1V 

• 

2 

6 

mA 

Output  Source  Current 

VPIN2  =  2.3V,VP|N1  =  5V 

• 

-0.5 

-0.75 

mA 
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€l€CTRICRl  CHRRRCTCRISTICS  (Notes  12) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Error  Amplifier  Section  (cont'd) 

Output  Voltage  High  Level 

Vp|N2  =  2.3V,  Rl  =  15k  to  GND 

• 

5 

5.6 

V 

Output  Voltage  Low  Level 

Vp|N  2  =  2.7V,  RL  =  15kto  Pin  8 

• 

0.2 

1.1 

V 

Current  Sense  Section 

Gain 

• 

2.85 

3.00 

3.15 

WW 

Maximum  Current  Sense  Input  Threshold 

Vpin3<11V 

• 

0.90 

1.00 

1.10 

V 

Power  Supply  Rejection  Ratio 

• 

70 

dB 

Input  Bias  Current 

• 

-1 

-10 

HA 

Delay  to  Output 

• 

50 

100 

ns 

Blanking  Time 

100 

ns 

Blanking  Override  Voltage 

1.5 

V 

Output  Section 

Output  Low  Level 

lOUT  =  20mA 

• 

0.25 

0.4 

V 

Iout  =  200mA 

• 

0.75 

2.2 

V 

lOUT  =  20mA 

• 

12.0 

V 

Iout  =  200mA 

• 

11.75 

V 

Rise  Time 

CL  =  1nF,Tj  =  25"C 

50 

80 

ns 

Fall  Time 

CL=1.0nF,Tj  =  25°C 

30 

60 

ns 

Output  Clamp  Voltage 

lo  =  1mA 

• 

18 

19 

V 

Under  Voltage  Lockout 

Start-Up  Threshold 

LT1241 

• 

9.0 

9.6 

10.2 

V 

LT1242/LT1244 

• 

15 

16 

17 

V 

LT1243/LT1245 

• 

7.8 

8.4 

9.0 

V 

Minimum  Operating  Voltage 

LT1241/LT1243/LT1245 

• 

7.0 

7.6 

8.2 

V 

LT1242/LT1244 

• 

9.0 

10 

11 

V 

Hysteresis 
LT1241 

1.6 

2.0 

V 

LT1242/LT1244 

5.5 

6.0 

V 

LT1243/LT1245 

0.4 

0.8 

V 

PWM 

Maximum  Duty  Cycle 

LT1 241 /LT1 244/LT1 245 

Tj  =  25-C 

46 

48 

% 

LT1242/LT1243 

Tj  =  25°C 

94 

96 

% 

Minimum  Duty  Cycle 

• 

0 

% 

Total  Device 

Start-Up  Current 

• 

170 

250 

u.A 

Operating  Current 

• 

7 

10 

mA 

The  •  denotes  those  specifications  which  apply  over  the  full  operating  Note  2:  Low  duty  cycle  pulse  techniques  are  used  during  test  to  maintain 

temperature  range.  junction  temperature  close  to  ambient. 

Note  1:  Unless  otherwise  specified,  Vcc  =  15V,  RT  =  10k,  Ct  =  3.3nF. 
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TYPicni  p€RFORmnnc€  chrrrctcristics 

Under-Voitage  Lockout  -  LT1241 


Under-Voltage  Lockout  - 
LT1242,  LT1244 


Under-Voltage  Lockout  - 
LT1243,  LT1245 


s 

AnT-L 

PTHR 

ESHOL 

D 

MINIM 

UM  OF 

ERAT 

NGVO 

-TAGE 

50  -: 

5 

25  5 

0     75     100  1i 

TEMPERATURE  (°C) 


9 


s 

rART-L 

PTHR 

ESHOL 

D 

MINIM 

UMOF 

ERAT 

NGVO 

LTAGE 

-50   -25      0      25      50     75     100  125 
TEMPERATURE  (°C) 


s 

rART-L 

PTHR 

ESHOL 

D 

MINIM 

UMOF 

ERAT 

NG  VO 

.TAGE 

-50   -25      0      25      50     75     100  125 
TEMPERATURE  (°C) 


LT1241.TPC03 


Supply  Current  vs 
Oscillator  Frequency 


LT124 

>,  LT1243 

a 

= 

IT 

241  LT1244 

LT1?45_. 

-  Vrr 

=  1£ 

V 

RT  =  10k 
—  CL  =  15pF 

; 

10k 


60 

58 

56 

5-1 

52 

>- 

a 

50 

a 

48 

cc 

46 

44 

4? 

40 

Oscillator  Frequency 


=  5V 
.  10k 
3300 

Rt 

)F  

-CT 

OSCILLATOR  FREQUENCY  (H2) 

LT1Z41-TFC1B 


-50   -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 


Oscillator  Sink  Current 


8.7 

„  8.6 

£  8.5 

£  8.4 
cc 

§  8.3 
o 

i  8.2 

CO 

cc  8.1 
o 

§  8.0 
o 

7.8 
7.7 


v 

PIN4  =  2V 

0  25  50  75  100  125 
TEMPERATURE  fC) 
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TVPICfiL  P€RFORmnnC€  CHARACTERISTICS 


Reference  Voltage 


Reference  Short  Circuit  Current 


=  1m 

I. 

-50   -25      0      25     50     75     100  125 
TEMPERATURE  ("C) 


Feedback  Pin  Input  Voltage 


0  25  50  75 
TEMPERATURE  (°C) 


0  25  50  75  100  125 
TEMPERATURE  (*C) 


LT12«1 1  ■  TPC11 


Error  Amplifier  Open  Loop  Gain 
and  Phase 


Current  Sense  Clamp  Voltage 


10     100      1k     10k  100k 
FREQUENCY  (Hz) 


High  Level  Output 
Saturation  Voltage 


0  25  50  75 
TEMPERATURE  CO 


LTl2*1  •  TPC12 


Low  Level  Output 
Saturation  Voltage 


=  12! 

h 

•c 

Tj  = 

-55 

C  - 

5°C 

0  100  200 

OUTPUT  SOURCE  CURRENT  (mA) 


LT1241  -TPC13 


100  200 
OUTPUT  SINK  CURRENT  (mA) 

LT124I-TPC14 


Current  Sense  Input  Threshold 


>°C 

Tj  =125 

°C// 

>5°C  — 

ERROR  AMP  OUTPUT  VOLTAGE  (V) 

LT1Z41  -TPC17 

Low  Level  Output  Saturation 
Voltage  During  Under-Voltage 
Lockout 


4.0 
■  3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
0 


T 

=  1 

5°C 

Tj' 

25° 

C 

OUTPUT  SINK  CURRENT  (mA) 

LT1Z41  -TPC15 
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TVPicm  p€Rf  ofimnncc  chrrrctcristics 


Output  Deadtime  vs  Oscillator 
Frequency -LT1242,  LT1244 


Output  Deadtime  vs  Oscillator 
Frequency  -  LT1241,  LT1243.LT1245 


Timing  Resistor  vs  Oscillator 
Frequency 


OSCILLATOR  FREQUENCY  (kHz) 

LT124I  -TPCI9 


Output  Rise  and  Fall  Time 


OSCILLATOR  FREQUENCY  (kHz) 

LT1Z41  ■  TPC20 

Output  Cross-Conduction  Current 


OSCILLATOR  FREQUENCY  (Hz) 

LT1241  -TPC21 


Current  Sense  Delay 


TIME  50ns/DIV 


LT1M1  -TPC2J 


pin  Funaions 

Pin  1 ,  Compensation:  This  pin  is  the  output  of  the  Error 
Amplifier  and  is  made  available  for  loop  compensation.  It 
can  also  be  used  to  adjust  the  maximum  value  of  the 
current  sense  clamp  voltage  to  less  than  1 V.  This  pin  can 
source  a  minimum  of  0.5mA  (0.8mA  typ.)  and  sink  a 
minimum  of  2mA  (4mA  typ.) 

Pin  2,  Voltage  Feedback:  This  pin  is  the  inverting  input  of 
the  Error  Amplifier.  The  output  voltage  is  normally  fed 
back  to  this  pin  through  a  resistive  divider.  The  non- 
inverting  input  of  the  Error  Amplifier  is  internally  commit- 
ted to  a  2.5V  reference  point. 

Pin  3,  Current  Sense:  This  is  the  input  to  the  current  sense 
comparator.  The  trip  point  of  the  comparator  is  set  by,  and 
is  proportional  to,  the  output  voltage  of  the  Error  Amplifier. 

Pin  4,  Rt/Ct:  The  oscillator  frequency  and  the  deadtime 
are  set  by  connecting  a  resistor  (Rt)  from  Vref  to  Rt/Ct 
and  a  capacitor  (Ct)  from  Rt/Ct  to  GND. 


The  rise  time  of  the  oscillator  waveform  is  set  by  the  RC 
time  constant  of  Rt  and  C-r.  The  fall  time,  which  is  equal  to 
the  output  deadtime,  is  set  by  acombination  of  the  RC  time 
constant  and  the  oscillator  sink  current  (8.2mA  typ.). 

Pin  5,  GND. 

Pin  6,  Output:  This  pin  is  the  output  of  a  high  current 
totem  pole  output  stage.  It  is  capable  of  driving  up  to  ±1 A 
of  current  into  a  capacitive  load  such  as  the  gate  of  a 
MOSFET. 

Pin  7,  Vrjrj:  This  pin  is  the  positive  supply  of  the  control  IC. 

Pin  8,  Reference:  This  is  the  reference  output  of  the  IC. 
The  reference  output  is  used  to  supply  charging  current  to 
the  external  timing  resistor  RT.  The  reference  provides 
biasing  to  a  large  portion  of  the  internal  circuitry,  and  is 
used  to  generate  several  internal  reference  levels  includ- 
ing the  Vfb  level  and  the  current  sense  clamp  voltage. 


XT 
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nppLicnnons  inFORmnnon 


Device 

Start-Up 
Threshold 

Minimum 
Operating 
Voltage 

Maximum 
Duty  Cycle 

Replaces 

LT1241 

9.6V 

7.6V 

50% 

NONE 

LT1242 

16V 

10V 

100% 

UC1842 

LT1243 

8.4V 

7.6V 

100% 

UC1843 

LT1244 

16V 

10V 

50% 

UC1844 

LT1245 

8.4V 

7.6V 

50% 

UC1845 

Oscillator 

The  LT1241  series  devices  are  fixed  frequency  current 
mode  pulse  width  modulators.  The  oscillator  frequency 
and  the  oscillator  discharge  current  are  both  trimmed  and 
tightly  specified  to  minimize  the  variations  in  frequency 
and  deadtime.  The  oscillator  frequency  is  set  by  choosing 
a  resistor  and  capacitor  combination,  RT  and  Cj.  This  RC 
combination  will  determine  both  the  frequency  and  the 
maximum  duty  cycle.  The  resistor  Rj  is  connected  from 
Vref  (pin  8)  to  the  Rt/Ct  pin  (pin  4).  The  capacitor  Cj  is 
connected  from  the  R-t/Ct  pin  to  ground.  The  charging 
current  for  Cj  is  determined  by  the  value  of  Rj.  The 
discharge  current  for  Cj  is  set  by  the  difference  between 
the  current  supplied  by  Rjand  the  discharge  current  of  the 
LT1 24X.  The  discharge  current  of  the  device  is  trimmed  to 
8.2mA.  For  large  values  of  RT  discharge  time  will  be 
determined  by  the  discharge  current  of  the  device  and  the 
value  of  Cj.  As  the  value  of  Rj  is  reduced  it  will  have  more 
effect  on  the  discharge  time  of  Cj.  During  an  oscillator 
cycle  capacitor  Cj  is  charged  to  approximately  2.8V  and 
discharged  to  approximately  1.1V.  The  output  is  enabled 
during  the  charge  time  of  CT  and  disabled,  in  an  off  state, 
during  the  discharge  time  of  Cj.  The  deadtime  of  the  circuit 
is  equal  to  the  discharge  time  of  Cj.  The  maximum  duty 
cycle  is  limited  by  controlling  the  deadtime  of  the  oscilla- 
tor. There  are  many  combinations  of  RT  and  CT  that  will 
yield  a  given  oscillator  frequency,  however  there  is  only 
one  combination  that  will  yield  a  specific  deadtime  at  that 
frequency.  Curves  of  oscillator  frequency  and  deadtime 
for  various  values  of  Rj  and  Cj  appear  in  the  Typical 
Performance  Characteristics  section.  Frequency  and 
deadtime  can  also  be  calculated  using  the  following 
formulas: 


Oscillator  Rise  Time:  tr  =0.583«RC 


3.46.  RC 


Oscillator  Discharge  Time:  td=(oQi64)Rii73 

Oscillator  Period:  Tosc  =tr+td 

1 

Tosc 

Maximum  Duty  Cycle: 
LT1241,  LT1244,  LT1245  DMAX  = 


Oscillator  Frequency:  f0sc : 


tr 


tr 


2TOSC 
TOSC-td 
TOSC 


2TOSC 


i  i 


— 


LT1242,  LT1243  DMAX  =  -^  = 
tosc 

The  above  formulas  will  give  values  that  will  be  accurate 
to  approximately  ±5%,  at  the  oscillator,  over  the  full 
operating  frequency  range.  This  is  due  to  the  fact  that  the 
oscillator  trip  levels  are  constant  versus  frequency  and  the 
discharge  current  and  initial  oscillator  frequency  are 
trimmed.  Somefineadjustment  may  be  required  to  achieve 
more  accurate  results.  Once  the  final  R-r/C-r combination  is 
selected  the  oscillator  characteristics  will  be  repeatable 
from  device  to  device.  Note  that  there  will  be  some  slight 
differences  between  maximum  duty  cycle  at  the  oscillator 
and  maximum  duty  cycle  at  the  output  due  to  the  finite  rise 
and  fall  times  of  the  output. 

The  output  switching  frequency  will  be  equal  to  the 
oscillator  frequency  for  LT1242  and  LT1243.  The  output 
switching  frequency  will  be  equal  to  one  half  the  oscillator 
frequency  for  LT1 241 ,  LT1 244,  and  LT1 245.  The  oscilla- 
tor of  LT1241  series  devices  will  run  at  frequencies  up  to 
1  MHz,  allowing  500kHz  output  switching  frequencies  for 
all  devices. 

Error  Amplifier 

The  LT1 241  series  of  devices  contain  a  fully  compensated 
error  amplifier  with  a  DC  gain  of  90dB  and  a  unity  gain 
frequency  of  1  MHz.  Phase  margin  at  unity  gain  is  80°.  The 
non-inverting  input  is  internally  committed  to  a  2.5V 
reference  point  derived  from  the  5V  reference  of  pin  8.  The 
inverting  input  (pin  2)  and  the  output  (pin  1)  are  made 
available  to  the  user.  The  output  voltage  in  a  regulator 
circuit  is  normally  fed  back  to  the  inverting  input  of  the 
error  amplifier  through  a  resistive  divider. 

The  output  of  the  error  amplifier  is  made  available  for 
external  loop  compensation.  The  output  current  of  the 
error  amplifier  is  limited  to  approximately  0.8mA  sourcing 
— — ^— — — — — 
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and  approximately  6mA  sinking.  In  a  current  mode  PWM 
the  peak  switch  current  is  a  function  of  the  output  voltage 
of  the  error  amplifier.  In  the  LT1241  series  devices  the 
output  of  the  error  amplifier  is  offset  by  two  diodes  (1 .4V 
at  25°C),  divided  by  a  factor  of  three,  and  fed  to  the 
inverting  input  of  the  current  sense  comparator.  For  error 
amplifier  output  voltages  less  than  1 .4V  the  duty  cycle  of 
the  output  stage  will  be  zero.  The  maximum  offset  that  can 
appear  at  the  current  sense  input  is  limited  by  a  1 V  clamp. 
This  occurs  when  the  error  amplifier  output  reaches  4.4V 
at  25°C. 

The  output  of  the  error  amplifier  can  be  clamped  below 
4.4V  in  order  to  reduce  the  maximum  voltage  allowed 
across  the  current  sensing  resistor  to  less  than  1V.  The 
supply  current  will  increase  by  the  value  of  the  output 
source  current  when  the  output  voltage  of  the  error 
amplifier  is  clamped. 

Current  Sense  Comparator  and  PWM  Latch 

LT1241  series  devices  are  current  mode  controllers. 
Under  normal  operating  conditions  the  output  (pin  6)  is 
turned  on  at  the  start  of  every  oscillator  cycle,  coincident 
with  the  rising  edge  of  the  oscillator  waveform.  The  output 
is  then  turned  off  when  the  current  reaches  a  threshold 
level  proportional  to  the  error  voltage  at  the  output  of  the 
error  amplifier.  Once  the  output  is  turned  off  it  is  latched 
off  until  the  start  of  the  next  cycle.  The  peak  current  is  thus 
proportional  to  the  error  voltage  and  is  controlled  on  a 
cycle  by  cycle  basis.  The  peak  switch  current  is  normally 
sensed  by  placing  a  sense  resistor  in  the  source  lead  of  the 
output  MOSFET.  This  resistor  converts  the  switch  current 
to  a  voltage  that  can  be  fed  into  the  current  sense  input.  For 
normal  operating  conditions  the  peak  inductor  current, 
which  is  equal  to  the  peak  switch  current  will  be  equal  to: 

_(VpiN1-1.4V) 
(3RS) 

During  fault  conditions  the  maximum  threshold  voltage  at 
the  input  of  the  current  sense  comparator  is  limited  by  the 
internal  1 V  clamp  at  the  inverting  input.  The  peak  switch 
current  will  be  equal  to: 

.1.0V 


'PK  = 


In  certain  applications,  such  as  high  power  regulators,  it 
may  be  desirable  to  limit  the  maximum  threshold  voltage 
to  less  than  1 V  in  order  to  limit  the  power  dissipated  in  the 
sense  resistor  or  to  limit  the  short  circuit  current  of  the 
regulator  circuit.  This  can  be  accomplished  by  clamping 
the  output  of  the  error  amplifier.  A  voltage  level  of 
approximately  1 .4V  at  the  output  of  the  error  amplifier  will 
give  a  threshold  voltage  of  0V.  A  voltage  level  of  approxi- 
mately 4.4V  at  the  output  of  the  error  amplifier  will  give 
a  threshold  level  of  1V.  Between  1.4V  and  4.4V  the 
threshold  voltage  will  change  by  a  factor  of  one  third  of  the 
change  in  the  error  amplifier  output  voltage.  The  threshold 
voltage  will  be  0.333V  for  an  error  amplifier  voltage  of 
2.4V.  To  reduce  the  maximum  current  sense  threshold  to 
less  than  1 V  the  error  amplifier  output  should  be  clamped 
to  less  than  4.4V. 

Blanking 

A  unique  feature  of  the  LT1 241  series  devices  is  the  built 
in  blanking  circuit  at  the  output  of  the  current  sense 
comparator.  A  common  problem  with  current  mode 
PWM  circuits  is  erratic  operation  due  to  noise  at  the 
current  sense  input.  The  primary  cause  of  noise  problems 
is  the  leading  edge  current  spike  due  to  transformer 
interwinding  capacitance  and  diode  reverse  recovery 
time.  This  current  spike  can  prematurely  trip  the  current 
sense  comparator  causing  an  instability  in  the  regulator 
circuit.  A  filter  at  the  current  sense  input  is  normally 
required  to  eliminate  this  instability. 

This  filter  will  in  turn  slow  down  the  current  sense  loop. 
Aslowcurrent  sense  loop  will  increase  the  minimum  pulse 
width  which  will  increase  the  short  circuit  current  in  an 
overload  condition.  The  LT1 241  series  devices  blank  (lock 
out)  the  signal  at  the  output  of  the  current  sense  compara- 
tor for  a  fixed  amount  of  time  after  the  switch  is  turned  on. 
This  effectively  prevents  the  PWM  latch  from  tripping  due 
to  the  leading  edge  current  spike. 

The  blanking  time  will  be  a  function  of  the  voltage  at  the 
feedback  pin  (pin  2).  The  blanking  time  will  be  1 00ns  for 
normal  operating  conditions  (VFB  =  2.5V).  The  blanking 
time  goes  to  zero  as  the  feedback  pin  is  pulled  to  0V.  This 
means  that  the  blanking  time  will  be  minimized  during 
start-up  and  also  during  an  output  short  circuit  fault.  This 
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blanking  circuit  eliminates  the  need  for  an  input  filter  atthe 
current  sense  input  except  in  extreme  cases.  Eliminating 
the  filter  allows  the  current  sense  loop  to  operate  with 
minimum  delays,  reducing  peak  currents  during  fault 
conditions. 

Under-Voltage  Lockout 

The  LT1241  series  devices  incorporate  an  under-voltage 
lockout  comparator  which  prevents  the  internal  reference 
circuitry  and  the  output  from  starting  up  until  the  supply 
voltage  reaches  the  start-up  threshold  voltage.  The  quies- 
cent current,  below  the  start-up  threshold,  has  been 
reduced  to  less  than  250u.A  (1 70uA  typ.)  to  minimize  the 
power  loss  due  to  the  bleed  resistor  used  for  start-up  in  off 
line  converters.  In  under-voltage  lockout  both  VREF  (pin  8) 
and  the  output  (pin  6)  are  actively  pulled  low  by  Darlington 
connected  PNP  transistors.  They  are  designed  to  sink  a 
few  milliamps  of  current  and  will  pull  down  to  about  1 V. 
The  pull-down  transistor  at  the  reference  pin  can  be  used 
to  reset  the  external  soft  start  capacitor.  The  pull-down 
transistor  at  the  output  eliminates  the  external  pull-down 
resistor  required,  with  earlier  devices,  to  hold  the  external 
MOSFET  gate  low  during  under-voltage  lockout. 

Output 

The  LT1241  series  devices  incorporate  a  single  high 
current  totem  pole  output  stage.  This  output  stage  is 
capable  of  driving  up  to  ±1A  of  output  current.  Cross- 
conduction  current  spikes  in  the  output  totem  pole  have 
been  eliminated.  This  device  is  primarily  intended  for 
driving  MOSFET  switches.  Rise  time  is  typically  40ns  and 
fall  time  is  typically  30ns  when  driving  a  1.0nF  load.  A 
clamp  is  built  into  the  device  to  prevent  the  output  from 
rising  above  18V  in  order  to  protect  the  gate  of  the 
MOSFET  switch. 

The  output  is  actively  pulled  low  during  under-voltage 
lockout  by  a  Darlington  PNP.  This  PNP  is  designed  to  sink 
several  milliamps  and  will  pull  the  output  down  to  approxi- 
mately 1 V.  This  active  pull-down  eliminates  the  need  for  an 
external  resistor  which  was  required  in  older  designs.  The 
output  pin  of  the  device  connects  directly  to  the  emitter  of 
the  upper  NPN  drive  transistor  and  the  collector  of  the 
lower  NPN  drive  transistor  in  the  totem  pole.  The  collector 
of  the  lower  transistor,  which  is  n-type  silicon,  forms  a 


p-n  junction  with  the  substrate  of  the  device.  This  junction 
is  reverse  biased  during  normal  operation. 

In  some  applications  the  parasitic  LC  of  the  external 
MOSFET  gate  can  ring  and  pull  the  output  pin  below 
ground.  If  the  output  pin  is  pulled  negative  by  more  than 
a  diode  drop  the  parasitic  diode  formed  by  the  collector  of 
the  output  NPN  and  the  substrate  will  turn  on.  This  can 
cause  erratic  operation  of  the  device.  In  these  cases  a 
Schottky  clamp  diode  is  recommended  from  the  output  to 
ground. 

Reference 

The  internal  reference  of  the  LT1 241  series  devices  is  a  5V 
Bandgap  reference,  trimmed  to  within  ±1%  initial  toler- 
ance. The  reference  is  used  to  power  the  majority  of 
internal  logic  and  the  oscillator  circuitry.  The  oscillator 
charging  current  is  supplied  from  the  reference.  The 
feedback  pin  voltage  and  the  clamp  level  for  the  current 
sense  comparator  are  derived  from  the  reference  voltage. 
The  reference  can  supply  up  to  20mA  of  current  to  power 
external  circuitry.  Note  that  using  the  reference  in  this 
manner,  as  a  voltage  regulator,  will  significantly  increase 
power  dissipation  in  the  device  which  will  reduce  the 
useful  operating  ambient  temperature  range. 

Design/Layout  Considerations 

LT1241  series  devices  are  high  speed  circuits  capable  of 
generating  pulsed  output  drive  currents  of  up  to  1 A  peak. 
The  rise  and  fall  time  for  the  output  drive  current  is  in  the 
range  of  1 0ns  to  20ns.  High  speed  circuit  techniques  must 
be  used  to  insure  proper  operation  of  the  device.  Do  not 
attempt  to  use  Proto-boards  or  wire-wrap  techniques  to 
breadboard  high  speed  switching  regulator  circuits. 
They  will  not  work  properly. 

Printed  circuit  layouts  should  include  separate  ground 
paths  for  the  voltage  feedback  network,  oscillator  capaci- 
tor, and  switch  drive  current.  These  ground  paths  should 
be  connected  together  directly  at  the  ground  pin  (pin  5)  of 
the  LT124X.  This  will  minimize  noise  problems  due  to 
pulsed  ground  pin  currents.  VCc  should  be  bypassed,  with 
a  minimum  of  0.1  u.F,  as  close  to  the  device  as  possible. 
High  current  paths  should  be  kept  short  and  they  should 
be  separated  from  the  feedback  voltage  network  with 
shield  traces  if  possible. 
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External  Clock  Synchronization 


Soft  Start 


EXTERNAL 
SYNC 
INPUT 


47i  T 


D1  IS  REQUIRED  IF  THE  SYNC  AMPLITUDE  IS 
LARGE  ENOUGH  TO  PULL  THE  BOTTOM  OF  CT 
MORE  THAN  300mV  BELOW  GROUND. 


LT1W1  -TMI 


Vref  •• 


Adjustable  Clamp  Level  with  Soft  Start 


,0UTPUT 


>W.  n(*         WHERE:0£  W£1.0V        tSOFT START  =  -ln[l  -  j-£-]c  ^ 


Slope  Compensation  at  Isense  Pin 


LT1241  ■  TA04 
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300kHz  Off-Line  Power  Supply 


R9 
200k 

-wv- 


R10 
20k 


 1 1  L  comp  0UTPUT  ~T — ^ 

  VREf       'SENSE  W  BAT  85 

C10      I         RT/CT  R12  V 

.    __0.1nF  I  SSS  I  Ik  V 

P  MKS-2  |5  1/1 0W 


WV  1^| 


.  C11 
220pF 


Q1 

MPT2N60 


NOTES:  UNLESS  OTHERWISE  SPECIFIED 

1 .  ALL  RESISTANCES  ARE  IN  OHMS,  1/4W,  5% 

2.  ALL  CAPACITANCES  ARE  IN  Mir"" 
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Slope  Compensation  at  Error  Amp 


! OUTPUT 


LT1Z41  -TA05 
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F€RTUR€S 

■  Current  Mode  Operation  to  1  MHz 

■  30ns  Current  Sense  Delay 

■  Low  Start-Up  Current  (<250>A) 

■  Current  Sense  Leading  Edge  Blanking 

■  Pin  Compatible  with  UC1 842 

■  Under-Voltage  Lockout  with  Hysteresis 

■  No  Cross-Conduction  Current 

■  Trimmed  Bandgap  Reference 

■  1 A  Totem  Pole  Output 

■  Trimmed  Oscillator  Frequency  and  Sink  Current 

■  Active  Pull-Down  on  Reference  an 
Under-Voltage  Lockout 

■  High  Level  Output  Clamp  (18V) 

flppucmions 

■  Off-Line  Converters 

■  DC-DC  Converters 


LT1246 

1MHz  Off-Line 
Current  Mode  PWM 

D€SCRIPTIOn 

The  LT1246  is  an  8-pin,  fixed  frequency,  current  mode, 
pulse  width  modulator.  The  device  is  designed  to  be  an 
improved  plug  compatible  version  of  the  industry  stan- 
dard UC1842  PWM  circuit.  The  LT1246  is  optimized  for 
off-line  and  DC-to-DC  converter  applications.  It  contains  a 
temperature  compensated  reference,  high  gain  error  am- 
plifier, current  sensing  comparator,  and  a  high  current 
totem  pole  output  stage  ideally  suited  to  driving  power 
MOSFETs.  Start-up  current  has  been  reduced  to  less  than 
250uA  Cross-conduction  current  spikes  in  the  totem 
pole  output  stage  have  been  eliminated,  making  1MHz 
operation  practical.  Several  new  features  have  been  incor- 
porated. Leading  edge  blanking  has  been  added  to  the 
current  sense  comparator.  This  minimizes  or  eliminates 
the  filter  that  is  normally  required.  Eliminating  this  filter 
allows  the  current  sense  loop  to  operate  with  minimum 
delays.  Trims  have  been  added  to  the  oscillator  circuit  for 
both  frequency  and  sinkcurrent,  and  both  of  these  param- 
eters are  tightly  specified.  The  output  stage  is  clamped  to 
a  maximum  V0ut  of  1 8V  in  the  on  state.  The  output  and  the 
reference  output  are  actively  pulled  low  during  under- 
voltage  lockout. 
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REFERENCE  ENABLE 


COMPENSATION  Q} 


FEEDBACK  fj]  
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MsoiuTc  mnximum  rrtirgs 

Supply  Voltage  +25V 

Output  Current  ±1A* 

Output  Energy  (Capacitive  Load  per  Cycle)  5uJ 

Analog  Inputs  (Pins  2, 3)  -0.3  to  +6V 

Error  Amplifier  Output  Sink  Current  10mA 

Power  Dissipation  at  TA  <  25°C  1 W 

Operating  Junction  Temperature  Range 

LT1246C  0°Cto  +100°C 

LT1246M  -55°C  to  +125°C 

Thermal  Resistance  (Junction  to  Ambient) 

S8  150°C/W 

J8  100°C/W 

N8  130°C/W 

Storage  Temperature  Range  -  65°C  to  +1 50°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


pncKRG€/oftD€R  inFORmnnon 


ORDER  PART 

NUMBER 

TOP  VIEW 

LT1246CJ8 
LT1246MJ8 
LT1246CN8 
LT1246CS8 

COMP  fT 
FB  Q| 

'sense  E 
RT/CT  |T 

3  Vref 

3  VCC 
J]  OUTPUT 
7]  GND 

S8  PART  MARKING 

J8  PACKAGE              N8  PACKAGE 

8-LEAD  CERAMIC  DIP    8-LEAD  PLASTIC  DIP 
S8  PACKAGE 
8-LEAO  PLASTIC  SOIC 

LTI2W-POI01 

1246 

"The  1 A  rating  for  output  current  is  based  on  transient  switching 
requirements. 
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PARAMETER 

CONDITIONS 

MM 

TYP 

MAX 

UNITS 

Reference  Section 

Output  Voltage 

l0  =  1mA,Tj  =  25°C 

4.925 

5.000 

5.075 

V 

Line  Regulation 

12V<Vcc<25V 

• 

3 

20 

mV 

Load  Regulation 

1  mA  <  Ipep  <  20mA 

• 

-6 

-25 

mV 

Temperature  Stability 

0.1 

mV/°C 

Total  Output  Variation 

Line,  Load,  Temp 

• 

4.87 

5.13 

V 

Output  Noise  Voltage 

10Hz<F<  10kHz,  Tj  =  25°C 

50 

u.V 

Long  Term  Stability 

TA  =  125°C,1000  Hrs. 

5 

25 

mV 

Output  Short  Circuit  Current 

• 

-30 

-90 

-180 

mA 

Oscillator  Section 

Initial  Accuracy 

RT  =  1 0k,  CT  =  3.3nF,  Tj  =  25°C 

47.5 

50 

52.5 

kHz 

RT  =  6.2k,  CT  =  500pF,  Tj  =  25°C 

465 

500 

535 

kHz 

Voltage  Stability 

12V<VCC<25V,  Tj  =  25°C 

1 

% 

Temperature  Stability 

Tmin  <  Tj  <  TmaX 

-0.05 

%/°C 

Amplitude 

Pin  4 

1.7 

V 

Clock  Ramp  Reset  Current 

V0Sc(Pin4)  =  2V,Tj  =  25°C 

7.9 

8.2 

8.5 

mA 

Error  Amplifier  Section 

Feedback  Pin  Input  Voltage 

VPIN1=2.5V 

• 

2.42 

2.50 

2.58 

V 

Input  Bias  Current 

VFB  =  2.5V 

• 

-2 

HA 

Open  Loop  Voltage  Gain 

2  <  V0  <  4V 

• 

65 

90 

dB 

Unity  Gain  Bandwidth 

Tj  =  25°C 

1 

2 

MHz 

Power  Supply  Rejection  Ratio 

12V<VCC<25V 

• 

60 

dB 

Output  Sink  Current 

Vp|N2  =  2.7V,VP|N1  =  1.1V 

• 

2 

6 

mA 

Output  Source  Current 

VPIN2  =  2.3V,VpIN1  =  5V 

• 

-0.5 

-0  75 

mA 
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PARAMETER 

CONDITIONS 

NUN 

TYP 

MAX 

UNITS 

Error  Amplifier  Section  (cont'd) 

Output  Voltage  High  Level 

Vp|N2  =  2.3V,  RL  =  15k  to  GND 

• 

5 

5.6 

V 

Output  Voltage  Low  Level 

VpiN  2  =  2.7V,  RL  =  15k  to  Pin  8 

• 

0.2 

1.1 

V 

Current  Sense  Section 

Gain 

• 

2.85 

3.00 

3.15 

v/v 

Maximum  Current  Sense  Input  Threshold 

VPIN3<1-1V 

• 

0.90 

1.00 

1.10 

V 

Power  Supply  Rejection  Ratio 

70 

dB 

Input  Bias  Current 

• 

-1 

-10 

MA 

Delay  to  Output 



30 

ns 

Blanking  Time 

60 

ns 

Blanking  Override  Voltage 

1.5 

V 

Output  Section 

Output  Low  Level 

l0UT  =  20mA 

• 

0.25 

0.4 

V 

Iout  =  200mA 

• 

0.75 

2.2 

V 

Output  High  Level 

• 

12.0 

V 

Iout  =  200mA 

• 

11.75 

V 

Rise  Time 

CL  =  1nF,Tj  =  25°C 

30 

70 

ns 

Fall  Time 

CL  =  1.0nF,Tj  =  25°C 

20 

60 

ns 

Output  Clamp  Voltage 

l0  =  1mA 

• 

18 

19 

V 

Under-Voltage  Lockout 

Start-Up  Threshold 

• 

15 

16 

17 

V 

Minimum  Operating  Voltage 

• 

9.0 

10 

11 

V 

Hysteresis 

5.5 

6.0 

V 

PWM 

Maximum  Duty  Cycle 

Tj  =  25°C 

94 

100 

% 

Minimum  Duty  Cycle 

Tj  =  25°C 

0 

% 

Total  Device 

Start-Up  Current 

• 

170 

250 

HA 

Operating  Current 

• 

13 

20 

mA 

The  •  denotes  those  specifications  which  apply  over  the  full  operating  Note  2:  Low  duty  cycle  pulse  techniques  are  used  during  test  to  maintain 

temperature  range.  junction  temperature  close  to  ambient. 

Note  1:  Unless  otherwise  specified,  Vcc  =  15V.  RT  =  10k,  Ct  *  3.3nF. 
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Under-Voltage  Lockout 


s 

fART-l 

PTHR 

ESHOL 

0 

MINIM 

UMOI 

ERAT 

NGVO 

LTAGE 

-50  -25      0      25     50     75    100  125 
TEMPERATURE  (°C) 


Start-Up  Current 


I  I  I 

START-UP 

THR 

SHO 

LD 

Tj  = 

25° 

LT1£«  • 


0     2     4     6     8    10    12    14   16  18 

VccW 


200 

180 

_  160 
< 

3  140 
I  120 
=  100 


Start-Up  Current 


LT1246  -  TPC02 


-50   -25      0      25     50     75     100  125 
TEMPERATURE  ("C) 


LT 1 24E  ■  TPC03 
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TEMPERATURE  (°C)  OUTPUT  SOURCE  CURRENT  (mA)  OUTPUT  SINK  CURRENT  (mA) 

LT12«'TPC10  LT1M6-TPC11  LT!2«-TPC12 


Low  Level  Output  Saturation 

Voltage  During  Under-Voltage  Error  Amplifier  Open  Loop  Gain  Supply  Current  vs 

Lockout  and  Phase  Oscillator  Frequency 


OUTPUT  SINK  CURRENT  (mA)  FREQUENCY  (Hz)  OSCILLATOR  FREQUENCY  (Hz) 

LT1246  ■  TPC13  LTIMfl  ■  TPC14  LT1246  ■  TPC15 
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Output  Rise  and  Fall  Time 


TIME  50ns/DIV 


Current  Sense  Delay 


Output  Cross-Conduction 


Is 

TIME  50ns/DIV 


TIME  50ns/DIV 


Pin  Funaions 

Pin  1 ,  Compensation:  This  pin  is  the  output  of  the  Error 
Amplifier  and  is  made  available  for  loop  compensation.  It 
can  also  be  used  to  adjust  the  maximum  value  of  the 
current  sense  clamp  voltage  to  less  than  1V.  This  pin  can 
source  a  minimum  of  0.5mA  (0.8mA  typ.)  and  sink  a 
minimum  of  2mA  (4mA  typ.) 

Pin  2,  Voltage  Feedback:  This  pin  is  the  inverting  input  of 
the  Error  Amplifier.  The  output  voltage  is  normally  fed 
back  to  this  pin  through  a  resistive  divider.  The  non- 
inverting  input  of  the  Error  Amplifier  is  internally  commit- 
ted to  a  2.5V  reference  point. 

Pin  3,  Current  Sense:  This  is  the  input  to  the  current  sense 
comparator.  The  trip  point  of  the  comparator  is  set  by,  and 
is  proportional  to,  the  output  voltage  of  the  Error  Amplifier. 

Pin  4,  RT/Cj:  The  oscillator  frequency  and  the  deadtime 
are  set  by  connecting  a  resistor  (RT)  from  VREf  to  Rt/Ct 
and  a  capacitor  (CT)  from  RT/CT  to  GND. 


The  rise  time  of  the  oscillator  waveform  is  set  by  the  RC 
time  constant  of  Rjand  Ct.  The  fall  time,  which  is  equal  to 
the  output  deadtime,  is  set  by  acombination  of  the  RC  time 
constant  and  the  oscillator  sink  current  (8.2mA  typ.). 

Pin  5,  GND. 


Pin  6,  Output:  This  pin  is  the  output  of  a  high  current 
totem  pole  output  stage.  It  is  capable  of  driving  up  to  ±1 A 
of  current  into  a  capacitive  load  such  as  the  gate  of  a 
MOSFET. 

Pin  7,  Vcc:  This  pin  is  the  positive  supply  of  the  control  IC. 

Pin  8,  Reference:  This  is  the  reference  output  of  the  IC. 
The  reference  output  is  used  to  supply  charging  current  to 
the  external  timing  resistor  RT.  The  reference  provides 
biasing  to  a  large  portion  of  the  internal  circuitry,  and  is 
used  to  generate  several  internal  reference  levels  includ- 
ing the  VFb  level  and  the  current  sense  clamp  voltage. 
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Oscillator 

The  LT1 246  is  afixed  frequency  current  mode  pulse  width 
modulator.  The  oscillator  frequency  and  the  oscillator 
discharge  current  are  both  trimmed  and  tightly  specified 
to  minimize  the  variations  in  frequency  and  deadtime.  The 
oscillator  frequency  is  set  by  choosing  a  resistor  and 
capacitor  combination,  Rt  and  Cj.  This  RC  combination 
will  determine  both  the  frequency  and  the  maximum  duty 
cycle.  The  resistor  RT  is  connected  from  VREF  (pin  8)  to  the 
Rj/Cj  pin  (pin  4).  The  capacitor  Cj  is  connected  from  the 
Rj/Cj  pin  to  ground.  The  charging  current  for  Ct  is 
determined  by  the  value  of  Rj.  The  discharge  current  for 
Cj  is  set  by  the  difference  between  the  current  supplied  by 
Rt  and  the  discharge  current  of  the  LT1246.  The  dis- 
charge current  of  the  device  is  trimmed  to  8.2mA.  For  large 
values  of  Rt  discharge  time  will  be  determined  by  the 
discharge  current  of  the  device  and  the  value  of  Ct.  As  the 
value  of  Rt  is  reduced  it  will  have  more  effect  on  the 
discharge  time  of  Ct.  During  an  oscillator  cycle  capacitor 
Ct  is  charged  to  approximately  2.8V  and  discharged  to 
approximately  1.1V.  The  output  is  enabled  during  the 
charge  time  of  Ct  and  disabled,  in  an  off  state,  during  the 
discharge  time  of  Ct.  The  deadtime  of  the  circuit  is  equal 
to  the  discharge  time  of  Cj.  The  maximum  duty  cycle  is 
limited  by  controlling  the  deadtime  of  the  oscillator.  There 
are  many  combinations  of  Rt  and  Ct  that  will  yield  a  given 
oscillator  frequency,  however  there  is  only  one  combina- 
tion that  will  yield  a  specific  deadtime  at  that  frequency. 
Curves  of  oscillator  frequency  and  deadtime  for  various 
values  of  RT  and  Ct  appear  in  the  Typical  Performance 
Characteristics  section.  Frequency  and  deadtime  can  also 
be  calculated  using  the  following  formulas: 

Oscillator  Rise  Time:  tr  =0.583»RC 

Oscillator  Discharge  Time:  td  = 


Oscillator  Period:  Tosc  =tr+td 
1 


3.46»RC 

0.0164R-11.73 


TOSC 


tr  _TOSC-td 


Oscillator  Frequency:  f0Sc  = 

Maximum  Duty  Cycle:  DMAx 

Tosc  Tosc 
The  above  formulas  will  give  values  that  will  be  accurate 
to  approximately  ±5%,  at  the  oscillator,  over  the  full 


operating  frequency  range.  This  is  due  to  the  fact  that  the 
oscillatortrip  levels  are  constant  versus  frequency  and  the 
discharge  current  and  initial  oscillator  frequency  are 
trimmed.  Somefine  adjustment  may  be  required  to  achieve 
more  accurate  results.  Oncethefinal  RT/CTCombination  is 
selected  the  oscillator  characteristics  will  be  repeatable 
from  device  to  device.  Note  that  there  will  be  some  slight 
differences  between  maximum  duty  cycle  at  the  oscillator 
and  maximum  duty  cycle  at  the  output  due  to  the  finite  rise 
and  fall  times  of  the  output. 

Error  Amplifier 

The  LT1 246  contains  a  fully  compensated  error  amplifier 
with  a  DC  gain  of  90dB  and  a  unity  gain  frequency  of  2MHz. 
Phase  margin  at  unity  gain  is  80°.  The  non-inverting  input 
is  internally  committed  to  a  2.5V  reference  point  derived 
from  the  5V  reference  of  pin  8.  The  inverting  input  (pin  2) 
and  the  output  (pin  1 )  are  made  available  to  the  user.  The 
output  voltage  in  a  regulator  circuit  is  normally  fed  back  to 
the  inverting  input  of  the  error  amplifierthrough  a  resistive 
divider.  The  output  of  the  error  amplifier  is  made  available 
for  external  loop  compensation.  The  output  current  of  the 
error  amplifier  is  limited  to  approximately  0.8mA  sourcing 
and  approximately  6mA  sinking. 

In  a  current  mode  PWM  the  peak  switch  current  is  a 
function  of  the  output  voltage  of  the  error  amplifier.  In  the 
LT1246  the  output  of  the  error  amplifier  is  offset  by  two 
diodes  (1 .4V  at  25°C),  divided  by  a  factor  of  three,  and  fed 
to  the  inverting  input  of  the  current  sense  comparator.  For 
output  voltages  less  than  1 .4V  the  duty  cycle  of  the  output 
stage  will  be  zero.  The  maximum  offset  that  can  appear  at 
the  current  sense  input  is  limited  by  a  1V  clamp.  This 
occurs  when  the  error  amplifier  output  reaches  4.4V  at 
25°C.  The  output  of  the  error  amplifier  can  be  clamped 
below  4.4V  in  order  to  reduce  the  maximum  voltage 
allowed  across  the  current  sensing  resistor  to  less  than 
1V.  The  supply  current  will  increase  by  the  value  of  the 
output  source  current  when  the  output  voltage  of  the  error 
amplifier  is  clamped. 
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Current  Sense  Comparator  and  PWM  Latch 

LT1 246  is  a  current  mode  controller.  Under  normal  oper- 
ating conditions  the  output  (pin  6)  is  turned  on  at  the  start 
of  every  oscillator  cycle,  coincident  with  the  rising  edge  of 
the  oscillator  waveform.  The  output  is  then  turned  off 
when  the  switch  current  reaches  a  threshold  level  propor- 
tional to  the  error  voltage  at  the  output  of  the  error 
amplifier.  Once  the  output  is  turned  off  it  is  latched  off  until 
the  start  of  the  next  cycle.  The  peak  switch  current  is  thus 
proportional  to  the  error  voltage  and  is  controlled  on  a 
cycle  by  cycle  basis.  The  peak  switch  current  is  normally 
sensed  by  placing  a  sense  resistor  in  the  source  lead  of  the 
output  MOSFET.  This  resistor  converts  the  switch  current 
to  a  voltage  that  can  be  fed  into  the  current  sense  input.  For 
normal  operating  conditions  the  peak  inductor  current, 
which  is  equal  to  the  peak  switch  current,  will  be  equal  to: 

(VPIN1-1.4V) 

IPK  =  A  7  *  L 

(3RS) 

During  fault  conditions  the  maximum  threshold  voltage  at 
the  input  of  the  current  sense  comparator  is  limited  by  the 
internal  1 V  clamp  at  the  inverting  input.  The  peak  switch 
current  will  be  equal  to: 
.         _  1.0V 

'PK(MAX) 

In  certain  applications  such  as  high  power  regulators  it 
may  be  desirable  to  limit  the  maximum  threshold  voltage 
to  less  than  1 V  in  orderto  limit  the  power  dissipated  in  the 
sense  resistor  or  to  limit  the  short  circuit  current  of  the 
regulator  circuit.  This  can  be  accomplished  by  clamping 
the  output  of  the  error  amplifier.  A  voltage  level  of 
approximately  1 .4V  at  the  error  amplifier  output  will  give 
a  threshold  voltage  of  0V.  A  voltage  level  of  approximately 
4.4V  at  the  output  of  the  error  amplifier  will  give  a  thresh- 
old level  of  1V.  Between  1.4V  and  4.4V  the  threshold 
voltage  will  change  by  a  factor  of  one  third  of  the  change 
in  the  erroramplifieroutput  voltage.  The  threshold  voltage 
will  be  0.333V  for  an  error  amplifier  voltage  of  2.4V.  To 
reduce  the  maximum  current  sense  threshold  to  less  than 
1V  the  error  amplifier  output  should  be  clamped  to  less 
than  4.4V. 


Blanking 

A  unique  feature  of  the  LT1246  is  the  built  in  blanking 
circuit  at  the  output  of  the  current  sense  comparator. 
A  common  problem  with  current  mode  PWM  circuits  is 
erratic  operation  due  to  noise  at  the  current  sense  input. 
The  primary  cause  of  noise  problems  is  the  leading  edge 
current  spike  due  to  transformer  interwinding  capacitance 
and  diode  reverse  recovery  time.  This  current  spike  can 
prematurely  trip  the  current  sense  comparator  causing  an 
instability  in  the  regulator  circuit.  A  filter  at  the  current 
sense  input  is  normally  required  to  eliminate  this  instabil- 
ity. This  filter  will  in  turn  slow  down  the  current  sense  loop. 
Aslow  current  sense  loop  will  increase  the  minimum  pulse 
width  which  will  increase  the  short  circuit  current  in  an 
overload  condition.  The  LT1246  blanks  (locks  out)  the 
signal  at  the  output  of  the  current  sense  comparator  for  a 
fixed  amount  of  time  after  the  switch  is  turned  on.  This 
prevents  the  PWM  latch  from  tripping  due  to  the  leading 
edge  current  spike.  The  blanking  time  will  be  a  function  of 
the  voltage  at  the  feedback  pin  (pin  2).  The  blanking  time 
will  be  60ns  for  normal  operating  conditions  (Vfb  =  2.5V). 
The  blanking  time  goes  to  zero  as  the  feedback  pin  is  pulled 
to  0V.  This  means  that  the  blanking  time  will  be  minimized 
during  start-up  and  also  during  an  output  short  circuit 
fault.  This  blanking  circuit  eliminates  the  need  for  an  input 
filter  at  the  current  sense  input  except  in  extreme  cases. 
Eliminating  the  filter  allows  the  current  sense  loop  to 
operate  with  minimum  delays,  reducing  peak  currents 
during  fault  conditions. 

Under-Voltage  Lockout 

The  LT1246  incorporates  an  under-voltage  lockout  com- 
parator which  prevents  the  internal  reference  circuitry  and 
the  outputf  rom  starting  up  until  the  supply  voltage  reaches 
the  start-up  threshold  voltage.  The  quiescent  current, 
below  the  start-up  threshold,  has  been  reduced  to  less 
than  250|^A  (1 70u,A  typ.).  This  minimizes  the  power  loss 
due  to  the  start-up  resistor  used  in  off-line  converters.  In 
under-voltage  lockout  both  VREF  (pin  8)  and  the  Output 
(pin  6)  are  actively  pulled  low  by  Darlington  connected 
PNP  transistors.  They  are  designed  to  sink  afew  milliamps 
of  current  and  will  pull  down  to  about  1 V.  The  pull-down 
transistor  at  the  reference  pin  can  be  used  to  reset  the 


4-141 


LT1246 


nppucnnons  mFORmnnon 

external  soft  start  capacitor.  The  pull-down  transistor  at 
the  output  eliminates  the  external  pull-down  resistor  re- 
quired, with  earlier  devices,  to  hold  the  external  MOSFET 
gate  low  during  under-voltage  lockout. 

Output 

The  LT1 246  incorporates  a  single  high  current  totem  pole 
output  stage.  This  output  stage  is  capable  of  driving  up  to 
+1 A  of  output  current.  Cross-conduction  current  spikes  in 
the  output  totem  pole  have  been  eliminated.  This  device  is 
primarily  intended  for  driving  MOSFET  switches.  Rise 
time  is  typically  30ns  and  fall  time  is  typically  20ns  when 
driving  a  "I.OnF  load.  A  clamp  is  built  into  the  device  to 
prevent  the  output  from  rising  above  18V  in  order  to 
protect  the  gate  of  the  MOSFET  switch.  The  output  is 
actively  pulled  low  during  under-voltage  lockout  by  a 
Darlington  PNP.  This  PI\IP  is  designed  to  sink  several 
milliamps  and  will  pull  the  output  down  to  approximately 
1V.  This  active  pull-down  eliminates  the  need  for  the 
external  resistor  which  was  required  in  older  designs. 

The  output  pin  of  the  device  connects  directly  to  the 
emitter  of  the  upper  NPN  drive  transistor  and  the  collector 
of  the  lower  NPN  drive  transistor  in  the  totem  pole.  The 
collector  of  the  lower  transistor,  which  is  n-type  silicon, 
forms  a  p-n  junction  with  the  substrate  of  the  device.  The 
substate  of  the  device  is  tied  to  ground.  This  junction  is 
reverse  biased  during  normal  operation.  In  some  applica- 
tions the  parasitic  LC  of  the  external  MOSFET  gate  can  ring 
and  pull  the  output  pin  below  ground.  If  the  output  pin  is 
pulled  negative  by  more  than  a  diode  drop  the  parasitic 
diode  formed  by  the  collector  of  the  output  NPN  and  the 
substrate  will  turn  on.  This  can  cause  erratic  operation  of 
the  device.  In  these  cases  a  Schottky  clamp  diode  is 
recommended  from  output  to  ground. 


Reference 

The  internal  reference  of  the  LT1246  is  a  5V  Bandgap 
reference,  trimmed  to  within  ±1%  initial  tolerance.  The 
reference  is  used  to  powerthe  majority  of  the  internal  logic 
and  the  oscillator  circuitry.  The  oscillator  charging  current 
is  supplied  from  the  reference.  The  feedback  pin  voltage 
and  the  clamp  level  for  the  current  sense  comparator  are 
derived  from  the  reference  voltage.  The  reference  can 
supply  up  to  20mA  of  current  to  power  external  circuitry. 
Note  that  using  the  reference  in  this  manner,  as  a  voltage 
regulator,  will  significantly  increase  the  power  dissipation 
in  the  device,  which  will  reduce  the  operating  ambient 
temperature  range. 

Design/Layout  Considerations 

LT1246  is  a  high  speed  circuit  capable  of  generating 
pulsed  output  drive  currents  of  up  to  1 A  peak.  The  rise  and 
fall  time  for  the  output  drive  current  is  in  the  range  of 
1 0ns  to  20ns.  High  speed  circuit  layout  techniques  must 
be  used  to  insure  proper  operation  of  the  device.  Do  not 
attempt  to  use  Proto-boards  or  wire-wrap  techniques  to 
breadboard  high  speed  switching  regulator  circuits. 
They  will  not  work  properly. 

Printed  circuit  layouts  should  include  separate  ground 
paths  for  the  voltage  feedback  network,  oscillator  capaci- 
tor, and  switch  drive  current.  These  ground  paths  should 
be  connected  together  directly  at  the  ground  pin  (pin  5)  of 
the  LT1246.  This  will  minimize  noise  problems  due  to 
pulsed  ground  pin  currents.  Vqc  should  be  bypassed,  with 
a  minimum  of  0.1  u.F,  as  close  to  the  device  as  possible. 
High  current  paths  should  be  kept  short  and  they  should 
be  separated  from  the  feedback  voltage  network  with 
shield  traces  if  possible. 
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External  Clock  Synchronization 


VREF  1 


• — — I —  SVREF 


EXTERNAL 
SYNC 


<  — [7}— «—  OSCILLATOR 


A7$  XD1 


D1  IS  REQUIRED  IF  THE  SYNC  AMPLITUDE  IS 
LARGE  ENOUGH  TO  PULL  THE  BOTTOM  OF  CT 
MORE  THAN  300mV  BELOW  GROUND. 


LT12<6-TA06 


Adjustable  Clamp  Level  with  Soft  Start 


I    -I  5VREF 

■    maim  oin 


a 


REFERENCE  ENABLE 
REFERENCE  PULLDOWN 


.OUTPUT 


1 


3  •  VCLAMpJ       R1  +  R2  LT12«6-T«7 
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TECHNOLOGY   5V  High  Efficiency  Step-Down 

Switching  Regulator  Controller 


F€flTUR€S 

■  Accurate  Preset  +5V  Output 

■  Up  to  90%  Efficiency 

■  Optional  Burst  Mode  for  Light  Loads 

■  Can  be  Used  with  Many  LTC  Switching  ICs 

■  Accurate  Ultra-Low-Loss  Current  Limit 

■  Operates  with  Inputs  from  6V  to  30V 

■  Shutdown  Mode  Draws  Only  15|uA 

■  Uses  Small  50|uH  Inductor 


nppucOTions 

■  Laptop  and  Palmtop  Computers 

■  Portable  Data-Gathering  Instruments 

■  DC  Bus  Distribution  Systems 
I  Digital  Widgets 


DCSCRIPTIOn 

The  LT1432  is  a  control  chip  designed  to  operate  with  the 
LT1 1 70/LT1 270  family  of  switching  regulators  to  make  a 
very  high  efficiency  5V  step-down  (buck)  switching 
regulator.  A  minimum  of  external  components  is  needed. 

Included  is  an  accurate  current  limit  which  uses  only 
60mV  sense  voltage  and  uses  "free"  PC  board  trace 
material  for  the  sense  resistor.  Logic  controlled  electronic 
shutdown  mode  draws  only  15juA  battery  current.  The 
switching  regulator  operates  down  to  6V  input. 

The  LT1 432  has  a  logic  controlled  "burst"  mode  to  achieve 
high  efficiency  at  very  light  load  currents  (0  to  100mA) 
such  as  memory  keep-alive.  In  normal  switching  mode, 
the  standby  power  loss  is  about  60mW,  limiting  efficiency 
at  light  loads.  In  burst  mode,  standby  loss  is  reduced  to 
approximately  15mW.  Output  current  in  this  mode  is 
typically  in  the  5mA  to  1 00mA  range. 

The  LT1432  is  available  in  8-pin  surface  mount  and  DIP 
packages.  The  LT1 1 70/LT1 270  family  will  also  be  available 
in  a  surface  mount  version  of  the  5-pin  TO-220  package. 
For  3.3V  versions  contact  Linear  Technology  Corporation. 


TYPICAL  nPPUCATIOn 


1()niiF  ±J_  OPTIONAL  , 

%  -T-  OUTPUT  / 
16V   -L  FILTER,,' 


MODE  LOGIC 
220pF 

<0.3V  =  NORMAL  MODE 
>2.5V  =  SHUTDOWN 
OPEN  =  BURST  MODE 


•  R2  IS  MADE  FROM  PC  BOARD 

COPPER  TRACES. 
"  MAXIMUM  CURRENT  IS  DETERMINED 
BY  THE  CHOICE  OF  LT1070  FAMILY 
SEE  APPLICATION  SECTION. 


Efficiency 


Figure  1.  High  Efficiency  5V  Buck  Converter 
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Vin  Pin . 
V+  Pin .. 

vc. 


30V 
40V 
35V 


Vlim  and  V0Ut  Pins  7V 

Diode  Pin  Voltage  30V 

Mode  Pin  Current  (Note  2)  1mA 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


Vlim  LI 
Voui  LI 
VinS 

v*  [7 


TOP  VIEW 
 C7  


J}  MODE 
T\  GND 

U  DIODE 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 

S8  PACKAGE 
8-LEAD  PLASTIC  SO 


ORDER  PART 
NUMBER 


LT1432CN8 
LT1432CS8 


S8  PART  MARKING 


1432 
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Vc  =  6V,  V|N  =  12V,  V+  =  10V,  VD|0DE  =  Open,  VUM  =  V0UT,  VMOde  =  0V,  Tj  =  25°C 
Device  is  in  standard  test  loop  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulated  Output  Voltage 

Vc  Current  =  220p.A 

4.9 

5.0 

5.1 

V 

Output  Voltage  Line  Regulation 

V|N  =  6V  to  30V 

5 

20 

mV 

Input  Supply  Current  (Note  1) 

Vim  =  6V  to  30V,  V*  =  V,N  +  5V,  Vc  =  V,N  +  1 V 

0.3 

0.5 

mA 

Quiescent  Output  Load  Current 

0.9 

1.2 

mA 

Mode  Pin  Current 

Vmode  =  °V  (current  is  out  of  pin) 
vmode  =  5V  (shutdown) 

30 
15 

50 
30 

uA 
uA 

Mode  Pin  Threshold  Voltage 
(Normal  to  Burst) 

lMODE  =  10uA  (out  of  pin) 

0.6 

0.9 

1.5 

V 

Vc  Pin  Saturation  Voltage 

V0UT  =  5.5V  (forced) 

0.25 

0.45 

V 

Vc  Pin  Maximum  Sink  Current 

Vout  =  5.5V  (forced) 

0.45 

0.8 

1.5 

mA 

Vc  Pin  Source  Current 

Vout  =  4.5V  (forced) 

40 

60 

100 

llA 

Current  Limit  Sense  Voltage  (Note  3) 

Device  in  Current  Limit  Loop 

56 

60 

64 

mV 

VL|M  Pi"  Current 

Device  in  Current  Limit  Loop 
(current  is  out  of  pin) 

30 

45 

70 

HA 

Supply  Current  in  Shutdown 

Vmode  >  3V,  V|N  <  30V,  Vc  and  V+  =  0V 

15 

60 

P.A 

Burst  Mode  Output  Ripple 

Device  in  Burst  Test  Circuit 

100 

mVp.p 

Burst  Mode  Average  Output  Voltage 

Device  in  Burst  Test  Circuit 

4.8 

5 

5.2 

V 

Clamp  Diode  Forward  Voltage 

lF  =  1mA,  AllOther  Pins  Open 

0.5 

0.65 

V 

Startup  Drive  Current 

Vout  =  2.5V  (forced),  V+  =  5V  to  25V, 

V|N  =  6 V  to  26V,  V+  =  V|N  -  1 V,  Vc  =  Vim  -  1 ,5V 

30 

45 

mA 

Restart  Time  Delay 

(Note  4) 

1 

1.8 

10 

ms 

Transconductance,  Output  to  Vc  Pin 

Ic  =  150llAio250liA 

• 

1500 

2000 

2800 

u.mho 

The  •  denotes  specifications  which  apply  over  the  operating  temperature  Note  3:  Current  limit  sense  voltage  temperature  coefficient  is  +0.33%/°C 

range.  to  match  TC  of  copper  trace  material. 

Note  1:  Does  not  include  current  drawn  by  the  LT1070 IC.  See  operating  Note  4:  Vout  pin  switched  from  5.5Vto  4.5V. 
parameters  in  standard  circuit. 

Note  2:  Breakdown  voltage  on  the  mode  pin  is  7V.  External  current  must 
be  limited  to  value  shown. 
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Operating  parameters  in  standard  circuit  configuration. 

V|N  =  +12V,  Iqut  =  0,  unless  otherwise  noted.  These  parameters  guaranteed  where  indicated,  but  not  tested. 


PARAMETER 

CONDITIONS 

MIN  TYP 

MAX 

UNITS 

Burst  Mode  Quiescent  Input  Supply  Current 

1.3 

1.8 

mA 

Burst  Mode  Output  Ripple  Voltage 

Iout  =  0 
Iout  =  50mA 

100 
130 

mVp.p 
mVp.p 

Normal  Mode  Equivalent  Input  Supply  Current 

Extrapolated  from  I0Ut  =  20mA 

6 

mA 

Normal  Mode  Minimum  Operating  Input  Voltage 

100mA  <  l0UT<  1.5A 

6 

V 

Burst  Mode  Minimum  Operating  Input  Voltage 

5mA  <  Iout  <  50mA 

6.2 

V 

Efficiency 

Normal  Mode  Iout  =  0-5A 
Burst  Mode   I0ut  =  25mA 

91 

77 

% 
% 

Load  Regulation 

Normal  Mode  50mA  <  Iqut  <  2A 
Burst  Mode  0<  Iqut  <  50mA 

10 
50 

25 

mV 
mV 

couivmcnT  scHcmnnc 
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Basic  Circuit  Description 

The  LT1432  is  a  dedicated  5V  buck  converter  driver  chip 
intended  to  be  used  with  an  IC  switcher  from  the  LT1 070 
family.  This  family  of  current  mode  switchers  includes 
current  ratingsfrom  1 .25Ato  1 0A,  and  switching  frequen- 
cies from  40kHz  to  1 00kHz  as  shown  in  the  table  below. 


SWITCH 

OUTPUT  CURRENT  IN 

DEVICE 

CURRENT 

FREQUENCY 

BUCK  CONVERTER 

LT1270A 

10A 

60kHz 

7.5A 

LT1270 

8A 

60kHz 

6A 

LT1170 

5A 

100kHz 

3.75A 

LT1070 

5A 

40kHz 

3.75A 

LT1271 

4A 

60kHz 

3A 

LT1171 

2.5A 

100kHz 

1.8A 

LT1071 

2.5A 

40kHz 

1.8A 

LT1172 

1.25A 

100kHz 

0.9A 

LT1072 

1.25A 

40kHz 

0.9A 

The  maximum  load  current  which  can  be  delivered  by 
these  chips  in  a  buck  converter  is  approximately  75%  of 
their  switch  current  rating.  This  is  partly  dueto  the  fact  that 
buck  converters  must  operate  at  very  high  duty  cycles 
when  input  voltage  is  low.  The  "current  mode"  nature  of 
the  LT1070  family  requires  an  internal  reduction  of  peak 
current  limit  at  high  duty  cycles,  so  these  devices  are  rated 
at  only  80%  of  their  full  current  rating  when  duty  cycle  is 
80%.  A  second  factor  is  inductor  ripple  current,  half  of 
which  subtracts  from  maximum  available  load  current. 
See  Inductor  Selection  for  details.  The  LT1 070  family  was 
originally  intended  for  topologies  which  have  the  negative 
side  of  the  switch  grounded,  such  as  boost  converters.  It 
has  an  extremely  efficient  quasi-saturating  NPN  switch 
which  mimics  the  linear  resistive  nature  of  a  MOSFET  but 
consumes  much  less  die  area.  Driver  losses  are  kept  to  a 
minimum  with  a  patented  adaptive  antisat  drive  that  main- 
tains a  forced  beta  of  40  over  a  wide  range  of  switch 
currents.  This  family  is  attractive  for  high  efficiency  buck 
converters  because  of  the  low  switch  loss,  but  to  operate 
as  a  positive  buck  converter,  the  ground  pin  of  the  IC  must 
be  floated  to  act  as  the  switch  output  node.  This  requires 
a  floating  power  supply  for  the  chip  and  some  means  for 
level  shifting  the  feedback  signal.  The  LT1432  performs 
these  functions  as  well  as  adding  current  limiting, 
micropower  shutdown,  and  dual  mode  operation  for  high 
conversion  efficiency  with  both  heavy  and  very  light  loads. 


The  circuit  in  Figure  1  is  a  basic  5V  positive  buck  converter 
which  can  operate  with  input  voltage  from  6V  to  30V.  The 
power  switch  is  located  between  the  Vsw  pin  and  GND  pin 
on  the  LT1 271 .  Its  current  and  duty  cycle  are  controlled  by 
the  voltage  on  the  Vc  pin  with  respect  to  the  GND  pin.  This 
voltage  ranges  from  1 V  to  2V  as  switch  current  increases 
from  zero  to  full  scale.  Correct  output  voltage  is  main- 
tained by  the  LT1 432  which  has  an  internal  reference  and 
error  amplifier  (see  Equivalent  Schematic  in  Figure  2).  The 
amplifier  output  is  level  shifted  with  an  internal  open 
collector  NPN  to  drive  the  Vc  pin  of  the  switcher.  The 
normal  resistor  divider  feedback  to  the  switcher  feedback 
pin  cannot  be  used  because  thefeedback  pin  is  referenced 
to  the  GND  pin,  which  is  switching  up  and  down.  The 
feedback  pin  (FB)  is  simply  bypassed  with  a  capacitor. 
This  forces  the  switcher  Vc  pin  to  swing  high  with  about 
200u.A  sourcing  capability.  The  LT1432  Vc  pin  then  sinks 
this  current  to  control  the  loop.  Transconductance  from 
the  regulator  output  to  the  Vc  pin  current  is  controlled  to 
approximately  2000p.mhos  by  local  feedback  around  the 
LT1 432  erroramplifier  (S2  closed  in  Figure  2).  This  is  done 
to  simplify  frequency  compensation  of  the  overall  loop.  A 
word  of  caution  about  the  FB  pin  bypass  capacitor  (C6): 
this  capacitor  value  is  very  non-critical,  but  the  capacitor 
must  be  connected  directly  to  the  GND  pin  or  tab  of  the 
switcher  to  avoid  differential  spikes  created  by  fast  switch 
currents  flowing  in  the  external  PCB  traces.  This  is  also 
true  for  the  frequency  compensation  capacitors  C4  and 
C5.  C4  forms  the  dominant  loop  pole  with  a  loop  zero 
added  by  R1.  C5  forms  a  higher  frequency  loop  pole  to 
control  switching  ripple  at  the  Vc  pin. 

A  floating  5Vpower  supply  forthe  switcher  is  generated  by 
D2  and  C3  which  peak  detect  the  output  voltage  during 
switch  "off"  time.  The  diode  used  for  D2  is  a  low  capaci- 
tance type  to  avoid  spikes  at  the  output.  Do  not  substitute 
a  Schottky  diode  for  D2  (they  are  high  capacitance).  This 
is  a  very  efficient  way  of  powering  the  switcher  because 
power  drain  does  not  increase  with  regulator  input  volt- 
age. However,  the  circuit  is  not  self-starting,  so  some 
means  must  be  used  to  start  the  regulator.  This  is  per- 
formed by  the  internal  current  path  of  the  LT1432  which 
allows  current  to  flow  from  the  input  supply  to  the  V+  pin 
during  startup. 
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D1,  L1  and  C2  act  as  the  conventional  catch  diode  and 
output  filter  of  the  buck  converter.  These  components 
should  be  selected  carefully  to  maintain  high  efficiency 
and  acceptable  output  ripple.  See  other  sections  of  this 
data  sheet  for  detailed  discussions  of  these  parts. 

Current  limiting  is  performed  by  R2.  Sense  voltage  is  only 
60mV  to  maintain  high  efficiency.  This  also  reduces  the 
value  of  the  sense  resistor  enough  to  utilize  a  printed 
circuit  board  trace  as  the  sense  resistor.  The  sense  voltage 
has  a  positive  temperature  coefficient  of  0.33%/°C  to 
match  the  temperature  coefficient  of  copper.  See  Current 
Limiting  section  for  details. 

The  basic  regulator  has  three  different  operating  modes, 
defined  by  the  mode  pin  drive.  Normal  operation  occurs 
when  the  mode  pin  is  grounded.  A  low  quiescent  current 
"burst"  mode  can  be  initiated  by  floating  the  mode  pin. 
Input  supply  current  is  typically  1 .3mA  in  this  mode,  and 
output  ripple  voltage  is  100mVp.p.  Pulling  the  mode  pin 
above  2.5V  forces  the  entire  regulator  into  micropower 
shutdown  where  it  typically  draws  less  than  20uA  See 
Mode  Pin  Drive  for  details. 

Efficiency 

Efficiency  in  normal  mode  is  maximum  at  about  500mA 
load  current,  where  it  exceeds  90%.  At  lower  currents,  the 
operating  supply  current  of  the  switching  IC  dominates 
losses.  The  power  loss  due  to  this  term  is  approximately 
8mA  x  5V,  or  40mW.  This  is  4%  of  output  power  at  a  load 
current  of  200mA.  At  higher  load  currents,  losses  in  the 
switch,  diode,  and  inductor  series  resistance  begin  to 
increase  as  the  square  of  current  and  quickly  become  the 
dominant  loss  terms. 

Loss  in  inductor  series  resistance; 

P  =  Rs(Iout)2 
Loss  in  switch  on  resistance; 


^UT^swXbuT) 


p=  'output) 
40V,N 

Diode  loss; 

VF(VIN-VOUT)(loUT) 

MlM 

(Use  Vf  vs  If  graph  on  diode  data  sheet,  assuming  lF  = 
Iout) 

Rs  =  Inductor  series  resistance 

Rsw  =  Switch  resistance  of  LT1271 ,  etc. 

If  =  Diode  current 

Vp  =  Diode  forward  voltage  at  lp  =  Iout 
Inductor  core  loss  depends  on  peak-to-peak  ripple  current 
in  the  inductor,  which  is  independent  of  load  current  for 
any  load  current  large  enough  to  establish  continuous 
current  in  the  inductor.  Believe  it  or  not,  core  loss  is  also 
independent  of  the  physical  size  of  the  core.  It  depends 
only  on  core  material,  inductance  value,  and  switching 
frequency  for  fixed  regulator  operating  conditions.  In- 
creasing inductance  or  switching  frequency  will  reduce 
core  loss,  because  of  the  resultant  decrease  in  ripple 
current.  For  high  efficiency,  low  loss  cores  such  as  ferrites 
or  Magnetics  Inc.  molypermalloy  or  KoolMu.  are  recom- 
mended. The  lower  cost  Type  52  powdered  iron  from 
Phillips  is  acceptable  only  if  larger  inductance  is  used  and 
the  increased  size  and  slight  loss  in  efficiency  is  accept- 
able. In  a  typical  buck  converter  using  the  LT1 271  (60kHz) 
with  a  12V  input,  and  a  50u.H  inductor,  core  loss  with  a 
Type  52  powdered  iron  core  is  203mW.  A  molypermalloy 
core  reduces  this  figure  to  28mW.  With  a  1 A  output,  this 
translates  to  4%  and  0.56%  core  loss  respectively  -  a  big 
difference  in  a  high  efficiency  converter.  For  details  on 
inductor  design  and  losses,  see  Application  Note  44. 

What  are  the  benefits  of  using  an  active  (synchronous) 
switch  to  replace  the  catch  diode?  This  is  the  trendy  thing 
to  do,  but  calculations  and  actual  breadboards  show  that 
the  improvement  in  efficiency  is  only  a  few  percent  at  best. 
This  can  be  shown  with  the  following  simplified  formulas: 
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FET  Switch  Loss  = 


(vim  -VqutKRswX'out)' 


(Ignoring  gate  drive  power) 
n  efficiency  is: 


(Diode  Loss  -  FET  Loss)(Efficiency) 
(MnXVout) 

This  is  equal  to: 

(V|n-Vqut)(Vf-Rfetx  Iqut)(e)2 
(Vin)(v0Ut) 

If  VF  (diode  forward  voltage)  =  0.45V,  V1M= 1 0V,  V0Ut = 5V, 
Rfet =0.1£2,  Iout  =  1  A,  and  efficiency  =  90%,  the  improve- 
ment in  efficiency  is  only: 


:  2.8% 


(1 0V  -  5V)(0.45V  -  0.1Q  x  1A)(0.9)2 
(10V)(5V) 

This  does  not  take  FET  gate  drive  losses  into  account, 
which  can  easily  reduce  this  figure  to  less  than  2%.  The 
added  cost,  size,  and  complexity  of  a  synchronous  switch 
configuration  would  be  warranted  only  in  the  most  ex- 
treme circumstances. 

Burst  mode  efficiency  is  limited  by  quiescent  current  drain 
in  the  LT1 432  and  the  switching  IC.  The  typical  burst  mode 
zero-load  input  power  is  27mW.  This  gives  about  one 
month  battery  life  for  a  12V,  1.2AHr  battery  pack.  Increas- 
ing load  power  reduces  discharge  time  proportionately. 
Full  shutdown  current  is  only  about  1 5u.A,  which  is  consid- 
erably less  than  the  self-discharge  rate  of  typical  batteries. 

Burst  Mode  Operation 

Burst  mode  is  initiated  by  allowing  the  mode  pin  to  float, 
where  it  will  assume  a  DC  voltage  of  approximately  1 V.  If 
AC  pickup  from  surrounding  logic  lines  is  likely,  the  mode 
pin  should  be  bypassed  with  a  200pF  capacitor.  Burst 
mode  is  used  to  reduce  quiescent  operating  current  when 
the  regulator  output  current  is  very  low,  as  in  "sleep"  mode 


in  a  lap-top  computer.  In  this  mode,  hysteresis  is  added  to 
the  error  amplifier  to  make  it  switch  on  and  off,  rather  than 
maintain  a  constant  amplifier  output.  This  forces  the 
switching  IC  to  either  provide  a  rapidly  increasing  current 
or  to  go  into  full  micropower  shutdown.  Current  is  deliv- 
ered to  the  output  capacitor  in  pulses  of  higher  amplitude 
and  low  duty  cycle  rather  than  a  continuous  stream  of  low 
amplitude  pulses.  This  maximizes  efficiency  at  light  load 
by  eliminating  quiescent  current  in  the  switching  IC  during 
the  period  between  bursts. 

The  result  of  pulsating  currents  into  the  output  capacitor 
is  that  output  ripple  amplitude  increases,  and  ripple  fre- 
quency becomes  a  function  of  load  current.  The  typical 
output  ripple  in  burst  mode  is  150mVp-p,  and  ripple 
frequency  can  vary  from  50Hzto  2kHz.  This  is  not  normally 
a  problem  for  the  logic  circuits  which  are  kept  "alive" 
during  sleep  mode. 

Some  thought  must  be  given  to  proper  sequencing  be- 
tween normal  mode  and  burst  mode.  A  heavy  (>100mA) 
load  in  burst  mode  can  cause  excessive  output  ripple,  and 
an  abnormally  light  load  (10mA  to  30mA,  see  curves)  in 
normal  mode  can  cause  the  regulator  to  revert  to  a  quasi- 
burst  mode  that  also  has  higher  output  ripple.  The  worst 
condition  is  a  sudden,  large  increase  in  load  current 
(>100mA)  during  this  quasi-burst  mode  or  just  after  a 
switch  from  burst  mode  to  normal  mode.  This  can  cause 
the  output  to  sag  badly  while  the  regulator  is  establishing 
normal  mode  operation  (  100u.s).  To  avoid  problems,  it  is 
suggested  that  the  power-down  sequence  consist  of  re- 
ducing load  current  to  below  100mA,  but  greater  than  the 
minimumfornormal  mode,  then  switching  to  burst  mode, 
followed  by  a  reduction  of  load  current  to  the  final  sleep 
value.  Power-up  would  consist  of  increasing  the  load 
current  to  the  minimum  for  normal  mode,  then  switching 
to  normal  mode,  pausing  for  1ms,  followed  by  return  to 
full  load. 

If  this  sequence  is  not  possible,  an  alternative  is  to 
minimize  normal  mode  settling  time  by  adding  a  47ki2 
resistor  between  V+  and  Vc  pins.  The  output  capacitor 
should  be  increased  to  >680u.F  and  the  compensation 
capacitors  should  also  be  as  small  as  possible,  consistent 
with  adequate  phase  margin.  These  modifications  will 
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often  allow  the  power-down  sequence  to  consist  of  simul- 
taneous turn-off  of  load  current  and  switch  to  burst  mode. 
Power-up  is  accomplished  by  switching  to  normal  mode 
and  simultaneously  increasing  load  current  to  the  lowest 
possible  value  (30mA  to  500mA),  followed  by  a  short 
pause  and  return  to  full  load  current. 

Full  Shutdown 

When  the  mode  pin  is  driven  high,  full  shutdown  of  the 
regulator  occurs.  Regulator  input  current  will  then  consist 
of  the  LT1432  shutdown  current  (=1 5u.A)  plus  the  switch 
leakage  of  the  switching  IC  (=1u.A  to  25u.A).  Mode  input 
current  (=15u.A  at  5V)  must  also  be  considered.  Startup 
from  shutdown  can  be  in  either  normal  or  burst  mode,  but 
one  should  always  check  startup  overshoot,  especially  if 
the  output  capacitor  or  frequency  compensation  compo- 
nents have  been  changed. 

Switching  Waveforms  in  Normal  Mode 

The  waveforms  in  Figures  3  through  10  were  taken  with 
an  input  voltage  of  12V.  Figure  3  shows  the  classic  buck 
converter  waveforms  of  switch  output  voltage  (5V/DIV)  at 
the  top  and  switch  current  (1A/DIV)  underneath,  at  an 
output  current  of  2A.  The  regulator  is  operating  in  "con- 
tinuous" mode  as  evidenced  by  the  fact  that  switch 
current  does  not  start  at  zero  at  switch  turn-on.  Instead, 
it  jumps  to  an  initial  value,  then  continues  to  slope  upward 
during  the  duration  of  switch  on  time.  The  slope  of  the 
current  waveform  is  determined  by  the  difference  be- 
tween input  and  output  voltage,  and  the  value  of  inductor 
used. 

dl  _  (VIN  -Vqut) 
dt~  L 

According  to  theory,  the  average  switch  current  during 
switch  on  time  should  be  equal  to  the  2A  output  current 
and  this  is  confirmed  in  the  photograph.  The  peak  switch 
current,  however,  is  about  2.4A.This  peak  current  must 
be  considered  when  calculating  maximum  available  load 
current  because  both  the  LT1 432  and  the  LT1 070  family 
current  limit  on  instantaneous  switch  current. 
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Figure  5 
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Note  that  the  switch  output  voltage  is  nearly  identical  to 
the  12V  input  during  switch  on  time,  a  necessary  require- 
ment for  high  efficiency,  and  indicative  of  an  efficient 
switch  topology.  Also  note  the  fast,  clean  edges  on  the 
switching  waveforms,  an  additional  requirement  for  high 
efficiency.  The  "overlap  time"  of  switch  current  and  volt- 
age, which  leads  to  AC  switching  losses,  is  only  10ns. 

Figure  4  shows  the  same  waveforms  when  load  current 
has  been  reduced  to  0.25A,  and  Figure  5  is  at  25mA  (note 
the  scale  change  for  current  in  Figure  5).  The  regulator  is 
now  into  discontinuous  mode  as  shown  by  the  fact  that 
switch  current  has  no  initial  jump,  but  starts  its  upward 
slope  from  zero.  This  implies  that  the  inductor  current  has 
dropped  to  zero  during  switch  off  time,  and  that  is  shown 
by  the  "ringing"  waveform  on  the  rising  edge  of  switch 
voltage.  The  switch  has  not  yet  been  turned  on,  but  the 
voltage  at  its  output  rises  and  rings  as  the  "input"  end  of 
the  inductor  tries  to  settle  to  the  same  voltage  as  its 
"output"  end  (5V). 

This  ringing  is  not  an  oscillation.  It  is  the  result  of  stored 
energy  in  the  catch  diode  capacitance.  This  energy  is 
transferred  to  the  inductor  as  the  inductor  voltage  at- 
tempts to  rise  to  5V.  The  inductor  and  diode  capacitance 
tank  circuit  continues  to  ring  until  the  stored  energy  is 
dissipated  by  losses  in  the  core  and  parasitic  resistances. 
The  relatively  undamped  nature  in  this  case  is  good 
because  it  shows  low  losses  and  that  translates  to  high 
efficiency.  EMI  is  not  increased  by  operating  in  this  mode. 

Figure  6  shows  input  capacitor  current  (1 A/DIV)  with  Iout 
=  2A.  The  theoretical  peak-to-peak  value  (ignoring  sloping 
waveforms)  is  equal  to  output  current,  and  this  is  indeed 
what  the  top  waveform  shows.  The  RMS  value  is  approxi- 
mately equal  to  one  half  output  current.  This  is  a  major 
consideration  because  the  physical  size  of  a  capacitor  with 
1 A  ripple  current  rating  may  make  itthe  largest  component 
in  the  regulator  (see  output  capacitor  section).  Clever 
desigers  may  hit  on  the  idea  of  utilizing  battery  impedance 
or  remote  input  capacitors  to  divert  some  of  the  current 
away  from  the  actual  local  capacitorto  reduce  its  size.  This 
is  not  too  practical  as  shown  by  the  middle  waveform  in 
Figure  6,  which  shows  input  capacitor  current  when  an 
additional  large  capacitor  is  added  about  6"  away  from  the 


1A/DIV 


5(is/DIV 

Figure  6.  Input  Capacitor  Current 


5ns/DIV 

Figure  7.  Output  Capacitor  Ripple  Current 

local  capacitor.  The  wiring  inductance  and  parasitic  resis- 
tance limit  the  shunting  effect  and  local  capacitor  current 
is  reduced  only  slightly,  the  bottom  waveform  shows  input 
capacitor  current  with  output  current  reduced  to  0.25A. 

Figure  7  shows  output  capacitor  ripple  current  at  loads  of 
2A,  0.25A,  and  25mA  respectively  starting  from  the  top. 
Note  that  ripple  current  is  independent  of  load  current  until 
the  load  drops  well  into  the  discontinuous  region.  The 
small  steps  superimposed  on  the  triangular  ripple  are 
caused  by  loading  of  the  diode  which  pumps  the  power 
supply  capacitor  on  the  LT1 271 .  Amplitude  of  the  ripple 
current  is  about  0.7Ap-p  in  this  case,  or 
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0.2A  RMS.  Theoretically  the  output  capacitor  size  would 
be  minimized  by  using  one  which  just  met  this  ripple 
current,  but  in  practice,  this  would  yield  such  high  output 
ripple  voltage  that  an  additional  output  filter  would  have  to 
be  added.  A  better  solution  in  the  case  of  buck  converters 
is  usually  just  to  increase  the  size  of  the  output  capacitor 
to  meet  output  ripple  voltage  requirements. 


1A/DIV 

0  I 


508-.  106n 


5MS/DIV 

Figure  8.  Output  Ripple  Current 


tures,  so  be  sure  to  check  ESR  ratings  at  the  lowest 
expected  operating  temperature.  Ripple  voltage  can  be 
reduced  by  increasing  the  inductor  value,  but  this  has 
rapidly  diminishing  returns  because  of  typical  size  re- 
straints. 

Figure  9  shows  diode  current  under  normal  load  condi- 
tions of  2A,  and  with  the  output  shorted.  Current  limit  has 
been  set  at  3A.  Average  diode  current  at  Iqut  =  2A  is  only 
about  1A  because  of  duty  cycle  considerations.  Under 
short  circuit  conditions,  duty  cycle  is  nearly  1 00%  for  the 
diode  (switch  duty  cycle  is  near  zero),  and  diode  average 
current  is  nearly  3A.  Designs  which  must  tolerate  continu- 
ous short  circuit  conditions  should  be  checked  carefully 
for  diode  heating.  Foldback  current  limiting  can  be  used  if 
necessary. 

Figure  1 0  shows  inductor  current  (0.5A/DIV)  with  a  2Aand 
100mA  load.  Average  inductor  current  is  always  equal  to 
output  current,  but  it  is  obvious  that  with  100mA  load, 
inductor  current  drops  to  zero  for  part  of  the  switching 
cycle,  indicating  dicontinuous  mode.  When  selecting  an 
inductor,  keep  in  mind  that  RMS  current  determines 
copper  losses,  peak-to-peak  current  determines  core  loss, 
and  peak  current  must  be  calculated  to  avoid  core  satura- 
tion. Also,  remember  that  during  short  circuit  conditions, 
inductor  current  will  increase  to  the  full  current  limit  value. 
Inductor  failure  is  normally  caused  by  overheating  of  the 
winding  insulation  with  resultant  turn-to-turn  shorts. 
Foldback  current  limiting  will  be  helpful. 


Figure  9.  Diode  Current 

Figure  8  shows  output  ripple  voltage  at  the  top  and  switch 
current  below.  Peak-to-peak  ripple  voltage  is  80mV.  This 
implies  an  output  capacitor  effective  series  resistance 
(ESR)  of  80mV/0.7A  =  0.11  a.  Capacitor  ESR  varies  sig- 
nificantly with  temperature,  increasing  at  low  tempera- 
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Figure  10.  Inductor  Current 
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Switching  Waveforms  in  Burst  Mode 

In  burst  mode,  the  LT1432  amplifier  is  converted  to  a 
comparator  with  hysteresis.  This  causes  its  Vc  pin  current 
drive  to  be  either  zero  (output  low),  or  full  "on"  at  about 
0.8mA  (output  high).  The  LT1 271  therefore  is  either  driven 
to  full  on  condition  or  forced  into  complete  micropower 
shutdown.  This  makes  a  dramatic  reduction  in  quiescent 
current  losses  because  the  switching  regulator  chip  draws 
supply  current  only  during  the  relatively  short  "on"  peri- 
ods. This  burst  mode  results  in  a  battery  drain  of  only 
1.2mA  with  zero  output  load,  even  though  the  nominal 
quiescent  current  of  the  switcher  chip  is  7mA.  This  low 
battery  drain  is  accomplished  at  the  expense  of  higher 
output  ripple  voltage,  but  the  ripple  is  still  well  within  the 
normal  requirements  for  logic  chips. 

Figure  1 1  shows  burst  mode  output  ripple  at  load  currents 
of  0  (top  trace),  and  50mA  (bottom  trace).  Ripple  ampli- 
tude is  nominally  set  by  the  1 0OmV  hysteresis  built  into  the 
LT1432,  but  in  most  applications,  other  effects  come  into 
play  which  can  significantly  modify  this  value.  The  first  is 
delay  in  turning  off  the  switcher.  This  causes  the  output  to 
overshoot  slightly  and  therefore  increases  output  ripple. 
Delay  is  caused  by  the  compensation  capacitors  used  to 
maintain  a  stable  loop  in  the  normal  mode.  Another  effect, 
however,  is  the  ESR  of  the  output  capacitor.  The  surge 
current  from  the  switcher  creates  a  step  across  the  capaci- 
tor ESR  which  prematurely  trips  the  LT1432  comparator, 
reducing  ripple  amplitude.  A  second  delay  occurs  in 
turning  the  switcher  back  on  when  the  output  falls  below 
its  lower  level.  This  delay  is  somewhat  longer,  but  because 
the  output  normally  falls  at  a  much  slower  rate  than  it  rises, 
this  delay  is  not  significant  until  output  current  exceeds 
1 0mA.  Falling  rate  is  set  by  the  output  capacitor  (including 
any  secondary  filter  capacitor),  and  the  actual  load  cur- 
rent, dVouT/dt  =  Iout/Cout-  Tne  sl°Pe  in  tne  t0P  traces 
implies  a  load  current  of  approximately  2mA.  This  is  the 
sum  of  the  1mA  output  quiescent  current  of  the  LT1432 
and  the  1  mA  drawn  by  the  Vc  pin  and  shunted  through  the 
internal  Schottky  diode  during  the  switcher  "off"  period. 

The  bottom  trace  at  I0ut  =  50mA  shows  increased  ripple 
caused  by  turn-on  delay.  Note  that  ripple  frequency  has 
increased  from  50Hz  to  about  600Hz  and  amplitude  has 
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Figure  11.  Burst  Mode  Output  Ripple  Voltage 
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Figure  12.  Burst  Mode  Output  Ripple  Voltage 

more  than  doubled.  Figure  1 2  shows  the  same  conditions 
except  that  a  47kn  resistor  is  connected  from  the  LT1 271 
Vin  pin  to  the  Vc  pin  to  provide  more  start-up  current. 
These  additions  reduce  ripple  amplitude  at  50mA  load 
current  to  a  value  only  slightly  higher  than  the  no-load 
condition. 

Although  it  is  difficult  to  see  in  Figures  1 1  and  12,  there  is 
a  narrow  spike  on  the  leading  edge  of  the  ripple  caused  by 
the  burst  current  and  capacitor  ESR.  Figure  1 3  shows  this 
spike  in  more  detail,  both  with  and  without  an  output  filter. 
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Figure  13 


KEEP  THIS  DISTANCE  SHORT 
FOR  BEST  LOAD  REGULATION. 


TO  LOAD 


Figure  14.  PC  trace  Current  Limit  Sense  Resistor 
with  Kelvin  Contacts 

Time  scale  has  been  expanded  to  50|is/DIV.  The  spike 
consists  of  several  switching  cycles  of  the  LT1271  as 
shown  in  the  lower  trace.  In  the  upper  trace,  the  output 
filter  has  smoothed  the  switching  frequency  content  of  the 
spike,  but  the  actual  spike  amplitude  is  only  modestly 
reduced.  Increasing  the  output  filter  constants  from10u.H 
and  220u.F  to  20u.H  and  330liF  would  eliminate  most  of 
the  spike. 


Current  Limiting 

The  LT1 432  has  true  switching  current  limit  with  a  sense 
voltage  of  60mV.  This  low  sense  voltage  is  used  to 
maintain  high  efficiency  with  normal  loads  and  to  make  it 
possible  to  use  the  printed  circuit  board  trace  material  as 
the  sense  resistor.  The  sense  resistor  value  must  take 
ripple  current  into  account  because  the  LT1432  limits  on 
the  peak  of  the  inductor  ripple  current.  Errors  in  the  sense 
resistor  must  also  be  allowed  for. 


R 


V, 


SENSE 


SENSE 


Imax0-2)*+ 


'RIP 


Rsense  =  Required  sense  resistor 
Vsense  =  60mV 

Imax  =  Maximum  load  current,  including  any  surge 
longer  than  50u.s 

*  1 .2  is  a  fudge  factor  for  errors  in  Rsense  and  Vsense^ 

^-  =  1/2  Peak  to  Peak  Inductor  Ripple  Current 


vout(vin  ~vout) 
2VIN(f)(L) 


f  =  Frequency 
L  =  Inductance 
Use  Vim  maximum 

Example:  lMAX  =  2A,  f  =  60kHz,  maximum  V|N ■■ 
L  =  50liH; 


15V, 


Irip  _  5(15-5) 


R. 


2  2(15)(60E3)(50E-6) 
60mV 


:  0.55A 


SENSE  = 


2A(1.2)  +  0.55A 


=  0.02Q 


The  formula  for  Rsense  shows  a  1 .2  multiplier  term  in  the 
denominator  which  makes  typical  current  limit  20%  above 
full  load  current.  This  accounts  for  small  errors  in  the  PCB 
trace  resistance.  Trace  resistance  errors  are  kept  to  a 
I  internal  traces  (on  multilayer  boards) 
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because  these  traces  do  not  have  errors  caused  by  plating 
operations.  The  suggested  trace  width  for  1/2oz  foil  is 
0.03"  for  each  1 A  of  current  limit  to  keep  trace  temperature 
rise  reasonable.  3A  current  limit  would  require  the  width 
to  be  0.09".  1oz  foil  can  reduce  trace  width  to  0.02"  per 
amp.  Inductance  in  the  trace  is  not  critical  so  the  trace  can 
be  wound  serpentine  or  any  other  shape  that  fits  available 
space.  Kelvin  connections  should  be  used  as  shown  in 
Figure  14  to  avoid  errors  due  to  termination  resistance. 

The  length  of  the  sense  resistor  trace  can  be  calculated 
from:  " 

Length  =  *MSE)|nches 
Rcu 

W  =  width  of  copper  trace  (  0.03"  per  amp  for  1/2oz 
copper  foil) 

Rcu  =  resistivity  of  PCB  trace,  expressed  as  Q  per  square. 
It  is  found  by  calculating  the  resistance  of  a  section  of  trace 
with  equal  length  and  width.  For  typical  1/2oz  material, 
Rcu  is  approximately  1mQ  per  square.  In  the  example 
shown  above,  with  width  =  2A  times  0.03"  =  0.06"; 


Length  =  ~-jjg^~^  =  1-2  lncnes 

Current  limiting  maintains  true  switching  action,  but  power 
dissipation  in  the  IC  switch  and  catch  diode  will  shift 
depending  on  output  voltage.  At  output  voltages  near  the 
correct  regulated  value,  power  will  be  distributed  between 
switch  and  the  diode  according  to  the  usual  calculations. 
Under  short  circuit  conditions,  switch  duty  cycle  will  drop 
to  a  very  low  value,  and  power  will  concentrate  in  the 
diode,  which  will  be  running  at  near  100%  duty  cycle.  If 
continuous  shorts  must  be  tolerated,  the  catch  diode  must 
be  sized  to  handle  the  full  current  limit  value,  or  foldback 
current  can  be  used. 

Foldback  Current  Limiting 

Foldback  current  limiting  makes  the  short  circuit  current 
limit  somewhat  lower  than  the  full  load  current  limit  to 
reduce  component  stress  under  short  circuit  conditions. 
This  is  shown  in  Figure  1 5  with  the  addition  of  R3  and  R4. 
The  voltage  drop  across  R3  adds  to  the  60mV  current  limit 


10mH 
3A 


'         inn,,F  iL.  OPTIONAL 

\      _L  FILTER  / 


-i — *-Br 

jJ_C2  3A 


<0.3V  =  NORMAL  MODE 
>2.5V  =  SHUTDOWN  220pF 
OPEN  =  BURST  MODE 


( Current  Limiting 
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voltage.  This  extra  sense  voltage  is  set  by  output  voltage 
and  R4  under  normal  loads,  but  drops  to  near  zero  when 
the  output  is  shorted. 

The  40u.A  bias  current  flowing  out  of  the  VL|M  pin  must  be 
accounted  for  when  calculating  avaluefor  R4.  This  current 
flows  through  R3,  causing  a  4mV  decrease  in  sense 
voltage  for  R3  =  100Q.  The  following  formulas  define 
current  limit  conditions: 


Current  limit  at  Vqut  =  5V 


f-'B(R3)  +  (V0UT)[gj-(RsENSE)[ 
RSENSE 

„.  ,  60mV-lB(R3) 

Short  Circuit  Current  =  — - — ^ — ■ 

"SENSE 

□  _  VLIM 

"SENSE 


RIP 


Wxd-2) 


R4: 


Vqut(R3) 


Vs-60mV+lB(R3)  +  (RSENSE)|J|Pj 


Vs  =  Desired  full  load  sense  voltage. 

Imax  =  Peak  load  current  (for  any  time  greater  than 

50ns) 

Ib  =  VLim  pin  bias  current  (=40mA) 

To  maintain  high  efficiency  and  avoid  any  startup  prob- 
lems with  loads  that  have  non-linear  V/l  characteristics,  a 
1 0OmV  (average)  sense  voltage  is  suggested  for  foldback 
current  limiting.  The  suggested  value  for  R3  is  100Q.  This 
is  a  compromise  value  to  keep  errors  due  to  VyM  bias 
current  low,  and  to  minimize  current  drain  on  the  output 
created  by  the  R3/R4  path.  From  the  previous  design 
example,  with  lMAX  =  2Aand  lR|P/2  =  0.55A,  and  assuming 
R3  =  100Q,  VUM  =  100mV: 

100mV 

RSENSE  -  ^-°  042" 


R4 


5V(100Q) 


1 0OmV-  60mV+ 1  00q(40jiA)  -  0. 042(0.55) 

=  7.45kD 
Current  limit  at  V0ut  =  5V 

60mV-  40u.A(l  00q)  +  5V  —  (o.042)(0.55) 


0.042Q 


=  2.38A 


Current  limit  (output  shorted) 
60mV-100Q(40nA) 


0.042Q 


=  1.33A 


Minimum  Input  Voltage 

Minimum  input  voltage  for  a  buck  converter  using  the 
LT1 432  is  actually  limited  by  the  IC  switcher  used  with  it. 
There  are  three  factors  which  contribute  to  the  minimum 
voltage.  At  very  light  loads,  the  charge  pump  technique 
used  to  provide  the  floating  power  for  the  switcher  chip  is 
unable  to  provide  sufficient  current.  See  Figure  1 6  for  the 
minimum  load  required  as  a  function  of  input  voltage 
when  operating  in  the  normal  mode. 

At  moderate  to  heavy  loads,  switch  on-resistance  and 
maximum  duty  cycle  will  limit  minimum  input  voltage. 
Graphs  in  the  Typical  Performance  Characteristics  section 
show  minimum  input  voltage  as  af  unction  of  load  current. 
At  moderate  loads,  maximum  switch  duty  cycle  is  the 
limiting  factor.  The  LT1 070  family,  operating  at  40kHz  has 
a  maximum  duty  cycle  of  about  94%.  The  LT1 170  family 
runs  at  1 00kHz  and  has  a  maximum  duty  cycle  of  90%.  The 
LT1270  and  LT1271  operate  at  60kHz  with  a  maximum 
duty  cycle  of  92%.  The  curves  were  generated  using  the 
expected  worst  case  duty  cycle  for  these  devices  over  the 
commercial  operating  temperature  range  (0°C  to  100°C 
junction  temperature).  Note  that  the  lower  frequency 
devices  will  operate  at  lower  input  voltage  because  of  their 
higher  duty  cycle.  These  devices  will  require  larger  induc- 
tors, however.  (Yet  another  example  of  the  universal  "no 
free  lunch"  syndrome). 
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At  heavy  loads,  switch  on-resistance  increases  minimum 
input  voltage.  With  an  LT1071  for  instance,  minimum 
input  is  6.1V  at  1 A  load,  but  increases  to  6.3V  at  2A  load. 
If  absolute  minimum  input  voltage  is  needed,  use  lower 
frequency  devices  with  higher  current  rating  than  is  actu- 
ally needed.  The  LT1070,  for  instance,  operates  down  to 
6.15V  at  2A.  Current  limit  is  defined  by  the  LT1432,  so 
higher  current  switchers  used  in  lower  current  applica- 
tions do  not  degrade  performance  or  reliability. 

Minimum  Load  Current  in  Normal  Mode 

There  is  a  minimum  load  current  requirement  in  normal 
mode.  This  is  caused  by  the  necessity  to  "pump"  the  IC 
switcher  floating  power  supply  capacitor  during  switch 
"off"  time.  This  pumping  current  comes  from  inductor 
current,  so  load  current  must  not  be  allowed  to  drop  too 
low,  or  the  floating  bias  supply  for  the  switcher  will 
collapse.  Minimum  load  current  is  a  function  of  input 
voltage  as  shown  in  Figure  16. 


Figure  16.  Minimum  Normal  Mode  Load  Current 
Inductor  Selection 

Inductorselection  would  be  easy  if  money  and  space  didn't 
count.  Unfortunately,  these  two  factors  usually  count  the 
most,  and  compromises  must  be  made.  High  efficiency 
converters  generally  cannot  afford  the  core  loss  found  in 
low  cost  powdered  iron  cores,  forcing  the  use  of  more 
expensive  cores  such  asferrite,  molypermalloy,  or  KoolMu.. 
Actual  core  loss  is  independent  of  core  size  for  a  fixed 
inductor  value,  but  it  is  very  dependent  on  inductance 


selected.  As  inductance  increases,  core  loss  goes  down. 
Unfortunately,  increased  inductance  requires  more  turns 
of  wire  and  therefore  copper  loss  will  increase.  The  trick  is 
to  find  the  smallest  inductor  whose  inductance  is  high 
enough  to  limit  core  loss,  and  whose  series  resistance  is 
low  enough  to  limit  copper  loss.  Historically,  inductor 
manufacturers  have  a  tendency  to  be  ultra  conservative 
whendesigning  inductors.and  unless  you  are  very  specific 
about  your  constraints  and  requirements,  they  will  more 
often  than  not  come  up  with  a  unit  which  is  50%  largerthan 
the  optimum.  Part  of  this  is  due  to  manufacturing  consid- 
erations. The  trade-off  of  core  loss  and  copper  loss  is 
optimized  by  "filling  the  winding  window"  with  wire,  but 
especially  for  toroids  this  can  require  more  expensive 
winding  techniques  than  the  widely  used  "single  layer" 
design.  The  lesson  here  is  to  spend  time  with  the  manufac- 
turer exploring  the  cost  trade-offs  of  different  inductor 
designs.  The  following  guidelines  may  be  helpful  in  this 
regard. 

1.  For  most  buck  converter  applications  using  the 
LT1 070,  LT1 1 70,  or  LT1 270  families  of  parts  at  40kHz  to 
100kHz,  inductor  value  will  be  in  the  range  of  25u.H  to 
200(iH.  The  lower  values  would  be  used  for  higher  output 
currents  and/or  higher  frequencies,  with  higher  values 
used  for  low  output  current,  low  frequency  applications. 
Lower  inductance  obviously  means  smaller  size,  but  at 
some  point  the  core  loss  will  begin  to  hurt,  or  the  large 
peak-to-peak  inductor  currents  will  cause  high  output 
ripple  voltage  or  limit  available  output  current.  The  follow- 
ing formula  is  a  rough  guide  for  picking  an  initial  inductor 
value: 


OmaxX') 

I  max  =  maximum  load  current,  including  surges 
f  =  switching  frequency 

This  formula  assumes  that  a  switcher  IC  is  selected  which 
has  a  maximum  switch  current  of  1.5  to  2.5  times  maxi- 
mum load  current.  For  a  2.5A  design  using  the  LT1 271  at 
60kHz,  L  would  calculate  to  53u.H.  This  formula  is  very 
arbitrary,  so  do  not  hesitate  to  modify  the  calculated  value 
by  as  much  as  2:1  if  the  need  arises.  Keep  in  mind  that  all 
the  IC  switchers  have  a  peak  current  rating  which  is  a 
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function  of  duty  cycle.  Care  must  be  taken  to  ensure  that 
the  sum  of  output  current  plus  1/2  inductor  p-p  ripple 
current  does  not  exceed  the  switch  current  limit  at  the 
highest  duty  cycle  (lowest  input  voltage). 

Vniir  +Vf 
Duty  Cycle  (maximum)  --ULU- 


Vf  =  Diode  forward  voltage 
1/2  p-p  Ripple  Current  = 
(Use  minimum  V|N  +2V) 


VIN(MIN) 

(Vqut  )(V|N -Vqut) 
2»XL) 


A  2.5A  design  using  an  LT1 271  at  60kHz,  with  a  minimum 
input  voltage  of  7V  and  a  50u.H  inductor,  would  have  a 
maximum  duty  cycle  of  (5  +  0.5)/7  =  79%.  1/2  p-p  ripple 
current  would  be: 


(5X7  +  2-5) 
2(7  +  2)(60E3)(50E-6) 


:  0.37A 


Output  current  plus  1/2  ripple  current  =  2.5  +  0.37  =  2.9A. 
The  switch  current  rating  for  the  LT1271  is  shown  on  the 
data  sheet  as  4A  for  duty  cycle  below  50%  and  2.67  (2- 
DC)  for  duty  cycles  greater  than  50%.  With  DC  =  79%, 
switch  current  rating  would  be  2.67  (2  -  0.79)  =  3.23A,  so 
this  meets  the  guidelines.  It  should  be  noted  that  if  normal 
running  load  current  conditions  result  in  switch  currents 
that  are  close  to  the  maximum  switch  ratings,  efficiency 
will  drop.  Switch  voltage  loss  at  maximum  switch  current 
rating  is  typically  0.7V,  and  this  represents  a  significant 
loss,  especially  at  low  input  voltages.  In  most  laptop 
computer  designs,  surge  currents  from  hard  or  floppy 
disks  require  an  oversized  switcher,  so  normal  running 
currents  are  typically  less  than  one  half  rated  switch 
current  and  efficiency  is  high  except  during  the  short 
surge  periods. 

2.  Ferrite  designs  have  very  low  core  loss,  so  design 
goals  can  concentrate  on  copper  loss  and  preventing 
saturation.  The  downside  is  that  the  finished  unit  will 
almost  surely  be  larger  than  a  molypermalloy  toroid  de- 
sign because  of  the  basic  topological  limitations  of  the 
ferrite/bobbinarrangement.Newerlow-profileferrite  cores 
are  even  less  space  efficient  than  older  configurations. 


Cost  may  also  be  higher.  Ferrite  core  material  saturates 
"hard,"  which  means  that  inductance  collapses  abruptly 
when  peak  design  current  is  exceeded.  This  may  be  a 
problem  in  current  limit  or  if  peak  load  requirements  are 
not  well  characterized. 

3.  Molypermalloy  (from  Magnetics,  Inc.)  is  a  very 
good,  low  loss  core  material  fortoroids,  but  it  is  (naturally) 
rather  expensive.  A  reasonable  substitute  is  KoolMu.  (same 
manufacturer).  Toroids  are  very  space  efficient,  especially 
when  you  can  convince  the  manufacturer  to  use  several 
layers  of  wire.  Because  they  generally  lack  a  bobbin, 
mounting  is  more  difficult.  Newer  designs  for  surface 
mount  are  available  (Coiltronics),  which  are  nested  in  a 
ring  that  does  not  increase  the  height  significantly. 

Catch  Diode 

The  catch  diode  carries  load  current  only  during  switch 
"off"  time.  Its  average  current  is  therefore  dependent  on 
switch  duty  cycle.  At  high  input  voltages,  the  diode  con- 
ducts most  of  the  time,  and  as  V|N  approaches  Vout,  it 
conducts  only  a  small  fraction  of  the  time.  The  current 
rating  of  the  diode  should  be  higher  than  maximum  load 
current  for  two  reasons.  First,  conservative  diode  current 
improves  efficiency  because  the  diode  forward  voltage  is 
lower,  and  second,  short  circuit  conditions  result  in  near 
100%  diode  duty  cycle  at  currents  higher  than  full  load 
unless  some  form  of  foldback  current  limiting  is  used. 
Schottky  diodes  are  a  must  for  their  low  forward  drop  and 
fast  switching  times. 

Maximum  diode  reverse  voltage  is  equal  to  maximum 
input  voltage.  However,  do  not  over-specify  the  diode  for 
breakdown  voltage.  Schottky  diodes  are  made  with  lighter 
silicon  doping  as  breakdown  ratings  increase.  This  gives 
higher  forward  voltage  and  degrades  regulator  efficiency. 
An  MBR350  (3A,  50V)  has  almost  1 0OmV  higher  forward 
voltage  than  the  MBR330  (3A,  30V). 

Diode  current  ratings  are  predicated  on  proper  thermal 
mounting  techniques.  Check  the  manufacturers  assump- 
tions carefully  before  assuming  that  a  3A  diode  is  actually 
capable  of  carrying  3A  continuously.  Pad  size  may  have  to 
be  larger  than  normal  to  meet  the  mounting  requirements 
for  full  current  capability. 
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Input  Supply  Bypass  Capacitor 

The  input  capacitor  on  a  step-down  (buck)  switching 
regulator  must  handle  switching  currents  with  a  peak-to- 
peak  amplitude  at  least  equal  to  the  output  current.  The 
RMS  value  of  capacitor  current  is  approximately  equal  to: 

buT^OUT^IN  ~VOUt)] 
Vim 


RMS  _ 


This  formula  has  a  maximum  at  V|w  =  2Vout,  where  Irms 
is  equal  to  Iqut/2.  This  simple  worst  case  condition  is 
commonly  used  for  design  because  even  significant  de- 
viations from  V|N/2  do  not  offer  much  relief.  A  2A  output 
(transient  loads  can  be  ignored  if  they  last  less  than  30 
seconds)  therefore  requires  an  input  capacitor  with  a  1A 
ripple  current  rating.  Don't  cheat,  and  read  the  output 
capacitor  section  for  details  on  ripple  current!  The  input 
capacitor  may  well  be  the  largest  component  in  the  switch- 
ing regulator.  Spend  time  playing  with  aspect  ratios  of 
various  capacitor  families  and  don't  hesitate  to  parallel 
several  units  to  achieve  a  low  profile. 

Output  Voltage  Ripple 

Output  voltage  ripple  is  determined  by  the  main  inductor 
value,  switching  frequency,  input  voltage,  and  the  ESR 
(effective  series  resistance)  of  the  output  capacitor.  The 
following  formula  assumes  a  load  current  high  enough  to 
establish  continuous  current  in  the  inductor. 

Output  Ripple  Voltage  =  Vp.p 

_Vout(Vin-Vout)(esR)v 
vIN(f)(L)  vp-p 

With  V,N  =  12V,  ESR  =  0.05Q,  f  =  60kHz,  and  L  =  50uH 

5(12-5)(0.05) 

Vp-p-(12)(60E3)(50E-y48-6mVp-p 

If  low  output  ripple  voltage  is  a  requirement,  larger  output 
capacitors  and/or  inductors  may  not  be  the  answer.  An 
output  filter  can  be  added  at  modest  cost  which  will 
attenuate  ripple  much  more  space-effectively  than  an 
oversized  output  capacitor  or  inductor.  The  thing  to  keep 


in  mind  when  adding  an  output  filter  is  that  if  the  filter 
capacitor  is  small,  it  may  allow  large  output  perturbations 
if  large  load  transients  occur.  This  effect  should  be  care- 
fully checked  before  finalizing  any  filter  design.  For  more 
details  on  output  filters,  consult  Application  Notes  19 
and  44. 

Output  Capacitor 

To  avoid  overheating,  the  output  capacitor  must  be  large 
enough  to  handle  the  ripple  current  generated  by  the  main 
inductor.  It  must  also  have  low  enough  effective  series 
resistance  (ESR)  to  meet  output  ripple  voltage  require- 
ments. RMS  ripple  current  in  the  output  capacitor  is  given 
by: 


RIPPLE(RMS) 


vout(Mn  ~vout) 
3.5WN(f)(L) 


(use  maximum  Vin) 
ForV|N  =  15V,  f  =  60kHz,  L  =  50u.H, 
5(15-5) 


RIPPLE(RMS) 


3.5(1 5)(60E3)(50E-6) 
=  0-32ARMS 


Ripple  current  ratings  are  specified  on  capacitors  intended 
for  switching  applications,  but  the  number  is  subject  to 
much  manipulation.  The  high  frequency  number  is  greater 
than  the  low  frequency  value,  and  theoretically  one  can 
multiply  the  ripple  number  by  significant  amounts  at 
temperatures  belowthetypical  85°C  or  1 05°C  rating  point. 
The  problem  is  that  the  ripple  ratings  are  already  unreal- 
istically  high  at  the  rated  temperature  because  they  are 
typically  based  on  a  2000  hour  life.  I  assume  this  is  an 
unacceptable  lifetime  number,  so  the  ripple  rating  must  be 
reduced  to  extend  life.  The  net  result  of  all  this  fiddling 
with  the  numbers  is  generally  a  headache,  but  it  is  prob- 
ably conservative  to  use  the  stated  high  frequency  rating 
at  temperatures  below  60°C  for  a  105°C  capacitor,  and 
assume  that  the  unit  will  last  at  least  50,000  hours. 
Remember  to  factor  in  actual  operating  time  at  elevated 
temperatures.  Laptop  computers,  for  instance,  might  be 
expected  to  operate  no  more  than  four  hours  a  day  on 
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average,  so  a  ten  year  life  is  only  15,000  hours.  The 
manufacturer  should  be  consulted  for  a  final  blessing.  See 
Application  Note  46  for  specific  formulas  for  calculating 
the  life  time  or  allowed  ripple  current  in  capacitors. 

The  reason  for  all  this  attention  to  ripple  rating  is  that 
everyone  is  in  a  size  squeeze,  and  the  temptation  is  to  use 
the  smallest  possible  components.  Do  not  cheat  here 
folks,  or  you  may  be  faced  with  costly  field  failures. 

ESR  on  the  output  capacitor  determines  output  voltage 
ripple,  so  this  is  also  of  much  concern.  Mother  Nature  has 
decreed  that  for  a  given  capacitor  technology,  ESR  is  a 
direct  function  of  the  volume  of  the  capacitor.  In  other 
words,  if  you  wantlowESRyou  must  consume  space.  This 
is  quickly  confirmed  by  scanning  the  ESR  numbers  for  a 
wide  range  of  capacitor  values  and  voltage  ratings  within 
a  given  family  of  capacitors.  It  is  immediately  obvious  that 
can  size  determines  ESR,  not  capacitance,  or  voltage 
rating.  The  only  way  to  cheat  on  this  limitation  is  to  find  the 
bestfamily  of  capacitors.  Manufacturers  such  as  Nichicon, 
Chemicon,  and  Sprague  should  be  checked.  Sanyo  makes 
a  very  low  ESR  capacitor  type  know  as  OSCON,  utilizing  a 
semiconductordielectric.  Its  major  disadvantage  is  some- 
what higher  price,  and  a  tendency  to  make  regulator 
feedback  loops  unstable  because  of  its  extremely  low  ESR. 
Most  switching  regulator  loops  depend  to  some  extent  on 
the  output  capacitor  ESR  for  a  phase  lead! 

Output  Filters 

Output  ripple  voltage  at  the  switching  frequency  is  a  fact  of 
life  with  switching  regulators.  Everyone  knows  that  this 
ripple  must  be  held  below  some  level  to  guarantee  that  it 
does  not  affect  system  performance.  The  question  is,  what 
is  that  level?  For  sensitive  analog  systems  with  wide 
bandwidths,  supply  ripple  may  have  to  be  a  1  mV  or  less. 
Digital  systems  can  often  tolerate  400mVp.p  ripple  with  no 
effect  on  performance.  In  most  of  these  digital  applica- 
tions of  the  LT1 432  as  a  buck  converter,  an  output  filter  is 
not  needed  because  output  ripple  is  normally  in  the  25mV 
to  100mVp.p  range  without  a  filter.  Note  that  burst  mode 
ripple  is  at  low  frequencies  where  small  output  filters  are 
not  effective.  The  decision  to  add  an  output  filter  does 
allow  the  main  filter  capacitor  to  get  smaller,  so  the  overall 


board  space  may  not  increase  prohibitively.  See  the  dis- 
cussion of  waveforms  for  load  transient  response  implica- 
tions when  adding  a  filter. 

If  modest  reductions  in  output  ripple  are  required,  one  can 
increase  the  size  of  the  main  inductor  and/or  the  output 
capacitor.  Buck  converters  are  easier  than  other  types 
because  the  main  inductor  acts  as  a  filter  element.  The 
square  wave  voltage  is  converted  to  a  triangular  current 
before  being  fed  to  the  output  capacitor.  Actually,  at 
switching  frequencies,  the  output  capacitor  is  resistive 
and  output  ripple  voltage  is  determined  not  by  the  capaci- 
tor value  in  uf,  but  rather  by  the  capacitor  effective  series 
resistance  (ESR).  This  parameter  is  determined  by  capaci- 
tor volume  within  any  given  family,  so  to  get  ESR  down, 
one  must  still  use  a  "bigger"  capacitor.  The  problem  is  that 
often  the  main  inductor/capacitor  becomes  physically  too 
large  if  low  output  ripple  is  needed.  Inverters,  such  as  the 
positive  to  negative  converter,  tend  to  have  much  higher 
output  ripple  voltage  because  the  main  inductor  is  not  a 
filter  element  -  it  simply  acts  as  an  energy  storage  device 
for  shuttling  essentially  square  wave  currents  from  input 
to  output.  Unlike  the  buck  converter,  these  currents  can  be 
much  higher  in  amplitude  than  the  output  current. 

An  output  filter  of  very  modest  size  can  reduce  normal 
mode  output  ripple  voltage  by  a  factor  of  ten  or  more.  The 
formulaforfilterattenuation  in  buck  converters  and  invert- 
ers is  shown  below. 


Attenuation = 


Attenuation 


ESR 
8(L)(f) 

(ESR) 
4(L)(f) 


(BUCK  CONVERTER) 

(INVERTER) 
(The  factor  "4"  is  an 
approximation 
assuming  worst  case 
duty  cycle  of  50%) 


A  10nH,  IOOjxF  (ESR  =  0.4G)  filter  on  a  buck  converter 
using  a  60kHz  LT1271  will  give  an  attenuation  of: 

0.4 


8(10E^)(60E3) 


=  0.083 
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1 0OmVoutput  ripple  on  the  main  capacitor  will  be  reduced 
to  (0.083)(1 00)  =  8.3mV  at  the  output  of  the  filter. 

Layout  Considerations 

Although  buck  converters  are  fairly  tolerant  with  regard  to 
layout  issues,  there  are  still  several  important  things  to 
keep  in  mind.  Most  of  these  revolve  around  spikes  created 
by  switching  high  currents  at  high  speeds.  If  3A  of  current 
is  switched  in  30ns,  the  rate  of  change  of  current  is  1 0E8 
A/S.  Voltage  generated  across  wires  will  be  equal  to  this 
rate  multiplied  by  the  approximate  20nH  per  inch  of  wire. 
This  calculates  to  2V  per  inch  of  wire  or  trace! !  Needless 
to  say,  connections  should  be  kept  short  if  the  circuitry 
connected  to  these  lines  is  sensitive  to  narrow  spikes. 

1 .  The  input  bypass  capacitor  must  be  kept  as  close  to 
the  switcher  IC  as  possible,  and  its  ground  return  must  go 
directly  to  the  ground  plane  with  no  other  component 
grounds  tied  to  it.  The  output  capacitor  should  also 
connect  directly  to  the  ground  plane. 

2.  The  frequency  compensation  components  shown  in 
Figure  1  (R1  +  C4,  and  C5)  and  the  feedback  pin  bypass 
capacitor  (C6)  are  shown  connected  to  the  floating  ground 
pin  of  the  IC  switcher.  This  ground  pin  is  also  the  high 
current  path  for  the  switch.  To  avoid  differential  spikes 
being  coupled  into  the  Vc  and  FB  pins,  these  components 
must  tie  together  and  then  be  connected  through  a  direct 
trace  to  the  IC  switcher  ground  pin.  No  other  components 
should  be  connected  anywhere  on  this  trace  and  the  trace 
area  should  be  minimized.  A  separate  wide  trace  must  be 
used  to  connect  the  IC  ground  pin  to  the  catch  diode  and 
inductor.  Smaller  traces  can  be  used  to  connect  the 
floating  supply  capacitor  (C3)  and  the  diode  pin  of  the 
LT1 432  to  the  wide  trace  reasonably  close  to  the  IC  ground 
pin. 

3.  Traces  which  carry  high  current  must  be  sized 
correctly.  To  limit  temperature  rise  to  20°C,  using  1oz 
copper,  the  trace  width  must  be  20  mils  for  each  ampere 
of  current.  1/2oz  copper  requires  30  mils/A.  These  high 
current  paths  include  the  IC  switcher  ground  pin  and 
switch  pin,  the  inductor,  the  catch  diode,  the  current  limit 
sense  resistor,  and  the  input  bypass  capacitor.  If  vias  are 
used  to  connect  these  components  on  multiple  layer 


boards,  their  maximum  rated  current  must  also  be  consid- 
ered. For  currents  greaterthan  1A,  multiple  vias  may  have 
to  be  used. 

4.  The  catch  diode  has  large  square  wave  currents 
flowing  in  it.  Connect  the  anode  directly  to  the  ground 
plane  and  the  cathode  directly  to  the  IC  ground  pin. 

5.  The  ground  pin  of  the  LT1432  is  the  reference  point 
for  output  voltage.  It  should  be  routed  separately  to  power 
ground  as  near  to  the  load  as  is  reasonable. 

Transient  Response 

Load  transient  response  may  be  important  in  portable 
applications  where  parts  of  the  system  are  switched  on 
and  off  to  save  power.  There  are  two  types  of  problems 
that  differ  by  time  scale.  The  first  occurs  very  rapidly  and 
is  caused  by  the  surge  current  created  in  charging  the 
supply  bypass  capacitors  on  the  switched  load.  This  can 
be  a  very  serious  problem  if  large  (>0.1u,F)  capacitors 
must  be  charged.  No  regulator  can  respond  fast  enough  to 
handle  the  surge  if  the  load  switch  on-resistance  is  lowand 
it  is  driven  quickly.  The  solution  here  is  to  limitthe  rise  time 
of  the  switch  drive  so  that  the  load  rise  time  is  limited  to 
approximately  25  x  CLOad-  A  1u.F  load  capacitor  would 
require  a  25ns  load  rise  time,  etc.  This  limits  surge  to 
about  200mA.  This  time  frame  is  still  too  quick  for  a 
switching  regulator  to  adjust  to,  but  the  surge  is  limited  to 
a  low  enough  value  that  the  output  capacitor  will  attenuate 
the  surge  voltage  to  an  acceptable  level. 

A  second  problem  is  the  change  in  DC  load  current. 
Switching  regulators  take  many  switching  cycles  to  re- 
spond to  sudden  output  load  changes.  During  this  time, 
the  output  shifts  by  an  amount  equal  to  Aload  (ESR  +  t/C), 
where  ESR  is  the  series  resistance  of  the  output  capacitor, 
t  is  the  time  for  the  regulator  to  shift  output  current,  and  C 
is  the  output  capacitor  value.  For  example,  if  the  load 
change  is  0.5A,  ESR  is  0.1  Q.,  t  is 30u.s,  and  C  =  390uJ,  the 
shift  in  output  voltage  would  be: 


AV0UT  =0.5A 


0.1Q  + 


30p.s 
390nF 


=  0.088V 
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Figure  1 7  shows  the  effect  of  a  500mA  transient  load  (0.3A 
to  0.8A)  on  the  LT1432,  both  with  and  without  an  output 
filter.  The  top  trace  with  no  filter  shows  about  a  60mV 
deviation  with  a  settling  time  of  300u.s.  Astute  switching 
regulator  designers  may  notice  the  lack  of  switching  ripple 
in  this  trace.  To  make  a  clean  display  the  actual  trace  was 
fed  through  a  one  pole  filter  with  16ns  time  constant  to 
eliminate  most  of  the  switching  ripple.  This  had  very  little 
effect  on  the  shape  or  amplitude  of  the  response  waveform 
(you'll  have  to  trust  me  on  this  one).  In  the  middle  trace, 
an  output  filter  of  10u.H  and  200|iF  was  added  to  the 
regulator  to  achieve  very  low  output  ripple.  The  load 
transient  response  is  obviously  degraded  because  the 
second  filter  capacitor,  following  normal  design  practice, 
is  somewhat  smaller  than  the  main  output  capacitor,  and 
therefore  also  has  higher  ESR.  Note  the  slight  ringing 
caused  by  the  "Q"  of  the  output  filter.  Calculated  ringing 
frequency  is  1/(2jt/LC)  =  3.4kHz.  Also  note  the  small  step 
in  DC  level  between  the  two  load  conditions  on  the  filtered 
output.  To  maintain  good  loop  stability,  the  added  filter  is 
left  "outside"  the  feedback  loop.  Therefore,  the  DC  resis- 
tance of  the  10|iH  inductor  will  add  to  load  regulation.  The 
10mV  step  implies  a  resistance  of  10mV/0.5A  =  0.02Q. 
The  message  in  all  this  is  to  be  careful  when  adding  output 
filters  if  transient  load  response  or  load  regulation  is 
critical.  The  second  filter  capacitor  may  have  to  be  as  large 
as  the  main  filter  capacitor. 
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Mode  Pin  Drive 

The  mode  pin  defines  operating  conditionsforthe  LT1432. 
A  low  state  programs  the  IC  to  operate  in  "normal"  mode 
as  a  constant  frequency,  current  mode,  buck  converter. 
Floating  the  pin  converts  the  internal  error  amplifier  to  a 
comparator  which  puts  the  LT1432  into  a  low-power 
"burst"  mode.  In  this  mode,  the  pin  assumes  an  open 
circuit  voltage  of  approximately  1V.  To  ensure  stable 
operation,  current  into  or  out  of  the  pin  must  be  limited  to 
2uA.  If  the  pin  is  routed  near  any  switching  or  logic  signals 
it  should  be  bypassed  with  a  200pF  capacitor  to  avoid 
pickup. 

Driving  the  mode  pin  high  causes  the  LT1432  to  go  into 
complete  shutdown.  An  internal  resistor  limits  mode  pin 
current  to  about  15p.A  at  5V.  A  7V  zener  diode  is  also  in 
parallel  with  the  pin,  so  input  voltages  higher  than  6.5V 
must  be  externally  limited  with  a  resistor.  The  current/ 
voltage  characteristics  of  the  mode  pin  are  shown  in 
Typical  Performance  Characteristics.  Note  that  the  drive 
signal  must  sink  about  30uA  when  pulling  the  mode  pin  to 
its  worst  case  low  threshold  of  0.6V.  This  should  not  be  a 
problem  forany  standard  open  drain  orthree-state  output. 

If  all  three  states  are  desired  and  a  three-state  drive  is  not 
available,  the  circuit  shown  in  Figure  1 8  can  be  used.  Two 
separate  logic  inputs  are  used.  Both  low  will  allow  the 
mode  pin  to  float  for  burst  mode.  "A"  high,  "B"  low  will 
generate  shutdown,  and  "B"  high,  "A"  low  forces  normal 
mode  operation.  Both  high  will  also  force  normal  mode 
operation,  but  this  is  not  an  intended  state  and  R1  is 
included  to  limit  overload  of  "A"  if  this  occurs.  C1  is 
suggested  if  the  mode  pin  line  can  pick  up  capacitively 
coupled  stray  switching  or  logic  signals. 
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Figure  18.  Two  Input  Mode  Drive 
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Internal  Restart  Sequence 

At  very  light  load  currents  (>10mA),  coupled  with  low 
input  voltages  (<8.5V),  it  is  possible  for  the  basic  architec- 
ture used  by  the  LT1432  to  assume  a  stable  output  state 
of  less  than  5V.  To  avoid  this  possibility,  the  LT1432  has 
an  internal  timer  which  applies  a  temporary  20mA  load  to 
the  output  if  the  output  is  below  its  regulated  value  for 
more  than  1 .8ms.  This  action  is  normally  transparent  to 
the  user. 

Auxiliary  Outputs  -  "Free"  Extra  Voltages 

Semi-regulated  secondary  outputs  may  be  added  to  buck 
converters  by  adding  additional  windings  to  the  main 
inductor.  These  outputs  will  have  a  typical  regulation  of  5 
to  10%,  but  have  one  very  important  limitation.  The  total 
output  power  of  the  auxiliary  windings  is  limited  by  the 
output  power  of  the  main  output.  If  this  limit  is  exceeded, 
the  auxiliary  winding  voltages  will  begin  to  collapse, 
although  the  main  5V  output  is  unaffected  by  collapse  of 
the  secondary.  The  auxiliary  power  available  is  also  a 
function  of  input  voltage.  At  higher  input  voltages  signifi- 
cantly more  power  is  available. 

Figure  19  shows  the  ratio  of  maximum  auxiliary  power  to 
main  output  power,  versus  input  voltage.  The  auxiliary 
output  was  loaded  until  its  output  voltage  dropped  10%. 
For  applications  which  push  the  limit  of  theoretically 
available  current,  care  should  be  used  in  winding  the 
inductor.  The  effects  of  leakage  inductance  and  series 
resistance  are  magnified  at  low  input  voltage  where  aux- 
iliary winding  currents  are  many  times  DC  load  current. 
Also,  be  aware  that  output  voltage  ripple  on  the  5V  main 
output  can  increase  significantly  when  the  auxiliary  output 
is  heavily  loaded.  The  inductor  is  acting  partially  like  a 
transformer,  so  the  AC  current  delivered  to  the  5V  output 
capacitor  increases  in  amplitudeand  shifts  from  a  tri-wave 
to  a  trapezoid  with  much  faster  edges. 

A  typical  example  would  be  a  +5V  buck  converter  with  a 
minimum  load  of  500mA.  Output  power  is  5V  x  0.5A  = 
2.5W.  Maximum  power  from  the  auxiliary  windings  would 
be  1.25W  for  input  voltages  of  Wand  above.  If  we  assume 
a  low  dropout  linear  regulator  on  the  auxiliary  output,  with 


a  regulated  output  voltage  of  minus  5V,  the  auxiliary 
winding  output  would  have  to  be  about  minus  7V.  Maxi- 
mum output  current  from  the  7V  output  would  be  1 .25W/ 
7V  =  1 78mA.  Note  that  the  power  restriction  is  the  fo/a/for 
all  auxiliary  outputs. 

The  formula  to  calculate  turns  ratio  for  the  auxiliary 
windings  versus  main  winding  is  simple: 

u        NMAIN[VAUX+(VD0  =  2V)  +  VDA] 

Naux  =  5VT^ 

Nmain  =  Number  of  turns  on  main  inductor  winding 

Naux  =  Number  of  turns  on  auxiliary  winding 

Vda  =  Auxiliary  diode  forward  voltage 

VD  =  Main  5V  catch  diode  forward  voltage 

Vdo  =  Allowance  for  regulation  of  auxiliary  winding  and 
dropout  voltage  of  low-dropout  linear  regulator  used  on 
auxiliary  winding.  Set  equal  to  zero  if  no  regulator  is  used. 

20  I  1  1  1  1 


1  15 


0  I  1  1  1  

0  5  10  15  20 

INPUT  VOLTAGE  (V) 

LTH32F19 

Figure  19.  Auxiliary  Power  vs  5V  Power 


It  is  not  necessary  to  use  a  linear  regulator  on  the  auxiliary 
winding  if  5  to  1 0%  regulation  is  adequate.  Line  regulation 
will  be  fairly  good,  but  variations  in  auxiliary  voltage  will 
occur  with  load  changes  on  eitherthe  auxiliary  winding  or 
the  5V  output.  For  relatively  constant  loads,  regulation  will 
be  significantly  better. 
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OUTPUT 


Figure  20 


Figure  20  shows  how  to  connect  the  auxiliary  windings. 
Dots  indicate  winding  polarity.  Pay  attention  here  --  his- 
tory shows  that  with  a  50%  chance  of  connecting  up  the 
auxiliary  correctly  when  you  ignore  the  dots,  in  actual 
practice  you  will  be  wrong  90%  of  the  time. 

The  floating  output  can  have  either  end  grounded,  depend- 
ing on  the  need  for  a  positive  or  negative  output.  Also 
shown  are  the  connections  for  both  positive  and  negative 
outputs  using  a  linear  regulator.  Note  that  the  two  circuits 
are  identical!  The  floating  auxiliary  winding  allows  the  use 
of  a  positive  low-dropout  regulator  for  negative  outputs. 
These  positive  regulators  are  more  readily  available,  espe- 
cially at  lower  current  levels. 

There  is  a  way  to  "cheat"  somewhat  on  auxiliary  power  for 
positive  outputs  higher  than  the  5V  main  output.  The 
auxiliary  winding  return  can  be  connected  to  the  5V 
output.  This  reduces  the  winding  voltage  so  that  more 
current  is  available,  and  at  the  same  time  it  actually  adds 


a  load  to  the  5V  output  to  bootstrap  itself.  Figure  21  shows 
maximum  current  out  of  a  14V  auxiliary  (used  to  power  a 
1 2V  linear  regulator)  connected  in  this  fashion.  The  aux- 
iliary winding  voltage  isactuaily  9V.  Note  thatfor  lighter  5V 
loads,  there  is  an  inflection  point  in  the  curves  at  about 
11V.  That  is  because  theoretically  the  bootstrapping  effect 
should  allow  one  to  draw  unlimited  power  from  the 
auxiliary  winding  when  duty  cycle  exceeds  50%.  The 
actual  available  current  above  50%  duty  cycle  is  limited  by 
parasitic  losses.  At  high  5V  loads,  the  inflection  disap- 
pears for  the  same  reason.  The  curves  asymptotically 
approach  1  amp  at  high  input  voltage  because  the  criteria 
used  to  generate  the  curves  was  a  drop  in  auxiliary  output 
voltage  to  13.5V,  and  again  parasitic  resistance  limits 
output  current. 

Auxiliary  windings  deliver  current  in  triangular  or  quasi- 
square  waves  only  during  switch  off  time.  Therefore  the 
amplitude  of  these  pulses  will  be  somewhat  higher  than 
the  DC  auxiliary  load  current,  especially  at  low  input 
voltage.  This  means  that  in  the  "stacked"  connection, 
ripple  voltage  on  the  5V  output  will  increase  with  auxiliary 
load  current. 


14V  LOAD  INCREASED 
UNTILV  =  13.5V 

I 

l(+5)  =  1A. 


10       12       14       16       18  20 
INPUT  VOLTAGE  (V) 


Figure  21 
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The  circuit  in  Figure  22  will  convert  a  variable  positive  input 
voltage  to  a  regulated  -5V  output.  By  selecting  different 
members  of  the  LT1070  family,  this  basic  design  can 
provide  up  to  6A  output  current  at  high  input  voltages.,  and 
up  to  3A  with  a  five  volt  input  supply.  As  shown  using  an 
LT1 271 ,  maximum  load  current  has  been  reduced  to  1 A  by 
utilizing  the  current  limit  circuit  in  the  LT1432.  Unlike  a 
positive  buck  converter,  it  is  not  possible  to  sense  output 
currentdirectly.  Instead,  switch/inductorcurrentissensed. 
This  would  normally  result  in  a  DC  output  current  limit 
value  that  changes  considerably  with  input  voltage,  but  the 
addition  of  R2  and  R3  alters  peak  current  limit  as  a  function 
of  input  voltage  to  correct  for  this  effect.  Maximum  load 
current  and  short  circuit  current  are  shown  as  a  function 


of  input  voltage  in  Figure  23.  A  0.02Q  sense  resistor  was 
used,  so  other  values  of  current  limit  can  be  scaled  from 
this  value. 

This  circuit  uses  the  same  basic  connections  between  the 
LT1 432  and  the  LT1271  as  the  buck  converter.  The  differ- 
ence is  in  the  way  power  flows  in  the  catch  diode,  inductor, 
and  switch.  In  a  buck  converter,  current  flows  simulta- 
neously in  the  switch,  inductor,  and  output.  This  makes 
maximum  output  current  approximately  equal  to  maxi- 
mum switch  current.  In  inverting  designs,  current  deliv- 
ered to  the  output  is  zero  during  switch  on-time.  The 
switch  allows  currenttoflowdirectly  from  the  input  supply 
through  the  inductor  to  ground.  At  switch  turn-off,  induc- 
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Figure  22.  Positive-to-Negative  Converter 
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Figure  23.  Positive-to-Negative  Converter 
Output  Current 

tor  current  is  diverted  through  the  catch  diode  to  the 
output.  Figure  24  shows  switch  current  (1 A/DIV)  with  the 
upper  waveform,  and  catch  diode  current  (which  is  deliv- 
ered to  the  output)  in  the  lower  waveform,  with  a  +5V  input 
and  1 A  load.  Note  that  switch,  inductor,  and  diode  currents 
are  much  higherthan  output  current  as  required  by  the  fact 
that  current  is  delivered  to  the  output  during  only  part  of 
a  switch  cycle.  An  approximate  formula  for  peak  switch 
current  required  in  an  inverting  design  is: 


'sw(peak)  -  'out 


1  + 


%JI+vp 


VIN  _IOUt(RSw)^  'N  01 
V|H 


VIN 


+  2(L)(f)(V, 


IN 


+v0UT) 


VF  =  Forward  voltage  of  catch  diode 
Ftsw  =  Switch  on-resistance 
L  =  Inductor  value 
f  =  Switching  frequency 
If  Vin  is  4.7V  (minimum), 
VF  =  0.4V,  Rsw  =  0.25Q, 
L  =  50u.H,  f  =  60kHz,  and  Iqut  =  1A; 


'diode 
1A/DIV 


Figure  24.  Positive-to-Negative  Converter 
Switch  and  Diode  Current 


'SW(PEAK)  - 


1  +  - 


5  +  0.4 


4.7-1(0.25) 
4.75(5) 


(4.7  +  5) 

4.7  ; 


2(50E_6)(60E3)(4.75  +  5) 

=  2.29  + 0.4  =  2.69A 

The  first  term  (2.29A)  represents  the  minimum  switch 
current  required  if  the  inductor  were  infinitely  large.  A 
finite  inductor  value  requires  additional  switch  current. 
The  0.4A  represents  one-half  the  peak-to-peak  inductor 
ripple  current.  The  end  result  is  that  peak  switch  current  is 
almost  three  times  output  load  current.  This  multiplier 
drops  rapidly  at  higher  input  voltages,  so  worst  case  is 
calculated  at  lower  input  voltage. 

Figure  25  shows  the  efficiency  of  this  converter.  At  higher 
input  voltages  and  modest  output  currents  efficiency 
hovers  around  85%,  quite  good  for  a  5V  output  inverter. 
Low  input  voltage  reduces  efficiency  because  of  increased 
currents  in  the  switch,  catch  diode,  and  inductor.  High 
input  voltage  and  low  output  current  also  show  lower 
efficiency  due  to  quiescent  currents  in  the  ICs.  Note  that 
the  efficiency  is  actually  significantly  improved  in  this 
regard  over  a  more  conventional  design  because  the 
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LT1 271  operates  from  a  constant  5V  supply  voltage  rather 
than  the  high  input  voltage. 

Output  voltage  ripple  in  an  inverter  can  be  much  higher 
than  a  buck  converter  because  current  is  delivered  to  the 
output  capacitor  in  high  amplitude  square  waves  rather 
than  a  DC  level  with  superimposed  tri-wave.  C2  is  there- 
fore somewhat  larger  than  in  a  buck  design.  Also  C2  must 
be  rated  to  handle  the  large  RMS  current  pulses  fed  into  it. 
This  RMS  current  is  approximately  equal  to: 


For  1A  output  current,  with  5V  input,  this  computes  to 
1Arms  in  the  output  capacitor.  A  small  additional  output 
filter  would  reduce  output  ripple  voltage,  but  it  does  not 
change  the  current  rating  requirementforthe  main  output 
capacitor.  The  reader  is  referred  to  a  switching  regulator 
CAD  program  (SwitcherCAD)  supplied  by  LTC  for  further 
insight  into  converters.  It  is  suggested  that  the  reader  fool 
the  program  by  asking  fora  negative  input,  positive  output 


design.  It  will  then  select  the  LT1 070  family  of  iCs  which 
normally  are  not  used  in  positive  to  negative  converters. 
Efficiency  calculations  will  be  somewhat  in  error  at  higher 
input  voltages  because  the  program  assumes  full  input 
voltage  across  the  IC.  Later  versions  of  SwitcherCAD  will 
have  a  special  section  for  this  particular  design. 
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Figure  25.  Positive-to-Negative  Converter  Efficiency 
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 LT1073 

Micropower 
DC-DC  Converter 
Adjustable  and  Fixed  5V,  12V 


F€flTUR€S 

■  No  Design  Required 

■  Operates  at  Supply  Voltages  From  1  .OV  to  30V 

■  Consumes  Only  95u.A  Supply  Current 

■  Works  in  Step-Up  or  Step-Down  Mode 

■  Only  Three  External  Off-the-Shelf  Components 
Required 

■  Low-Battery  Detector  Comparator  On-Chip 

■  User-Adjustable  Current  Limit 

■  Internal  1A  Power  Switch 

■  Fixed  or  Adjustable  Output  Voltage  Versions 

■  Space-Saving  8-Pin  MiniDIP  or  S08  Package 

fippLicnnons 


Pagers 
Cameras 

Single-Cell  to  5V  Converters 

Battery  Backup  Supplies 

Laptop  and  Palmtop  Computers 

Cellular  Telephones 

Portable  Instruments 

4mA-20mA  Loop  Powered  Instruments 

Hand-Held  Inventory  Computers 

Battery-Powered  a,  (3,  y  Particle  Detectors 


DESCRIPTION 

The  LT1073  is  a  versatile  micropower  DC-DC  converter. 
The  device  requires  only  three  external  components  to 
deliver  a  fixed  output  of  5V  or  1 2V.  The  very  low  minimum 
supply  voltage  of  1.0V  allows  the  use  of  the  LT1073  in 
applications  where  the  primary  power  source  is  a  single 
cell.  An  on-chip  auxiliary  gain  block  can  function  as  a  low- 
battery  detector  or  linear  post-regulator. 

Average  current  drain  of  the  LT1 073-5  used  as  shown  in 
the  Typical  Application  circuit  below  is  just  135u.A  un- 
loaded, making  it  ideal  for  applications  where  long  battery 
life  is  important.  The  circuit  shown  can  deliver  5V  at  40mA 
from  an  input  as  low  as  1.25V,  and  5V  at  10mA  from  a 
1.00V  input. 

The  device  can  easily  be  configured  as  a  step-up  or  step- 
down  converter,  although  for  most  step-down  applica- 
tions or  input  sources  greater  than  3V,  the  LT1173  is 
recommended.  Switch  current  limiting  is  user-adjustable 
by  adding  a  single  external  resistor.  Unique  reverse- 
battery  protection  circuitry  limits  reverse  current  to  safe, 
non-destructive  levels  at  reverse  supply  voltages  up  to 
1.6V. 


TYPICAL  flPPUCATIOn 

Single-Cell  to  5V  Converter 
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ABSOiuTC  mnximum  rrtirgs 

Supply  Voltage,  Step-Up  Mode  15V 

Supply  Voltage,  Step-Down  Mode  36V 

SW1  Pin  Voltage  50V 

SW2  Pin  Voltage  -0.4V  to  V!N 

Feedback  Pin  Voltage  (LT1073)  5V 

Switch  Current  1.5A 

Maximum  Power  Dissipation  500mW 

Operating  Temperature  Range  (LT1073C)  ...0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORmflTIOfl 


IUM  LI 

V|N  LI 
SW1  LI 

SW2  [T 


TOP  VIEW 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 

"FIXED  VERSIONS 


T]  FB  (SENSE)- 
jj  SET 
6]  AO 
J]  GND 

LT1073.POWI 


]TJ  FB  (SENSE)' 
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^  AO 

J]  GND 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

•FIXED  VERSIONS 


LT1073  ■  POW2 


ORDER  PART 
NUMBER 


LT1073CN8 

LT1073CN8-5 

LT1073CN8-12 


LT1073CS8 

LT1073CS8-5 

LT1073CS8-12 


S8  PART  MARKING 


1073 
07305 
07312 


€l€CTRICfll  CHRRRCT€RISTICSta  =  25  C,  V|N  =  1.5V  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN            TYP  MAX 

UNITS 

Iq 

Quiescent  Current 

Switch  Off 

95  130 

uA 

Iq 

Quiescent  Current,  Step-Up 

No  Load 

LT1 073-5 

135 

uA 

Mode  Configuration 

LT1073-12 

250 

VlN 

Input  Voltage 

Step-Up  Mode 

1.15 
1.0 

12.6 
12.6 

V 

Step-Down  Mode 

30 

Comparator  Trip  Point  Voltage 

LT1 073  (Note  1) 

202 

212 

222 

mV 

VOUT 

Output  Sense  Voltage 

LT1 073-5  (Note  2) 

4.75 

5.00 

5.25 

V 

LT1073-12  (Note2) 

11.4 

12.00 

12.6 

Comparator  Hysteresis 

LT1073 

5 

10 

mV 

Output  Hysteresis 

LT1 073-5 

125 

250 

mV 

LT1073-12 

300 

600 

fosc 

Oscillator  Frequency 

15 

19 

23 

kHz 

DC 

Duty  Cycle 

Full  Load  (VFB  <  VREf) 

65 

72 

80 

% 

tON 

Switch  ON  Time 

30 

38 

50 

us 

Ifb 

Feedback  Pin  Bias  Current 

LT1073,  VFB  =  0V 

10 

50 

nA 

ISET 

Set  Pin  Bias  Current 

VSET  =  VREF 

60 

120 

nA 

Vao 

AO  Output  Low 

Iao  =  -100mA 

0.15 

0.4 

V 

Reference  Line  Regulation 

1.0V  <V,N<  1.5V 

0.35 

1.0 

%/V 

1.5V<V|N  <12V 

0.05 

0.1 
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€l€CTMCm  CHARACTERISTICS  TA  =  25°C,  V|N  =  1  5V  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VCESAT 

Switch  Saturation  Voltage 
Step-Up  Mode 

V|N  =  1 ,5V,  lsw  =  400mA 

• 

300 

400 
600 

mV 

V|N  =  1.5V,  lsw  =  500mA 

• 

400 

550 
750 

V,n  =  5V,  lsw  =  tA 

• 

700 

1000 
1500 

AV 

A2  Error  Amp  Gain 

RL  =  100kf2(Note3) 

• 

400 

1000 

V/V 

•rev 

Reverse  Battery  Current 

(Note  4) 

750 

mA 

IUM 

Current  Limit 

220fi  Between  lUM  and  V!N 

400 

mA 

Current  Limit  Temperature 
Coefficient 

-0.3 

%/°C 

Ileak 

Switch  OFF  Leakage  Current 

Measured  at  SW1  Pin 

1 

10 

»A 

VSW2 

Maximum  Excursion  Below  GND 

Iswi  s  1 0jaA,  Switch  Off 

-400 

-350 

mV 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  This  specification  guarantees  that  both  the  high  and  low  trip  point 
of  the  comparator  fall  within  the  202mV  to  222mV  range. 
Note  2:  This  specification  guarantees  that  the  output  voltage  of  the  fixed 
versions  will  always  fall  within  the  specified  range.  The  waveform  at  the 
sense  pin  will  exhibit  a  sawtooth  shape  due  to  the  comparator  hysteresis. 


Note  3: 100kQ  resistor  connected  between  a  5V  source  and  the  AO  pin. 
Note  4:  The  LT1073  is  guaranteed  to  withstand  continuous  application  of 
+1.6V  applied  to  the  GND  and  SW2  pins  while  V,N,  lUM,  and  SW1  pins  are 
grounded. 


TYPICAL  P€RFORmnnC€  CHARACTERISTICS 
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20 
18 

1 16 

I  14 

m 

§  12 
o 

§  10 

CD 

SB  « 


Feedback  Pin  Bias  Current  vs 
Temperature 


-50   -25      0      25      50      75    100  125 
TEMPERATURE  (°C) 


LTI073  •  TPC04 


Supply  Current  vs  Temperature 


1 


1  1 

V...  -  1 

I 

-50  -25      0      25     50      75    100  125 
TEMPERATURE  (°C) 


Set  Pin  Bias  Current  vs 
Temperature 


200 
175 
f.  150 

1  125 

EE 

"  100 

CO 

2  75 


-50  -25      0      25     50      75    100  125 
TEMPERATURE  (°C) 

LT1073.TPCW5 

Recommended  Minimum 
Inductance  Value 


,  250 
200 
150 
100 


I 

  Rl  IM  = 

0 

\ 

1.0   1.5    2.0    2.5    3.0    3.5   4.0    4.5  5.0 
INPUT  VOLTAGE  (V) 


"Gain  Block"  Gain 


1800 

1600 

1400 

g.1200 

—1000 
z 

S  800 
m 

°  600 
400 
200 


I  I 
1.5V,  Ri  =  100kQ 

-50  -25      0      25      50     75    100  125 
TEMPERATURE  (°C) 


LT1073-TFCO2 


Guaranteed  Minimum  Output 
Current  at  5V  vs  VIN 


RV|N>1.6VA 
li  RESISTOR 

-6 

BETW 

EN 

UM 

w 

LT1073-TPC0B 


2.0  2.5 
VlN  (V) 


3.5 


pin  Funcnons 

•uM(Pin1):  Connect  this  pin  to  ViNfor  normal  use.  Where 
lower  current  limit  is  desired,  connect  a  resistor  between 
lLiM  and  V|N.  A  22012  resistor  will  limit  the  switch  current 
to  approximately  400mA. 

Vin  (Pin  2):  Input  supply  voltage. 

SW1  (Pin  3):  Collector  of  power  transistor.  For  step-up 
mode  connect  to  inductor/diode.  For  step-down  mode 
connect  to  Vin. 

SW2  (Pin  4):  Emitter  of  power  transistor.  For  step-up 
mode  connect  to  ground.  For  step-down  modeconnectto 
inductor/diode.  This  pin  must  never  be  allowed  to  go  more 
than  a  Schottky  diode  drop  below  ground. 


GND  (Pin  5):  Ground. 

AO  (Pin  6):  Auxiliary  Gain  Block  (GB)  output.  Open  collector, 
can  sinklOOuA 

SET  (Pin  7):  GB  input.  GB  is  an  op  amp  with  positive  input 
connected  to  SET  pin  and  negative  input  connected  to 
212mV  reference. 

FB/SENSE  (Pin  8):  On  the  LT1073  (adjustable)  this  pin 
goes  to  the  comparator  input.  On  the  LT1 073-5  and 
LT1 073-1 2,  this  pin  goes  to  the  internal  application  resistor 
that  sets  output  voltage. 
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LT1073  BLOCK  DIAGRAM 


212mV 
REFERENCE 


A2       >   AO 

"  GAIN  BLOCK/ERROR  AMP 


GND 


n 


Ilim  SW1 


UA1 

COMPARATOR 


SW2 


LT1073-BO01 


IT1073  OPCRATIOn 


The  LT1073  is  a  gated  oscillator  switcher.  This  type 
architecture  has  very  low  supply  current  because  the 
switch  is  cycled  only  when  the  feedback  pin  voltage  drops 
below  the  reference  voltage.  Circuit  operation  can  best  be 
understood  by  referring  to  the  LT1073  block  diagram 
above.  Comparator  A1  compares  the  FB  pin  voltage  with 
the  212mV  reference  signal.  When  FB  drops  below 
212mV,  A1  switches  on  the  19kHz  oscillator.  The  driver 
amplifier  boosts  the  signal  level  to  drive  the  output  NPN 
power  switch  Q1.  An  adaptive  base  drive  circuit  senses 
switch  current  and  provides  just  enough  base  drive  to 
ensure  switch  saturation  without  overdriving  the  switch, 
resulting  in  higher  efficiency.  The  switch  cycling  action 
raises  the  output  voltage  and  FB  pin  voltage.  When  the  FB 
voltage  is  sufficient  to  trip  A1 ,  the  oscillator  is  gated  off.  A 
small  amount  of  hysteresis  built  into  A1  ensures  loop 
stability  without  external  frequency  compensation.  When 
the  comparator  is  low  the  oscillator  and  all  high  current 
circuitry  is  turned  off,  lowering  device  quiescent  currentto 
just  95p.A  for  the  reference,  A1  and  A2. 

The  oscillator  is  set  internally  for  38u.s  ON  time  and  1 5u.s 
OFF  time,  optimizing  the  device  for  step-up  circuits  where 
Vqut  «  3V|N,  e.g.,  1 .5V  to  5V.  Other  step-up  ratios  as  well 
as  step-down  (buck)  converters  are  possible  at  slight 
losses  in  maximum  achievable  power  output. 


A2  is  a  versatile  gain  block  that  can  serve  as  a  low-battery 
detector,  a  linear  post-regulator,  or  drive  an  undervoltage 
lockout  circuit.  The  negative  input  of  A2  is  internally  con- 
nected to  the  21 2mV  reference.  An  external  resistor  divider 
from  V|N  to  GND  provides  the  trip  point  for  A2.  The  AO 
output  can  sink  1 00u.A  (use  a  56k  resistor  pull-up  to  +5V). 
This  line  can  signal  a  microcontrollerthatthe  battery  voltage 
has  dropped  below  the  preset  level. 

A  resistor  connected  between  the  Ilim  pin  and  Vin  adjusts 
maximum  switch  current.  When  the  switch  current  ex- 
ceeds the  set  value,  the  switch  is  turned  off.  This  feature 
is  especially  useful  when  small  inductance  values  are  used 
with  high  input  voltages.  If  the  internal  current  limit  of  1.5A 
is  desired,  Ilim  should  be  tied  directly  to  Vim.  Propagation 
delay  through  the  current-limit  circuitry  is  about  2\is. 

In  step-up  mode,  SW2  is  connected  to  ground  and  SW1 
drives  the  inductor.  In  step-down  mode,  SW1  is  con- 
nected to  V|N  and  SW2  drives  the  inductor.  Output  voltage 
is  set  by  the  following  equation  in  either  step-up  or  step- 
down  modes  where  R1  is  connected  from  FB  to  GND  and 
R2  is  connected  from  Vqut  to  FB. 


VOUT=(212mV) 


R2 
R1 


+  1 


(01) 
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IT1073-5,  -12  BLOCK  DMGRflffl      LT1073-5,  -12  OP€RflTIOfl 


LT1073-5:  R1  = 
LT1073-12:  R2  = 


40kS2 
16.3kQ 


GND 


The  LT1 073-5  and  LT1073-12  fixed  output  voltage  ver- 
sions have  the  gain-setting  resistors  on-chip.  Only  three 
external  components  are  required  to  construct  a  fixed- 
output  converter.  5liA  flows  through  R1  and  R2  in  the 
LT1 073-5,  and  1 2.3u.A  flows  in  the  LT1 073-1 2.  This  cur- 
rent represents  a  load  and  the  converter  must  cycle  from 
time  to  time  to  maintain  the  proper  output  voltage.  Output 
ripple,  inherently  present  in  gated-oscillator  designs,  will 
typically  run  around  1 50mV  for  the  LT1 073-5  and  350mV 
for  the  LT1073-12  with  the  proper  inductor/capacitor 
selection.  This  output  ripple  can  be  reduced  considerably 
by  using  the  gain  block  amp  as  a  pre-amplifier  in  front  of 
the  FB  pin.  See  the  applications  section  for  details. 


application  inFonmnTion 

Measuring  Input  Current  at  Zero  or  Light  Load 

Obtaining  meaningful  numbers  for  quiescent  current  and 
efficiency  at  low  output  current  involves  understanding 
how  the  LT1 073  operates.  At  very  low  or  zero  load  current, 
the  device  is  idling  for  seconds  at  a  time.  When  the  output 
voltage  falls  enough  to  trip  the  comparator,  the  power 
switch  comes  on  for  a  few  cycles  until  the  output  voltage 
rises  sufficiently  to  overcome  the  comparator  hysteresis. 
When  the  power  switch  is  on,  inductor  current  builds  up 
to  hundreds  of  milliamperes.  Ordinary  digital  multimeters 
are  not  capable  of  measuring  average  current  because  of 
bandwidth  and  dynamic  range  limitations.  A  different 
approach  is  required  to  measure  the  100u.A  off-state  and 
500mA  on-state  currents  of  the  circuit. 


Quiescent  current  can  be  accurately  measured  using  the 
circuit  in  Figure  1 .  Vset  is  set  to  the  input  voltage  of  the 
LT1073.  The  circuit  must  be  "booted"  by  shorting  V2  to 
VSET.  After  the  LT1073  output  voltage  has  settled,  dis- 
connect the  short.  Input  voltage  is  V2,  and  average  input 
current  can  be  calculated  by  this  formula: 


!|N: 


V2-V1 
100O 


(02) 


LT1073  -TA03 


VSET  "  *  NON-POLARIZED 

Figure  1 .  Test  Circuit  Measures  No-Load  Quiescent  Current  of  LT1073  Converter 
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Table  1 .  Component  Selection  for  Step-Up  Converters 


INPUT 

wni  TAPE 

VOLTAGE 

BATTERY 
TYPE 

OUTPUT 

HOI  TATE 

VULIAub 

OUTPUT 

PI  IDDCZMT  /Ml  Hi 

LUnnbN  1  (IVIIN) 

INDUCTOR 

MAI  IIC  /..U\ 

VALUt  \\inf 

INDUCTOR 

DADT  MIIMDCD 

rAnl  NUIYlDbn 

CAPACITOR 

mai  me: 
VALUb 

NUIbo 

1.55-1.25 

Single  Alkaline 

3.0V 

60mA 

82 

o  PAin  oooi/  pd  7onn  -to 

150|4.F 

1.30-1.05 

Single  Ni-Lad 

3.0V 

20mA 

180 

P  PAHfl  IQOt/  pd  7onn  1C 

b  bAlU-loJK,  Ud  /dUU-lD 

47jiF 

Single  Alkaline 

o.uv 

ft9 

p.  QAin  rook  pr  7Qnn  10 

1  UULlr 

1.30-1.05 

Single  Ni-Cad 

5.0V 

10mA 

180 

GGA10-183K,  CB  7300-16 

22u.F 

3.1-2.1 

Two  Alkaline 

5.0V 

80mA 

120 

G  GA10-123K,  CB  7300-14 

470u.F 

3.1-2.1 

Two  Alkaline 

5.0V 

25mA 

470 

GGA10-473K,  CB  7300-21 

150U.F 

3.3-2.5 

Lithium 

5.0V 

100mA 

GGA40-153K,  CB  6860-15 

470fiF 

3.1-2.1 

Two  Alkaline 

12V 

25mA 

120 

GGA10-123K,  CB  7300-14 

220u.F 

3.1-2.1 

Two  Alkaline 

12V 

5mA 

470 

GGA10-473K,  CB  7300-21 

100nF 

3.3-2.5 

Lithium 

12V 

30mA 

150 

GGA10-153K,  CB  7300-15 

220u.F 

4.5-5.5 

TTL  Supply 

12V 

90mA 

220 

GGA40-223K,  CB  6860-17 

470nF 

* 

4.5-5.5 

TTL  Supply 

12V 

22mA 

1000 

GGA10-104K,  CB  7300-25 

100(iF 

4.5-5.5 

TTL  Supply 

24V 

35mA 

220 

GGA40-223K,  CB  6860-17 

150u.F 

G  a  GOWANOA  CB  =  CAODELL-BURNS 
*  Add  68Q  from  lUM  to  V!N 


Inductor  Selection 

A  DC-DC  converter  operates  by  storing  energy  as  mag- 
netic flux,  in  an  inductor  core,  and  then  switching  this 
energy  into  the  load.  Since  it  is  flux,  not  charge,  that  is 
stored,  the  output  voltage  can  be  higher,  lower,  or  opposite 
in  polarity  to  the  input  voltage  by  choosing  an  appropriate 
switching  topology.  To  operate  as  an  efficient  energy 
transfer  element,  the  inductor  must  fulfill  three  require- 
ments. First,  the  inductance  must  be  low  enough  for  the 
inductor  to  store  adequate  energy  under  the  worst-case 
condition  of  minimum  input  voltage  and  switch  ON  time. 
The  inductance  must  also  be  high  enough  so  that  maximum 
current  ratings  of  the  LT1073  and  inductor  are  not  ex- 
ceeded at  the  other  worst-case  condition  of  maximum 
input  voltage  and  ON  time.  Additionally,  the  inductor  core 
must  be  able  to  store  the  required  flux,  i.e.,  it  must  not 
saturate.  At  power  levels  generally  encountered  with 
LT1 073-based  designs,  small  axial-lead  units  with  satura- 
tion current  ratings  in  the  300mA  to  1 A  range  (depending 
on  application)  are  adequate.  Lastly,  the  inductor  must 
have  sufficiently  low  DC  resistance  so  that  excessive 
power  is  not  lost  as  heat  in  the  windings.  An  additional 
consideration  is  Electro-Magnetic  Interference  (EMI). 
Toroid  and  pot  core  type  inductors  are  recommended  in 
applications  where  EMI  must  be  kept  to  a  minimum;  for 


example,  where  there  are  sensitive  analog  circuitry  or 
transducers  nearby.  Rod  core  types  are  a  less  expensive 
choice  where  EMI  is  not  a  problem. 

Specifying  a  proper  inductor  for  an  application  requires 
first  establishing  minimum  and  maximum  input  voltage, 
output  voltage,  and  output  current.  In  a  step-up  converter, 
the  inductive  events  add  to  the  input  voltage  to  produce  the 
output  voltage.  Power  required  from  the  inductor  is  de- 
termined by 

PL  =  (V0UT  +  VD-V|N)(|0UT)  (03) 

where  VD  is  the  diode  drop  (0.5V  for  a  1 N581 8  Schottky). 
Maximum  power  in  the  inductor  is 


PL  =  EL«fosc  (04) 

=  \l  'pEAK*fOSC 


where 
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R  =  Switch  equivalent  resistance  (1.0Q  maximum) 
added  to  the  DC  resistance  of  the  inductor,  and  t0N  =  ON 
time  of  the  switch. 

At  maximum  Vin  and  ON  time,  ipEAK  should  not  be  allowed 
to  exceed  the  maximum  switch  current  shown  in  Figure  2. 
Some  input/output  voltage  combinations  will  cause 
continuous1  mode  operation.  In  these  cases  a  resistor  is 
needed  between  I|_im  (pin  1 )  and  (pin  2)  to  keep  switch 
current  under  control.  See  the  "Using  the  ILim  Pin"  section 
for  details. 


Figure  2.  Maximum  Switch  Current  vs  Input  Voltage 
Capacitor  Selection 

Selecting  the  right  output  capacitor  is  almost  as  important 
as  selecting  the  right  inductor.  A  poor  choice  for  a  filter 
capacitor  can  result  in  poor  efficiency  and/or  high  output 
ripple.  Ordinary  aluminum  electrolytics,  while  inexpensive 
and  readily  available,  may  have  unacceptably  poor 
equivalent  series  resistance  (ESR)  and  ESL  (inductance). 
There  are  low-ESR  aluminum  capacitors  on  the  market 

1i.e.,  inductor  current  does  not  go  to  zero  when  the  switch  is  off. 


specifically  designed  for  switch-mode  DC-DC  converters 
which  work  much  better  than  general-purpose  units. 
Tantalum  capacitors  provide  still  better  performance  at 
more  expense.  We  recommend  OS-CON  capacitors  from 
Sanyo  Corporation  (San  Diego,  CA).  These  units  are  physi- 
cally quite  small  and  have  extremely  low  ESR.  To  illustrate, 
Figures  3, 4,  and  5  show  the  output  voltage  of  an  LT1 073- 
based  converter  with  three  100u.F  capacitors.  The  peak 
switch  current  is  500mA  in  all  cases.  Figure  3  shows  a 
Sprague  501 D  aluminum  capacitor.  Vout  jumps  by  over 
150mV  when  the  switch  turns  off,  followed  by  a  drop  in 
voltage  as  the  inductor  dumps  into  the  capacitor.  This 
works  out  to  be  an  ESR  of  over  300m£X  Figure  4  shows  the 
same  circuit,  but  with  a  Sprague  1 50D  tantalum  capacitor 
replacing  the  aluminum  unit.  Output  jump  is  now  about 
30m V,  corresponding  to  an  ESR  of  60mil  Figure  5  shows 
the  circuit  with  an  OS-CON  unit.  ESR  is  now  only  30mil 

In  very  low  power  applications  where  every  microampere 
is  important,  leakage  current  of  the  capacitor  must  be 
considered.  The  OS-CON  units  do  have  leakage  current  in 
the  5|iA  to  1 0p-A  range.  If  the  load  is  also  in  the  microam- 
pere range,  a  leaky  capacitor  will  noticeably  decrease 
efficiency.  In  this  type  application  tantalum  capacitors  are 
the  best  choice,  with  typical  leakage  currents  in  the  1p.A  to 
5p.A  range. 

Diode  Selection 

Speed,  forward  drop,  and  leakage  current  are  the  three 
main  considerations  in  selecting  a  catch  diode  for  LT1073 
converters.  "General-purpose"  rectifiers  such  as  the 
1N4001  are  unsuitable^  use  in  anyswitching-regulator 
application.  Although  they  are  rated  at  1A,  the  switching 
time  of  a  1N4001  is  in  the  1 0|as-50(a.s  range.  At  best, 
efficiency  will  be  severely  compromised  when  these  di- 


20MS/DIV 

LTtl 

Figure  3.  Aluminum 


Figure  4.  Tantalum 


20ns/DIV 

i 

Figure  5.  OS-CON 
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odes  are  used,  and  at  worst,  the  circuit  may  not  work  at  all. 
Most  LT1073  circuits  will  be  well  served  by  a  1N5818 
Schottky  diode.  The  combination  of  500mV  forward  drop 
at  1A  current,  fast  turn-on  and  turn-off  time,  and  4u.A  to 
1 0u.A  leakage  current  fit  nicely  with  LT1 073  requirements. 
At  peak  switch  currents  of  1 00mA  or  less,  a  1 N41 48  signal 
diode  may  be  used.  This  diode  has  leakage  current  in  the 
1nA-5nA  range  at  25°C  and  lower  cost  than  a  1N5818. 
(You  can  also  use  them  to  get  your  circuit  up  and  running, 
but  beware  of  destroying  the  diode  at  1 A  switch  currents.) 
I  n  situations  where  the  load  is  intermittent  and  the  LT1 073 
is  idling  most  of  the  time,  battery  life  can  sometimes  be 
extended  by  using  a  silicon  diode  such  as  the  1N4933, 
which  can  handle  1A  but  has  leakage  current  of  less  than 
1(xA.  Efficiency  will  decrease  somewhat  compared  to  a 
1 N581 8  while  delivering  power,  but  the  lower  idle  current 
may  be  more  important. 

Step-Up  (Boost  Mode)  Operation 

A  step-up  DC-DC  converter  delivers  an  output  voltage 
higher  than  the  input  voltage.  Step-up  converters  are  not 
short-circuit  protected  since  there  is  a  DC  path  from  input 
to  output. 

The  usual  step-up  configuration  for  the  LT1073  is  shown 
in  Figure  6.  The  LT1073  first  pulls  SW1  low  causing  V|r 
Vcesat  to  appear  across  L1 .  A  current  then  builds  up  in  L1 . 
At  the  end  of  the  switch  ON  time  the  current  in  L1  is2: 


'PEAK  =  -J-  tfJN 


(06) 


2This  simple  expression  neglects  the  effect  of  switch  and  coil  resistance. 
These  are  taken  into  account  in  the  "Inductor  Selection"  section. 

L1  D1 


=  OPTIONAL 


Immediately  after  switch  turn-off,  the  SW1  voltage  pin 
starts  to  rise  because  current  cannot  instantaneously  stop 
flowing  in  L1.  When  the  voltage  reaches  Vout  +  Vp,  the 
inductor  current  flows  through  D1  into  C1,  increasing 
Vout-  This  action  is  repeated  as  needed  by  the  LT1073  to 
keep  Vfb  at  the  internal  reference  voltage  of  212mV.  R1 
and  R2  set  the  output  voltage  according  to  the  formula 

VOUT=(l  +  f)(212mV)  (07) 

Step-Down  (Buck  Mode)  Operation 

A  step-down  DC-DC  converter  converts  a  higher  voltage  to 
a  lower  voltage.  It  is  short-circuit  protected  because  the 
switch  is  in  series  with  the  output.  Step-down  converters 
are  characterized  by  low  output  voltage  ripple  but  high 
input  current  ripple.  The  usual  hookup  for  an  LT1073- 
based  step-down  converter  is  shown  in  Figure  7. 


Figure  7.  Step-Down  Mode  Hookup 

When  the  switch  turns  on,  SW2  pulls  up  to  V|N- VSw-  This 
puts  a  voltage  across  L1  equal  to  Vin  -  Vsw  -  Vout. 
causing  acurrentto  build  up  in  L1.  At  the  end  of  the  switch 
ON  time,  the  current  in  L1  is  equal  to 

vin-Vsw 


'peak  : 


VOUT 


tfJN 


(08) 


Figure  6.  Step-Up  Mode  Hookup. 
Refer  to  Table  1  for  Component  Values 


When  the  switch  turns  off  the  SW2  pin  falls  rapidly  and 
actually  goes  below  ground.  D1  turns  on  when  SW2 
reaches  0.4V  below  ground.  D1  MUST  BE  A  SCHOTTKY 
DIODE.  The  voltage  at  SW2  must  never  be  allowed  to  go 
below-0.5V.  A  silicon  diode  such  as  the  1 N4933  will  allow 
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SW2to  goto-0.8V,  causing  potentially  destructive  power 
dissipation  inside  the  LT1073.  Output  voltage  is  i 
mined  by 

V0UT=(l  +  f 

R3  programs  switch  current  limit.  This  is  especially  im- 
portant in  applications  where  the  input  varies  over  a  wide 
range.  Without  R3,  the  switch  stays  on  for  a  fixed  time 
each  cycle.  Under  certain  conditions  the  current  in  L1  can 
build  up  to  excessive  levels,  exceeding  the  switch  rating 
and/or  saturating  the  inductor.  The  220Q.  resistor  pro- 
grams the  switch  to  turn  off  when  the  current  reaches 
approximately  400mA.  When  using  the  LT1073  in  step- 
down  mode,  output  voltage  should  be  limited  to  6.2V  or 
less. 

Inverting  Configurations 

The  LT1073  can  be  configured  as  a  positive-to-negative 
converter  (Figure  8),  or  a  negative-to-positive  converter 
(Figure  9).  In  Figure  8,  the  arrangement  is  very  similar  to 
a  step-down,  except  that  the  high  side  of  the  feedback  is 
referred  to  ground.  This  level  shifts  the  output  negative.  As 
in  the  step-down  mode,  D1  must  be  a  Schottky  diode,  and 
|  V0uT  I  should  be  less  than  6.2V. 

In  Figure  9,  the  input  is  negative  while  the  output  is 
positive.  In  this  configuration,  the  magnitude  of  the  input 
voltage  can  be  higher  or  lower  than  the  output  voltage.  A 
level  shift,  provided  by  the  PNPtransistor,  supplies  proper 
polarity  feedback  information  to  the  regulator. 


Using  the  IUm  Pin 

The  LT1 073  switch  can  be  prog  ram  med  to  tu  rn  off  at  a  set 
switch  current,  a  feature  not  found  on  competing  devices. 
This  enables  the  input  to  vary  over  a  wide  range  without 
exceeding  the  maximum  switch  rating  or  saturating  the 
inductor.  Consider  the  case  where  analysis  shows  the 
LT1073  must  operate  at  an  800mA  peak  switch  current 
with  a  2.0V  input.  If  Vim  rises  to  4V,  the  peak  switch  current 
will  rise  to  1.6A,  exceeding  the  maximum  switch  current 
rating.  With  the  proper  resistor  (seethe  "Maximum  Switch 
Current  vs  Rum"  characteristic)  selected,  the  switch  cur- 
rent will  be  limited  to  800mA,  even  if  the  input  voltage 
increases.  The  LT1073  does  this  by  sampling  a  small 
fraction  of  the  switch  current  and  passing  this  current 
through  the  external  resistor.  When  the  voltage  on  the  Ilim 
pin  drops  a  Vbe  below  Vin,  the  oscillator  terminates  the 
cycle.  Propagation  delay  through  this  loop  is  about  2u.s. 

Another  situation  where  the  Ium  feature  is  useful  is  when 
the  device  goes  into  continuous  mode  operation.  This 
occurs  in  step-up  mode  when 


VOUT  +  VDIODE 


1 


(10) 


V|N-VSW  1-DC 

When  the  input  and  output  voltages  satisfy  this  relation- 
ship, inductor  current  does  not  go  to  zero  during  the 
switch  OFF  time.  When  the  switch  turns  on  again,  the 
current  ramp  starts  from  the  non-zero  current  level  in  the 
inductor  just  prior  to  switch  turn-on.  As  shown  in  Figure 
10,  the  inductor  current  increases  to  a  high  level  before  the 
comparator  turns  off  the  oscillator.  This  high  current  can 


Figure  8.  Positive-to-Negative  Converter 


Figure  9.  Negative-to-Positive  Converter 
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SWITCH 


OFF 


U  U  L 


Figure  10.  No  Current  Limit  Causes  Large  Inductor 
Current  Build-Up 


ON 
OFF 


PROGRAMMED  CURRENT  LIMIT 


J  U  LTLTLTL 


Figure  11.  Current  Limit  Keeps  Inductor  Current  Under  Control 


^BAT  "EE" 


R3 
630> 


L1  D1 


AO  SW1 


FB  SET 
GND  SW2 


IT 


R1_R2(212mV   1)  /R2  \l  \ 

V,fl=  BATTERY  TRIP  POINT  VOUT  ■  \R1  *Vl212mV 


■Vqut 


Figure  12.  Setting  Low  Battery  Detector  Trip  Point 


Figure  13.  Output  Ripple  Reduction  Using  Gain  Block 


cause  excessive  output  ripple  and  requires  oversizing  the 
output  capacitor  and  inductor.  With  the  Ilim  feature, 
however,  the  switch  current  turns  off  at  a  programmed 
level  as  shown  in  Figure  11,  keeping  output  ripple  to  a 
minimum. 

Using  the  Gain  Block 

The  gain  block  (GB)  on  the  LT1 073  can  be  used  as  an  error 
amplifier,  low-battery  detector  or  linear  post-regulator. 
The  gain  block  itself  is  a  very  simple  PIMP  input  op  amp  with 
an  open-collector  NPN  output.  The  (-)  input  of  the  gain 
block  is  tied  internally  to  the  212mV  reference.  The  (+) 
input  comes  out  on  the  SET  pin. 


Arrangement  of  the  gain  block  as  a  low  battery  detector  is 
straightforward.  Figure  1 2  shows  hookup.  R1  and  R2  need 
only  be  low  enough  in  value  so  that  the  bias  current  of  the 
SET  input  does  not  cause  large  errors.  100k£2  for  R2  is 
adequate. 

Output  ripple  of  the  LT1073,  normally  150mV  at  5V0ut, 
can  be  reduced  significantly  by  placing  the  gain  block  in 
front  of  the  FB  input  as  shown  in  Figure  13.  This  effectively 
reduces  the  comparator  hysteresis  by  the  gain  of  the  gain 
block.  Output  ripple  can  be  reduced  to  just  a  few  millivolts 
using  this  technique.  Ripple  reduction  works  with  step- 
down  or  inverting  modes  as  well. 
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Table  2.  Inductor  Manufacturers 

Table  3.  Capacitor  Manufacturers 

MANUFACTURER 

PART  NUMBERS 

MANUFACTURER 

PART  NUMBERS 

Gowanda  Electronics  Corporation 
1  Industrial  Place 
Gowanda,  NY  14070 
716-532-2234 

GA40  Series 

Sanyo  Video  Components 
1201  Sanyo  Avenue 

619-661-6322 

OS-CON  Series 

Caddell-Burns 
258  East  Second  Street 
Mineola,  NY  11501 
516-746-2310 

7300  Series 
6860  Series 

Nichicon  America  Corporation 
927  East  State  Parkway 

Qrhanmhprn  II  £017*3 

708-843-7500 

PL  Series 

Coiltronics  International 
984  S.W.  13th  Court 
Pompano  Beach,  FL  33069 
305-781-8900 

Custom  Toroids 
Surface  Mount 

Sprague  Electric  Company 
Lower  Main  Street 
Sanford,  ME  04073 
207-324-4140 

iouu  ooiiu  idiiidiurns 
550D  Tantalex 

Toko  America  Incorporated 
1250  Feehanville  Drive 
Mount  Prospect,  IL  60056 
312-297-0070 

Type  8RBS 

Renco  Electronics  Incorporated 
60  Jefryn  Boulevard,  East 

RL1283 
RL1284 

Deer  Park,  NY  11729 
800-645-5828 
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1.5V  to  3V  Step-Up  Converter 

1N5818 
"M1 


•  1%  METAL  FILM 

*L1  =  GOWANDA  GA10-123k 

OR  CADDELL-BURNS  7300-14 


3V  OUTPUT 
20mA  AT 
VBATTERY  =  LOW 


100nF 


1 .5V  to  9V  Step-Up  Converter 

1N5818 


•1%  METAL  FILM 

+  L1  =  GOWANDA  GA10-123k 

OR  CADDELL-BURNS  7300-14 


9V  OUTPUT 

7mA  AT  Vbatterv  =  1  00V 
16mA  AT  VBATTERY  =  1.5V 


47m  F 
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1.5V  lo  12V  Step-Up  Converter 


,  1.5V 
CELL 


L1- 
120nH 


SW1 


LT1073-12 


SENSE 
5W2 


*L1  =  GOWANDA  GA10-123k 

OR  CADDELL-BURNS  7300-14 


1N5818 


-12V  OUTPUT  I- 
5mA  AT  VbatTERY  =  1  0V 


I  TWO 

1 6mA  AT  Vbattery  =  1 -5V    ^_1.5V  >100n 
T  CELLS  < 


3V  to  5V  Step-Up  Converter 

1N5818 


L1* 
68MH 


:47nF 


*L1  =  GOWANDA  GA10-682k 

OR  CADDELL-BURNS  7300-11 


5V  OUTPUT 
100  mA  AT 
VbaTTERY  =  2.0V 


I  100|iF 


r  two  i 

^L.  1.5V  >100Ii 
CELLS  f 


3Vto12V  Step-Up  Converter 

N5818 


3V  to  15V  Step-Up  Converter 


L1* 

e8^H 


L 


>LIM 
111073 


StSSE 


*L1  =  GOWANDA  GA10-682k 

OR  CADDELL-BURNS  7300-1 1 


-12V  OUTPUT 
35mA  AT 
VBATTERY  =  2.0V 


!47nF 


L1f 

68  (iH 


I   TWO  T 

—  1-5V  >100ii 
~~  CELLS  < 


SWl 


IT1073 


FB 


1M*< 


14.3k* 


-15V  OUTPUT 
27mA  AT 
Vbattery  =  20V 


i  47>iF 


•  1%  METAL  FILM 

H1  =  GOWANDA  GA10-682k 

OR  CADDELL-BURNS  7300-1 1 
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5V  to  12V  Step-Up  Converter 


•L1=G0WANDAGA20-153k 

OR  CADDELL-BURNS  7200-15 


5V  to  1SV  Step-Up  Converter 

5VIN  L1* 


150nH 


1N5818 


100(iF 


J  5012 


GND 


SW1 


1W  . 


■  15V  OUTPUT 
100mA  AT  4.5V|N 


:i00nF 


•  1%  METAL  FILM 

H1  =  GOWANDAGA20-153k 

OR  CADDELL-BURNS  7200-15 


iri073-TA31 


1.5V  to  5V  Step-Up  Converter  with  Logic  Shutdown 


82|iH 


1.5V 
CELL 


>LIM  % 
SW1 


I  I  WO  I  o 


SHUTDOWN/ OPERATE 


&W4C04 


-  5V  OUTPUT 


1N4148  <  40.2k- 


:  ioo^f 


*  1%  METAL  FILM 

*L1  =GOWANDAGA10-822k 

OR  CADDELL-BURNS  7300-12 


XTU0§S! 
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1.5V  to  5V  Step-Up  Converter  with  Low-Battery  Detector 


5V  OUTPUT 


LO  BAT  GOES  LOW 
AT  VBAnERV=  1.15V 


'  1%  METAL  FILM 

T  L1  =  GOWANDA  GA10-822k 

OR  CADDELL-BURNS  7300-12 


9V  to  3V  Step-Down  Converter  9V  to  5V  Step-Down  Converter 


•1%  METAL  FILM  -  *  L1  =  GOWANDA  GA10-103k 

*  L1  =  GOWANDA  GA10-103k  OR  CADDELL-BURNS  7300-13 

OR  CADDELL-BURNS  7300-13  mo,,.™ 
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1 .5V  to  5V  Bootstrapped  Step-Up  Converter 

1N581B 


"L1  =GOWANDAGA10-123k 

OR  CADDELL-BURNS  7300-14 
MINIMUM  START-UP  VOLTAGE  =  1 .1V 


Backup  Supply 


5V 
MAIN 
SUPPLY 


T 


1  5V 
CELL 


L1 

82nH 


V(N 
SW1 


LT1073 


*  =  1%  METAL  FILM 
"  =  OPTIONAL 
+L1  =  GOWANDA  GA10-822k 

OR  CADDELL-BURNS  7300-12 


806k- 


4o.2k-:  • 


■  5V  TO  MEMORY 
4.5V  WHEN  MAIN 
SUPPLY  OPEN 


;iOO(iF" 


3V  to  5V  Step-Up  Converter  with  Under-Voitage  Lockout 


J909k- 


"■».  look 
fj — Wv- 


L1 
68m  H 
_CYYY"l_ 


'LIM 


AO  SW1 
LT1073 


SET  ft 
GND  SW2 


1N5818 


-  1%  METAL  FILM 

H1  =  GOWANDA  GA10-682k 

OR  CADDELL-BURNS  7300-11 


-5V  OUTPUT 
100mA 

LOCKOUT  AT  1.8V 


;100MF 


LT1073-TA37 
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1.5V  to  5V  Low  Noise  Step-Up  Converter 


1.5V  to  5V  Very  Low  Noise  Step-Up  Converter 


L1f 

82>,H  1N5818 


klM  VIN 
FB  SW1 


AO  SET 
GNO  SW2 


•  1%  METAL  FILM 

fL1  =GOWANDAGA10-822k 

OR  CADDELL-BURNS  7300-12 


909k* 
+ 


5V  OUTPUT 
'  20mVp-p  RIPPLE 


:40.2k1 


.  100mF 
■  OS-CON 


FB  SW1 


H  AO  SET 
GND  SW2 


1N5818 


*  1%  METAL  FILM 

fL1  =  GOWANDAGA10-473k 

OR  CADDELL-BURNS  7300-21 

EFFICIENCY  =  83%  AT  5mA  LOAD 


■  5V  OUTPUT 
5mA  AT  Vbattery  =  1  00V 
10mVp-p  RIPPLE 

.  100MF 
OS-CON 


9Vto  5V  Reduced  Noise  Step-Down  Converter 


♦V|N- 

5.5V  TO  12V 


ILIM      V,N  SW1 

FB 


AO 
GND 


r 


SW2|— 1 

SET 


L1 
47|iH 


100nF  ±  _ 
OS-CON  ■ 


'  5V0UT 
90mA 
AT6.5V|N 


;  •  40.2k  • 


■1%  METAL  FILM 

♦  L1  =GOWANDAGA10-472k 

OR  CADDELL-BURNS  7300-09 

EFFICIENCY  =  80% 
lQ«130(iA 

OUTPUT  NOISE  =  1O0mVp-p 


4-190 


XTUIJBS 


TVPicfli  nppLicnnons 


3V  to  6V@1A  Step-Up  Converter 


INPUT 
3V  TO  6V 


(2  LITHIUM  CELLS)  ■^■inndiiF 


•  1%  METAL  FILM 

'  L1  =  COILTRONICS  CTX25-5-52 


L0WIq(<: 


250„A) 


1 .5V  Powered  350ps  Risetime  Pulse  Generator 


W  0.1 
150(iH         .  . 


BMP  SW2 


rr 


MUR120 

— M— 

MUR120 

-w 


MUR120 

— M— 


T  T 


•L1  =  TOKO  262LYF-0095K 

SELECT  Q1  AND  C1  FOR  OPTIMUM  RISE  AND  FALL 


C1 
2pF-4pF 


Q1 

2N2369 


  OUTPUT 

5V  INTO  50O 
50J1        PULSE  WIDTH -1ns 


XTUDSS6 
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1 .5V  Powered  Temperature  Compensated  Crystal  Oscillator 


30.1k* 


1.5V 


150k 

-wv- 


73.2k- 
-Wr 


*  =  1%  METAL  FILM 
=  =  AT  CUT  -35°  20'  ANGLE 
'  L1  =  J.W.MILLER #100267 


100k 

2N3906   "vV^- 


L1 
820J1H 


km  vis 
fb  sw; 


3906T-VVV-1.5V 


:47(iF 


10M* 
-Wv- 


0.02 


100£i 


2N3904 


OUTPUT 
1MHz 
0.05ppm/oC 


150k 

-vw-t 


1N4148 


■  :39.2k' 


47J.F 


I 510pF 


2k      ___  510pF 


X 


I 


1.5V  Powered  a,  p,  y  Particle  Detector 


0.01uF 


T1  =  C0ILTR0NICS  CTX1 0052-1 

X1  =  PROJECTS  UNLIMITED  AT-1 1  k 

D1,D2,D3  =  MUR1100 

R1=  VICTOREEN  MOX-300 

U1  =  LND-712  LND  CORP.,  OCEANSIDE,  NY 
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LT1074/LT1076 


TECHNOLOGY 


F€ATUR€S 

■  5AOn-Board  Switch  (LT1 074) 

■  Up  to  200kHz  Switching  Frequency 

■  Greatly  Improved  Dynamic  Behavior 

■  Available  in  Low  Cost  5-Lead  Packages 

■  Only  8.5mA  Quiescent  Current 

■  Programmable  Current  Limit 

■  Operates  Up  to  60V  Input 

■  Includes  Output  Voltage  Monitor 

■  Micropower  Shutdown  Mode 

nppucnnons 

■  Buck  Converter  with  Output  Voltage  Range  of  2.5V 
to  50V 

■  Tapped  Inductor  Buck  Converter  with  10A  Output 
at  5V 

■  Positive-to-Negative  Converter 

■  Negative  Boost  Converter 

■  Multiple  Output  Buck  Converter 

D€SCftlPTIOn 

The  LT1074  is  a  5A  (LT1076  is  rated  at  2A)  monolithic 
bipolar  switching  regulatorwhich  requiresonlyafewexternal 
parts  for  normal  operation.  The  power  switch,  all  oscillator 
and  control  circuitry,  all  current  limit  components,  and  an 
output  monitor  are  included  on  the  chip.  The  topology  is  a 
classic  positive  "buck"  configuration  but  several  design 
innovations  allow  this  device  to  be  used  as  a  positive  to 
negative  converter,  a  negative  boost  converter,  and  as  a 


Step-Down  Switching 
Regulator 


flyback  converter.  The  switch  output  is  specified  to  swing 
40V  below  ground,  allowing  the  LT1074  to  drive  a  tapped 
inductor  in  the  buck  mode  with  output  currents  up  to  1 0A. 

The  LT1 074  uses  a  true  analog  multiplier  in  the  feedback 
loop.  This  makes  the  device  respond  nearly  instanta- 
neously to  input  voltage  fluctuations  and  makes  loop  gain 
independent  of  input  voltage.  As  a  result,  dynamic  behav- 
ior of  the  regulator  is  significantly  improved  over  previous 
designs. 

On-chip  pulse  by  pulse  current  limiting  makes  the  LT1074 
nearly  bust-proof  for  output  overloads  or  shorts.  The  input 
voltage  range  as  a  buck  converter  is  8V  to  60V,  but  a  self- 
boot  feature  allows  input  voltages  as  low  as  5V  in  the 
inverting  and  boost  configurations. 

The  LT1 074  is  available  in  low  cost  5-lead  TO-220  or  TO- 
3  packages  with  frequency  pre-set  at  1 00kHz  and  current 
limit  at  6.5A  (LT1076  =  2.6A).  An  11 -pin  single-in-line 
package  (SIP)  is  also  available  which  allows  switching 
frequency  to  be  increased  to  200kHz  and  current  limit  to 
be  adjusted  down  to  zero.  In  addition,  full  micropower 
shutdown  can  be  programmed  as  well  as  external  current 
sensing,  and  soft  start.  An  output  monitor  "status"  pin  can 
be  used  as  a  microprocessor  reset,  and  a  complementary 
outputpin  will  allow  implementation  of  extra-high-efficiency 
designs.  See  Application  Note  44  for  design  details. 

A  fixed  5V  output,  2A  version  is  also  available.  See  LT1 076-5. 
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Basic  Positive  Buck  Converter 


10V  TO  40V 


C3 

200(iF 


*USE  MBR340  FOR  LT1076 
•COILTRONICS  #50-2-52  (LT1074) 
#100-1-52  (LT1076) 
PULSE  ENGINEERING,  INC. 

#PE-92114(LT1074) 
#PE-92102  (LT1076) 
HURRICANE   #HL-AK147QQ  (LT1074) 
#HL-AG210LL (LT1076) 


Buck  Converter  Efficiency 


VOUT  =  12V,Vm  =  20V 


%JT  =  5V,V|N=15V 


-L  =  50(iHTYPE  52CORE- 


-rr  I 


OUTPUT  LOAD  CURRENT  (A) 

LT107*-TPM7 
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absolute  mnximum  nnnnos 

Input  Voltage 

LT1074/  LT1076  45V 

LT1074HV/76HV  64V 

Switch  Voltage  with  Respect  to  Input  Voltage 

LT1074/76  64V 

LT1074HV/76HV  75V 

Switch  Voltage  with  Respect  to  Ground  Pin  (Vsw  Negative) 

LT1 074/76  (Note  6)  35V 

LT1074HV/76HV(Note  6)  45V 

Feedback  Pin  Voltage  -2V,  +10V 

Shutdown  Pin  Voltage  (Not  to  Exceed  V|N)  40V 

Status  Pin  Voltage*  30V 

(Current  Must  Be  Limited  to  5mA  When  Status  Pin 
Switches  "On") 

Complementary  Output  Voltage*  30V 

(Current  Must  Be  Limited  to  20mA  When  Output 
Switches  "On") 

Ilim  Pin  Voltage  (Forced)  5.5V 

EXTLIM  Pin  Voltage*  V,N  -2V  to  V,N  +0.4V 

Freq  Pin  Voltage*  5.5V 

Maximum  Operating  Ambient  Temperature  Range 

LT1074C/76C,  LT1 074HVC/76HVC  0°C  to  70°C 

LT1074M/76M,  LT1074HVM/76HVM  ,.-55°Cto  125°C 

LT1074I/76I,  LT1074HVI/76HVI  -40°Cto85°C 

Maximum  Operating  Junction  Temperature  Range 

LT1074C/76C,  LT1 074HVC/76HVC  0°C  to  125°C 

LT1074M/76M,  LT1074HVM/76HVM...-55°Cto  150°C 

LT1074I/76I,  LT1074HVI/76HVI  -40°C  to  125°C 

Maximum  Storage  Temperature  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec)  300°C 

*  Refers  to  pins  on  the  11-pin  package,  which  is  not  recommended  for 
new  designs. 
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11 
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I*  FREQ 

8 
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7 
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6 
5 
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2 

01 
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r;  'lim 

V  PACKAGE 

11 -LEAD  SIP 
CASE  IS  CONNECTED  TO  GROUND. 
LEADS  ARE  FORMED. 


ORDER  PART 
NUMBER 


LT1074MK 
LT1074CK 
LT1074HVCK 
LT1076MK 


LT1074CT 

LT1074HVCT 

LT1076CT 

LT1 076HVCT 

LT1074IT 

LT1074HVIT 

LT1076IT 

LT1076HVIT 


LT1074CY 


LT1074CV 
LT1074HVCV 
LT1076CV 
LT1076HVCV 


€l€CTRICRl  CHARACTERISTICS 


T]  =  25  C.  V|N  ■  25V,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Switch  "On"  Voltage  (Note  1) 

LT1074 

lSw  =  1A,Tj>0°C 

1.85 

V 

lSw=1A,Ti<0°C 

2.10 

V 

lsw  =  5A,  Tj  >  0°C 

2.30 

V 

lsw=5A,  Tj<0°C 

2.50 

V 

LT1076 

lsw  =  0.5A 

• 

1.2 

V 

lsw  =  2A 

• 

1.7 

V 

Switch  "Off"  Leakage 

LT1074 

V|N<25V,VSW=0 

5 

300 

mA 

ViN  =  VMAX.VSw  =  0(Note7) 

10 

500 

ma 

LT1076 

V|N  =  25V,  Vsw  =0 

150 

uA 

V|N  =  VMAXiVsw  =  0(Note7) 

250 

MA 

Supply  Current  (Note  2) 

VFB  =  2.5V,  V|N<40V 

• 

8.5 

11 

mA 

40V  <  V|N  <  60V 

• 

9 

12 

mA 

Vshut  = 

0.1V  (Device  Shutdown)  (Note  8) 

• 

140 

300 

uA 
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€l€CTRICni  CHfiRfiCT€RISTICS 


Ti  =  25  C.  Vjm  =  25V,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Minimum  Supply  Voltage 

Normal  Mode 
Startup  Mode  (Note  3) 

• 

7.3 
3.5 

8.0 
4.8 

V 
V 

Switch  Current  Limit  (Note  4) 

LT1074    lUM  Open 

RUM  =  10k  (Note  5) 
Rum  =  ?k  (Note  5) 

• 

5.5 

6.5 
4.5 
3 

8.5 

A 
A 
A 

LT1076    lL|M  Open 

Rum  =  10k  (Note  5) 
Rum  =  ?k  (Note  5) 

• 

2 

2.6 
1,8 
1.2 

3.2 

A 
A 
A 

Maximum  Duty  Cycle 

• 

85 

90 

% 

Switching  Frequency 

Tj<125°C 
T,>125°C 

VFe  =  0V  through  2k£J(Note4) 

• 
• 

90 
85 
85 

100 
20 

110 
120 
125 

kHz 
kHz 
kHz 
kHz 

Switching  Frequency  Line  Regulation 

8V  <  V,N  :  VMA>  i  Note  7) 

• 

0.03 

0.1 

%/V 

Error  Amplifier  Voltage  Gain  (Note  6) 

1V<VC<4V 

2000 

m 

Error  Amplifier  Transconductance 



3700 

5000 

8000 

u.mho 

Error  Amplifier  Source  and  Sink  Current 

Source  (VFB  =  2V) 
Sink  (VF8  =  2.5V) 

100 
07 

140 
1 

225 
1.6 

MA 
mA 

Feedback  Pin  Bias  Current 

Vfb  =  VREf 

• 

0.5 

2 

uA 

Reference  Voltage 

Vc  =  2v 

# 

2.155 

2.21 

2.265 

V 

Reference  Voltage  Tolerance 

VrFF  (Nominal)  =  2.21V 

All  Conditions  of  Input  Voltage,  Output 

Voltage,  Temperature  and  Load  Current 

• 

±0.5 
±1 

±1.5 
±2.5 

% 

% 

Reference  Voltage  Line  Regulation 

8V<V[N<VMAX(Note7) 

• 

0.005 

0.02 

%/V 

Vc  Voltage  at  0%  Duty  Cycle 

Oi/pr  Tpmnpratnrp 
u  vgi  icnipciaiuic 

1.5 
-4 

V 

mV/°C 

Multinlipr  Rpfprpnrp  Vnltanp 

IVIUIll)JHGI   nCICld  ll/C  V  Ul  toy  c 

24 

V 

^hntrinwn  Pin  nnrrpnt 

Vcu  -  sv 

VSH  -  3V 

Vsh  S  Vthreshold  (s2.5V) 

• 

5 

10 

20 
50 

■  ■A 
MA 

Shutdown  Thresholds 

Switch  Duty  Cycle  =  0 
Fully  Shut  Down 

• 
• 

2.2 
0.1 

2.45 
0.3 

2.7 
0.5 

V 
V 

Status  Window* 

As  a  Percent  of  Feedback  Voltage 

4 

±5 

6 

% 

Status  High  Level* 

Istatus  =  10uA  Sourcing 

• 

3.5 

4.5 

5.0 

V 

Status  Low  Level" 

Istatus  =  1.6mA  Sinking 

• 

0,25 

0.4 

V 

Status  Delay  Time' 

9 

us 

Status  Minimum  Width* 

30 

us 

Freq  Pin  Voltage* 

Rfreq  =  15k 

1.55 

V 

COMOUT  Saturation  Voltage* 

lSiNK  =  10mA 

• 

0.5 

1 

V 

COMOUT  Leakage' 

VcOMOUT  =  30V 

• 

50 

uA 

Thermal  Resistance  Junction  to  Case 

LT1074 
LT1076 

2.5 
4.0 

°C/W 
°C/W 

"  Refers  to  pins  on  the  11-pin  package,  which  is  not  recommended  lor  new 


The  •  denotes  the  specifications  which  apply  over  the  full  operating  temperature 
range. 

Note  1:  To  calculate  maximum  switch  "on"  voltage  at  currents  between  low  and 
high  conditions,  a  linear  interpolation  may  be  used. 

Note  2:  A  feedback  pin  voltage  (VFb)  of  2.5V  forces  the  Vc  pin  to  its  low  clamp  level 
and  the  switch  duty  cycle  to  zero.  This  approximates  the  zero  load  condition  where 
duty  cycle  approaches  zero. 

Note  3:  Total  voltage  from  Vm  pin  to  ground  pin  must  be  >  8V  after  startup  for 


proper  regulation.  For  TA  <  25°C,  limit  =  5V. 

Note  4:  Switch  frequency  is  internally  scaled  down  when  the  feedback  pin  voltage 
is  less  than  1 .3V  to  avoid  extremely  short  switch  on  times.  During  testing,  VFB  is 
adjusted  to  give  a  minimum  switch  on  time  of  1p.s. 


5  5:  lLIM 


Rum- 1k 
2k 


(LT1074),  lLIM: 


Rum -1k 
5.5k 


(LT1076). 


Note  6:  Switch  to  input  voltage  limitation  must  also  be  c 
Note  7:  VMAX  =  40V  for  the  LT1 074/76  and  60V  for  the  LT1 0 
Note  8:  Does  not  include  switch  leakage. 


jrmm 
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LT1074/LT1076 


BLOCK 


D€SCRIPTIOn 


A  switch  cycle  in  the  LT1074  is  initiated  by  the  oscillator 
setting  the  R/S  latch.  The  pulse  that  sets  the  latch  also 
locks  out  the  switch  via  gate  G1 .  The  effective  width  of  this 
pulse  is  approximately  700ns,  which  sets  the  maximum 
switch  duty  cycle  to  approximately  93%  at  1 00kHz  switch- 
ing frequency.  The  switch  is  turned  off  by  comparator  C1 , 
which  resets  the  latch.  C1  has  a  sawtooth  waveform  as  one 
input  and  the  output  of  an  analog  multiplier  as  the  other 
input.  The  multiplier  output  is  the  product  of  an  internal 
reference  voltage,  and  the  output  of  the  error  amplifier,  A1 , 
divided  by  the  regulator  input  voltage.  In  standard  buck 
regulators,  this  means  that  the  output  voltage  of  A1 
required  to  keep  a  constant  regulated  output  is  indepen- 
dent of  regulator  input  voltage.  This  greatly  improves  line 
transient  response,  and  makes  loop  gain  independent  of 
input  voltage.  The  error  amplifier  is  a  transconductance 
type  with  a  Gm  at  null  of  approximately  5000^mho.  Slew 
current  going  positive  is  140uA  while  negative  slew 
current  is  about  1.1mA.  This  asymmetry  helps  prevent 
overshoot  on  startup.  Overall  loop  frequency  compensa- 
tion is  accomplished  with  a  series  RC  network  from  Vc  to 
ground. 

Switch  current  is  continuously  monitored  by  C2,  which 
resets  the  R/S  latch  to  turn  the  switch  off  if  an  overcurrent 
condition  occurs.  The  time  required  for  detection  and 
switch  turn  off  is  approximately  600ns.  So  minimum 
switch  "on"  time  in  current  limit  is  600ns.  Under  dead 
shorted  output  conditions,  switch  duty  cycle  may  have  to 
be  as  low  as  2%  to  maintain  control  of  output  current.  This 
would  require  switch  on  time  of  200ns  at  1 00kHz  switch- 
ing frequency,  so  frequency  is  reduced  at  very  low  output 
voltages  by  feeding  the  FB  signal  into  the  oscillator  and 
creating  a  linear  frequency  downshift  when  the  FB  signal 
drops  below  1 .3V.  Currenttrip  level  is  set  by  the  voltage  on 
the  I|_im  pin  which  is  driven  by  an  internal  320|iA  current 
source.  When  this  pin  is  left  open,  it  self-clamps  at  about 
4.5V  and  sets  current  limit  at  6.5A  for  the  LT1 074  and  2.6A 
for  the  LT1076.  An  external  resistor  can  be  connected 
from  the  IUm  pin  to  ground  to  set  a  lower  current  limit.  A 
capacitor  in  parallel  with  this  resistor  will  soft  start  the 
current  limit.  Aslight  offset  in  C2  guarantees  that  when  the 
Ilim  Pin  is  pulled  to  within  200mV  of  ground,  ( 
stay  high  and  force  switch  duty  cycle  to  zero. 


An  output  voltage  monitor  is  included  on  the  chip.  Its 
output  is  available  only  on  the  11 -pin*  version.  The 
monitor  output*  goes  low  when  the  voltage  on  the  FB  pin 
is  more  than  5%  above  or  below  the  normal  regulated 
value.  This  pin  can  be  used  to  "hold  off"  load  functions 
until  the  regulator  output  is  normal  or  it  can  be  used  as  a 
microprocessor  reset. 

The  "Freq"  pin*  is  used  to  raise  switching  frequency,  and 
to  synchronize  the  oscillator  to  an  external  signal.  A 
resistor  to  ground  will  raise  frequency.  A  3V-5V  pulse 
coupled  through  a  diode  will  synchronize  the  internal 
oscillator  from  110%  to  160%  of  its  normal  frequency. 
The  pulse  should  be  300ns  wide.  Synchronizing  can  also 
be  done  with  the  5-lead  LT1074  by  pulling  the  Vc  pin  to 
ground  for  300ns  with  a  transistor.  This  has  only  a  slight 
effect  on  regulated  output  voltage  if  the  series  resistor  in 
the  frequency  compensation  network  is  at  least  1kn. 

The  "Shutdown"  pin  is  used  to  force  switch  duty  cycle  to 
zero  by  pulling  the  Ilim  pin  low.orto  completely  shut  down 
the  regulator.  Threshold  for  the  former  is  approximately 
2.35V,  and  for  complete  shutdown,  approximately  0.3V. 
Total  supply  current  in  shutdown  is  about  1 50uA  A 1 0jaA 
pull-up  current  forces  the  shutdown  pin  high  when  left 
open.  A  capacitor  can  be  used  to  generate  delayed  startup. 
A  resistor  divider  will  program  "undervoltage  lockout"  if 
the  divider  voltage  is  set  at  2.35V  when  the  input  is  at  the 
desired  trip  point. 

The  "Comout"  pin*  is  an  open  collector  switch  whose 
voltage  is  the  complement  of  the  switch  output  (Vsw)-  In 
addition,  the  edges  of  Comout  are  slightly  time-shifted  to 
avoid  overlap  with  Vsw-  Comout  is  used  to  drive  external 
MOSFETs  in  certain  mutliple-output  and  high  efficiency 
applications. 

The  switch  used  in  the  LT1 074  is  a  Darlington  NPN  (single 
NPN  for  LT1076)  driven  by  a  saturated  PNP.  Special 
patented  circuitry  is  used  to  drive  the  PNP  on  and  off  very 
quickly  even  from  the  saturation  state.  This  particular 
switch  arrangement  has  no  "isolation  tubs"  connected  to 
the  switch  output,  which  can  therefore  swing  to  40V  below 


*  Available  only  on  the  11 -pin  package,  which  Is  not  recommended  for  new  designs. 
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pin  DcscmPTions 


V|N  PIN 

The  Vin  pin  is  both  the  supply  voltage  for  internal  control 
circuitry  and  one  end  of  the  high  current  switch.  It  is 
important,  especially  at  low  input  voltages,  that  this  pin  be 
bypassed  with  a  low  ESR,  and  low  inductance  capacitorto 
prevent  transient  steps  or  spikes  from  causing  erratic 
operation.  At  full  switch  current  of  5A,  the  switching  tran- 
sients at  the  regulator  input  can  get  very  large  as  shown  in 
Figure  1.  Place  the  input  capacitorvery  close  to  the  regulator 
and  connect  it  with  wide  traces  to  avoid  extra  inductance. 
Use  radial  lead  capacitors. 


Figure  1.  Input  Capacitor  Ripple 


"Spike"  height      •  LP   is  approximately  2V  per 


Lp  =  Total  inductance  in  input  bypass  connections 
and  capacitor. 

% 

inch  of  lead  length. 
Step  =  0.25V  for  ESR  =  0.05C2  and  lSw  =  5A  is  0.25V. 
Ramp  =  1 25mV  for  C  =  200(xF,  T0m  =  5u.s, 
and  lSw  =  5A  is  125mV. 

Input  current  on  the  Vim  Pin  in  shutdown  mode  is  the  sum 
of  actual  supply  current  (=140u.A,  with  a  maximum  of 
300u.A)  and  switch  leakage  current.  Consult  factory  for 
special  testing  if  shutdown  mode  input  current  is  critical. 

GROUND  PIN 

It  might  seem  unusual  to  describe  a  ground  pin,  but  in  the 
case  of  regulators,  the  ground  pin  must  be  connected 
properly  to  ensure  good  load  regulation.  The  internal 
reference  voltage  is  referenced  to  the  ground  pin;  so  any 
error  in  ground  pin  voltage  will  be  multiplied  at  the  output; 


To  ensure  good  load  regulation,  the  ground  pin  must  be 
connected  directly  to  the  proper  output  node,  so  that  no 
high  currents  flow  in  this  path.  The  output  divider  resistor 
should  also  be  connected  to  this  low  current  connection  line 
as  shown  in  Figure  2. 


i'MD 


HIGH  CURRENT 
RETURN  PATH 


NEGATIVE  OUTPUT  NODE 
WHERE  LOAD  REGULATION 
WILL  BE  MEASURED 


Figure  2.  Proper  Ground  Pin  Connection 
FEEDBACK  PIN 

The  feedback  pin  is  the  inverting  input  of  an  error  amplifier 
which  controls  the  regulator  output  by  adjusting  duty 
cycle.  The  non-inverting  input  is  internally  connected  to  a 
trimmed  2.21V  reference.  Input  bias  current  is  typically 
0.5(iA  when  the  error  amplifier  is  balanced  (Iout= 0).  The 
erroramplifier  has  asymmetrical  GMfor  large  input  signals 
to  reduce  startup  overshoot.  This  makes  the  amplifier  more 
sensitive  to  large  ripple  voltages  at  the  feedback  pin. 
100mVp-p  ripple  at  the  feedback  pin  will  create  a  14mV 
offset  in  the  amplifier,  equivalent  to  a  0.7%  output  voltage 
shift.  To  avoid  output  errors,  output  ripple  (p-p)  should  be 
less  than  4%  of  DC  output  voltage  at  the  point  where  the 
output  divider  is  connected. 

See  the  "Error  Amplifier"  section  for  more  details. 
Frequency  Shifting  at  the  Feedback  Pin 

The  error  amplifier  feedback  pin  (FB)  is  used  to  downshift 
the  oscillator  frequency  when  the  regulator  out; 


4-200 


LT1074/LT1076 


pin  DcscRiPTions 


is  low.  This  is  done  to  guarantee  that  output  short  circuit 
current  is  well  controlled  even  when  switch  duty  cycle 
must  be  extremely  low.  Theoretical  switch  "on"  time  for  a 
buck  converter  in  continuous  mode  is; 


Vqut  +Vp 


VD  =  Catch  diode  forward  voltage  ( <*  0.5V) 
f  =  Switching  frequency 

At  f  =  1 00kHz,  toN  must  drop  to  0.2p.s  when  V|N  =  25V  and 
the  output  is  shorted  (Vqut  =  0V).  In  current  limit,  the 
LT1074  can  reduce  toN  to  a  minimum  value  of  =  0.6ns, 
much  too  long  to  control  current  correctly  for  Vout = 0.  To 
correct  this  problem,  switching  frequency  is  lowered  from 
100kHz  to  20kHz  as  the  FB  pin  drops  from  1 .3V  to  0.5V. 
This  is  accomplished  by  the  circuitry  shown  in  Figure  3. 


LT1074.PWO 


Figure  3.  Frequency  Shifting 

Q1  is  off  when  the  output  is  regulating  (Vfb  =  2.21V).  As 
the  output  is  pulled  down  by  an  overload,  Vfb  will  even- 
tually reach  1 .3V,  turning  on  Q1 .  As  the  output  continues 
to  drop,  Q1  current  increases  proportionately  and  lowers 
the  frequency  of  the  oscillator.  Frequency  shifting  starts 
when  the  output  is  =  60%  of  normal  value,  and  is  down  to 
its  minimum  value  of  =  20kHz  when  the  output  is  =  20% 
of  normal  value.  The  rate  at  which  frequency  is  shifted  is 
determined  by  both  the  internal  3k  resistor  R3  and  the 
external  divider  resistors.  For  this  reason,  R2  should  not 
be  increased  to  more  than  4kQ,  if  the  LT1074  will  be  sub- 
jected to  the  simultaneous  conditions  of  high  input  voltage 
and  output  short  circuit. 


Frequency  Pin* 

The  frequency  pin  can  be  used  to  raise  switching  fre- 
quency either  by  drawing  a  DC  current  to  ground  through 
a  resistor  or  by  feeding  in  a  synchronizing  pulse  as  shown 
in  Figure  4.  They  can  also  be  done  simultaneously.  The 
resistor  pulls  current  through  QA  to  increase  oscillator 
ramp  current.  A  pulse  fed  into  the  FREQ  pin  will  toggle  the 
sync  comparator  which  will  synchronize  the  oscillator. 
Figure  5  shows  switching  frequency  versus  temperature 
and  resistance  value. 

A  logic  level  pulse  through  a  diode  will  synchronize  the 
internal  oscillator  over  a  range  equal  to  actual  internal 
frequency  up  to  1.9  times  that  frequency.  This  does  not 
mean  that  an  unboosted  LT1074  can  always  be  synchro- 
nized at  100kHz  because  the  actual  switching  frequency 
over  temperature  can  range  from  90kHz  to  1 1 0kHz.  Units 
above  100kHz  would  not  synchronize  at  100kHz.  De- 
signed synchronizing  frequency  must  be  higher  than  the 
maximum  unsynchronized  frequency  and  lower  than  1 .8 
times  the  minimum  unsynchronized  frequency.  For  an 
unboosted  unit,  this  would  be  1 1 5kHz  to  1 71  kHz. 


FREQ 
PIN 

TTL/CMOS 
ONE  SHOT 
300ns 

I'  H 

OPTIONAL 

FREQUENCY 


Figure  4.  Frequency  Pin 
'Available  only  on  the  11-pin  package,  which  is  not  recommended  for  new  designs. 
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RESISTOR  FROM  FREQ  PIN  TO  GROUND  (k£2) 

LTIOM-TPOai 

Figure  5.  Frequency  Boost 

The  synchronizing  pulse  should  be  =  300ns  wide.  Figure 
4  shows  how  this  can  be  generated  with  a  PNP  transistor 
when  the  synchronizing  signal  is  wider  than  300ns.  If  a 
logic  one-shot  is  used,  couple  it  with  a  diode  as  shown  in 
Figure  4. 

SHUTDOWN  PIN 

The  shutdown  pin  is  used  for  undervoltage  lockout, 
micropower  shutdown,  soft  start,  delayed  start,  or  as  a 
general  purpose  on/off  control  of  the  regulator  output.  It 
controls  switching  action  by  pulling  the  Ilim  pin  low,  which 
forces  the  switch  to  a  continuous  "off"  state.  Full 
micropower  shutdown  is  initiated  when  the  shutdown  pin 
drops  below  0.3V. 

The  V/l  characteristics  of  the  shutdown  pin  are  shown  in 
Figure  6.  For  voltages  between  2.5V  and  ==V|i\i,  a  current 
of  10uA  flows  our  of  the  shutdown  pin.  This  current  in- 
creases to  «25u.A  as  the  shutdown  pin  moves  through  the 
2.35V  threshold.  The  current  increases  further  to  =  30u.A 
at  the  0.3V  threshold,  then  drops  to  =15llA  as  the  shut- 
down voltage  falls  below  0.3V.  The  1 0u.A  current  source  is 
included  to  pull  theshutdown  pin  to  its  high  or  default  state 
when  left  open.  It  also  provides  a  convenient  pullup  for 
delayed  start  applications  with  a  capacitor  on  the  shut- 
down pin. 

When  activated,  the  typical  collector  current  of  Q1  in 
"  tiA.  A  soft  start  capacitor  on  the  ILim  pin  will 
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Figure  6.  Shutdown  Pin  Characteristics 

delay  regulatorshutdown  in  response toC1 ,  by  ~(5V)(ClimK 
2mA.  Soft  start  after  full  micropower  shutdown  is  ensured 
by  coupling  C2  to  Q1. 


10ha| 


SHUTDOWN  I— l 
PIN  I — I 


■V|N 


PIN 

o- 


■  EXTERNAL 
'  Cum 


TO  TOTAL 

REGULATOR 

SHUTDOWN 


Figure  7.  Shutdown  Circuitry 

Undervoltage  Lockout 

Undervoltage  lockout  point  is  set  by  R1  and  R2  in  Figure 
8.  To  avoid  errors  due  to  the  1 0u.A  shutdown  pin  current, 
R2  is  usually  set  at  5k,  and  R1  is  found  from: 


R1  =  R2 


(Vtp-Vsh) 
Vsh 


VTp= Desired  undervoltage  lockout  voltage. 
Vsh  =  Threshold  for  lockout  on  the  shutdown 
pin  =  2.45V. 
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If  quiescent  supply  current  is  critical,  R2  may  be  increased 
up  to  15kC2,  but  the  denominator  in  the  formula  for  R2 
should  replace  VSH  with  VSH  -  (10u.A)(R2). 

Hysteresis  in  undervoltage  lockout  may  be  accomplished 
by  connecting  a  resistor  (R3)  from  the  Ium  pin  to  the 
shutdown  pin  as  shown  in  Figure  9.  D1  prevents  the 
shutdown  divider  from  altering  current  limit. 


LTT074  •  POO 

Figure  8.  Undervoltage  Lockout 
It 


•1N4148 

Figure  9.  Adding  Hysteresis 


Trip  Point  =  VTP  =  2.35V  1  + 


R1 
R2 


If  R3  is  added,  the  lowertrip  point  (V|N  descending)  will  be 
the  same.  The  upper  trip  point  (VUTP)  will  be; 


1  +  H  + 


0.8V 


If  R1  and  R2  are  chosen,  R3  is  given  by 
(VSH-0.8V)(R1) 


Example:  An  undervoltage  lockout  is  required  such  thatthe 
output  will  not  start  until  Vin  =  20V,  but  will  continue  to 
operate  until  V|N  drops  to  15V.  Let  R2  =  2.32k. 


R1  =  (2.32k) 


(15V -2. 35V) 


R3  = 


2.35V 
(2.35- 0.8)  (12.5) 


=  12. 5k 


20-2.35 


1  + 


12.5 
2.32 


=  3.9k 


STATUS  PIN* 


The  status  pin  is  the  output  of  a  voltage  monitor  "looking" 
at  the  feedback  pin.  It  is  low  for  a  feedback  voltage  which 
is  more  than  5%  above  or  below  nominal.  "Nominal"  in 
this  case  means  the  internal  reference  voltage,  so  that  the 
±5%  window  tracks  the  reference  voltage.  A  time  delay  of 
=  1 0u.s  prevents  short  spikes  from  tripping  the  status  low. 
Once  it  does  go  low,  a  second  timer  forces  it  to  stay  lowfor 
a  minimum  of  =  30u.s. 

The  status  pin  is  modeled  in  Figure  1 0  with  a  1 30u.A  pullup 
to  a  4.5V  clamp  level.  The  sinking  drive  is  a  saturated  NPN 


^LT1074 


R3  = 


VUTP  ~VSH  1  + 


R1 
R2 


4  Wvn 


Figure  10.  Adding  Time  Delays  to  Status  Output 
*  Available  only  on  the  11-pin  package,  which  is  not  recommended  tor  new  designs. 
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with  «100fl  resistance  and  a  maximum  sink  current  of 
approximately  5mA.  An  external  pullup  resistor  can  be 
added  to  increase  output  swing  up  to  a  maximum  of  20V. 

When  the  status  pin  is  used  to  indicate  "output  OK,"  it 
becomes  important  to  test  for  conditions  which  might 
create  unwanted  status  states.  These  include  output  over- 
shoot, large  signal  transient  conditions,  and  excessive 
output  ripple.  "False"  tripping  of  the  status  pin  can  usually 
be  controlled  by  a  pulse  stretcher  network  as  shown  in 
Figure  1 0.  A  single  capacitor  (C1 )  will  suffice  to  delay  an 
output  "OK"  (status  high)  signal  to  avoid  false  "true"  signals 
during  start-up,  etc.  Delay  time  for  status  high  will  be 
approximately  (2.3  x  104)  (C1),  or  23ms/u.F.  Status  low 
delay  will  be  much  shorter,  =  600>s/iiF. 

If  false  tripping  of  status  "low"  could  be  a  problem,  R1  can 
be  added.  Delay  of  status  high  remains  the  same  if  R1  < 
10kO.  Status  low  delay  is  extended  by  R1  to  approxi- 
mately R1  •  C2  seconds.  Select  C2  for  high  delay  and  R1 
for  low  delay. 

Example:  Delay  status  high  for  10ms,  and  status  low  for 
3ms. 


C2  = 


R1  = 


10ms 
23ms/nF 
3ms  _  3ms 

"cT" 


0.47|iF(Use  0.47^F) 
=  6.4kQ 


0.47|aF 

In  this  example  D1  is  not  needed  because  R1  is  small 
enough  to  not  limit  the  charging  of  C2. 

If  very  fast  "low"  tripping  combined  with  long  "high"  delays 
is  desired,  use  the  D2,  R2,  R3,  C3  configuration.  C3  is 
chosen  first  to  set  "low"  delay 


C3  = 


2kQ 


R3  is  then  selected  for  "high"  delay 


R3- 


C3 


FortLow  =  100u.sandtHiGH: 
R3  =  200kQ. 


10ms,  C3  =  0 


COMOUT  PIN*  ^ 

The  comout  pin  is  intended  to  be  used  to  drive  an  external 
lowon-resistanceMOSFET  which  parallels  the  catchdiode. 
This  can  improve  efficiency  considerably  for  higher  input 
voltages  where  the  diode  is  "on"  for  most  of  the  time. 
Comout  is  an  open  collector  NPI\I  with  30V  maximum 
operating  voltage  and  a  saturation  resistance  of  =  50il  It 
has  a  typical  sink  current  of  40mA  with  the  saturation 
voltage  guaranteed  at  20mA. 


EXTLIM  PIN* 


EXTLIM  is  intended  as  a  sense  pin  for  current  limit  when 
external  power  transistors  are  added.  It  can  also  be  used 
to  raise  internal  current  limit  by  connecting  an  external 
resistor  from  EXTLIM  to  the  V|N  pin.  Current  limit  (mini- 
mum) can  be  increased  from  5.5A  to  6.5A  with  a  5.6kD 
resistor.  This  is  allowed  only  for  commercial  parts  oper- 
ated at  less  than  40V  input  voltage.  Capacitance  between 
the  EXTLIM  pin  and  Vsw  pin  or  ground  should  be  mini- 
mized. Do  not  bypass  the  EXTLIM  pin  to  VIN  with  a  capacitor; 
this  increases  internal  current  limit  to  a  destructive  fevel. 

IlimPIN 

The  Ilim  pin  is  used  to  reduce  current  limit  belowthe  preset 
value  of  6.5A.  The  equivalent  circuit  for  this  pin  is  shown 
in  Figure  11. 


Figure  11  ILim  Pin  Circuit 

When  ILim  is  left  open,  the  voltage  at  Q1  base  clamps  at  5V 
through  D2.  Internal  current  limit  is  determined  by  the 
current  through  Q1.  If  an  external  resistor  is  connected 


'Available  only  on  the  11-pin  package,  which  is  not  recommended  for  new  designs. 
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between  Ium  and  ground,  the  voltage  at  Q1  base  can  be 
reduced  for  lower  current  limit.  The  resistor  will  have  a 
voltage  across  it  equal  to  (320u.A)  (R) ,  limited  to = 5V  when 
clamped  by  D2.  Resistance  required  for  a  given  current 
limit  is 

Rlim  =  Ilim  (2k£2)  + 1  kQ  (LT1 074) 

Rum  =  Ium  (5.5kn)  + 1  kn  (LT1076) 

As  an  example,  a3Acurrent  limit  would  require  3A  (2k) + 1  k 
=  7kQ  for  the  LT1074.  The  accuracy  of  these  formulas  is 
+25%  for  2A  <  lUM  <  5A  (LT1074)  and  0.7A  <  lUM  <  1 .8A 
(LT1 076),  so  ILim  should  be  set  at  least  25%  above  the  peak 
switch  current  required. 


Rum:  ; 


-vw- 


D2 
1N4148 


VOUT 


LT1074  ■  TOI3 


Figure  12.  Foldback  Current  Limit 

Foldback  current  limiting  can  be  easily  implemented  by 
adding  a  resistor  from  the  output  to  the  Ilim  P<n  as  shown 
in  Figure  1 2.  This  allows  full  desired  current  limit  (with  or 
without  Rum)  when  the  output  is  regulating,  but  reduces 
current  limit  under  short  circuit  conditions.  A  typical  value 
for  RFB  is  5kfi,  but  this  may  be  adjusted  up  or  down  to  set 
the  amount  of  foldback.  D2  prevents  the  output  voltage  from 
forcing  current  back  into  the  Ium  pin.  To  calculate  a  value  for 
RFb,  first  calculate  RUm,  then  RFb; 

Rfb=  (te-«^)4^4i 

0.5*(RL-1kft)-lsc 
1  Change  0.44  to  0.16,  and  0.5  to  0.18  for  LT1076. 
Example:  lUM  *  4A,  lm  =  1 .5A,  RUM  =  (4)(2k)  +  1k  =  9k 


_  (1.5-0.44)(9kfl)_ 
0.5(9k-1k)-1.5 


=  3.8kQ 


ERROR  AMPLIFIER 

Theerroramplifier  in  Figure  1 3  isasingle  stage  design  with 
added  inverters  to  allow  the  output  to  swing  above  and 
below  the  common  mode  input  voltage.  One  side  of  the 
amplifier  is  tied  to  a  trimmed  internal  reference  voltage  of 
2.21V.  The  other  input  is  brought  out  as  the  FB  (feedback) 
pin.  This  amplifier  has  a  Gm  (voltage  "in"  to  current  "out") 
transfer  function  of  =5000u.mho.  Voltage  gain  is  deter- 
mined by  multiplying  Gm  times  the  total  equivalent  output 
loading,  consisting  of  the  output  resistance  of  Q4  and  Q6  in 
parallel  with  the  series  RC  external  frequency  compensation 
network.  At  DC,  the  external  RC  is  ignored,  and  with  a 
parallel  output  impedance  for  Q4  and  Q6  of  400kQ,  voltage 
gain  is  =  2000.  At  frequencies  above  a  few  hertz,  voltage 
gain  is  determined  by  the  external  compensation,  Rc  and 
Cc- 


Ay  = 


atmidfrequencies 


Av  =  Gm«  Rc  at  highfrequencies 


5.8V 


90nA 


Q EXTERNAL 
"|   ^  FREQUENCY 
^  COMPENSATION 


-2.21V     Ql40nA  A 


^       ALL  CURRENTS  SHOWN  ARE  AT  NULL  CONDITION 

Figure  13.  Error  Amplifier 
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Phase  shift  from  the  FB  pin  to  the  Vc  pin  is  90°  at  mid- 
frequencies  where  the  external  Cc  is  controlling  gain,  then 
drops  back  to  0°  (actually  180°  since  FB  is  an  inverting 
input)  when  the  reactance  of  Cc  is  small  compared  to  Rq.  The 
low  frequency  "pole"  where  the  reactance  of  Cc  is  equal  to 
the  output  impedance  of  Q4  and  Q6  (r0),  is 


fPOLE  = 


1 


27i«r0»C 


r0  =  400kQ 


Although  fP0LE  varies  as  much  as  3:1  due  to  r0  variations, 
mid-frequency  gain  is  dependent  only  on  Gm,  which  is 
specified  much  tighter  on  the  data  sheet.  The  higher  fre- 
quency "zero"  is  determined  solely  by  Rc  and  Cc. 

.  1 
27fRc»Cc 

The  error  amplifier  has  asymmetrical  peak  output  current. 
Q3  and  Q4  current  mirrors  are  unity  gain,  but  the  Q6  mirror 


has  a  gain  of  1 .8  at  output  null  and  a  gain  of  8  when  the  FB 
pin  is  high  (Q1  current  =  0).  This  results  in  a  maximum 
positive  output  cu rrent  of  1 40u.A  and  a  maximu m  negative 
(sink)  output  current  of = 1 .1  mA.  The  asymmetry  is  delib- 
erate —  it  results  in  much  less  regulator  output  overshoot 
during  rapid  startup  or  following  the  release  of  an  output 
overload.  Amplifieroffset  is  kept  low  by  area  scaling  Q1  and 
Q2  at  1.8:1. 

Amplifier  swing  is  limited  by  the  internal  5.8V  supply  for 
positive  outputs  and  by  D1  and  D2  when  the  output  goes 
low.  Low  clamp  voltage  is  approximately  one  diode  drop 
(=0.7V-2mV/°C). 

Note  that  both  the  FB  pin  and  the  Vc  pin  have  other  internal 
connections.  Refer  to  the  frequency  shifting  and  synchro- 
nizing discussions. 


typical  nppLicnTions 

Tapped  Inductor  Buck  Converter 


•PULSE  ENGINEERING  #PE-65282 
**  MOTOROLA  MBR2030CTL 
t|F  INPUT  VOLTAGE  IS  BELOW  20V, 
MAXIMUM  OUTPUT  CURRENT  WILL  BE  REDUCED.  SEE  AN44 
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Positive  to  Negative 
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•  =  1%  FILM  RESISTORS 
D1  =  MOTOROLA-MBR745 
C1  =  NICHIC0N-UPL1C221MRH6 
C2=NICHICON-UPL1A102MRH6 
L1  =  COILTRONICS-CTX25-5-52 


'  LOWER  REVERSE  VOLTAGE  RATING  MAY  BE  USED  FOR  LOWER  INPUT  VOLTAGES. 
LOWER  CURRENT  RATING  IS  ALLOWED  FOR  LOWER  OUTPUT  CURRENT-  SEE  AN44. 

,f  LOWER  CURRENT  RATING  MAY  BE  USED  FOR  LOWER  OUTPUT  CURRENT.  SEE  AN44. 

"  R1,  R2.  AND  C4  ARE  USED  FOR  LOOP  FREQUENCY  COMPENSATION,  BUT  R1  AND  R2 
MUST  BE  INCLUDED  IN  THE  CALCULATION  FOR  OUTPUT  VOLTAGE  DIVIDER  VALUES. 
FOR  HIGHER  OUTPUT  VOLTAGES,  INCREASE  R1,  R2  AND  R3  PROPORTIONATELY; 
R3  =  Vqut  -2.37  (KQ) 
R1  =  (R3)  (1.86) 
R2  =  (R3)  (3.65) 

' ' '  MAXIMUM  OUTPUT  CURRENT  OF  1A  IS  DETERMINED  BY  MINIMUM  INPUT 

VOLTAGE  OF  4.5V.  HIGHER  MINIMUM  INPUT  VOLTAGE  WILL  ALLOW  MUCH  HIGHER 
OUTPUT  CURRENTS.  SEE  AN44. 
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J^^mf  technology 


■  Fixed  5V  Output 

■  2A  On-Board  Switch 

■  100kHz  Switching  Frequency 

■  2%  Output  Voltage  Tolerance  Over  Temperature 

■  Greatly  Improved  Dynamic  Behavior 

■  Available  in  Low  Cost  5-Lead  Package 

■  Only  9.5mA  Quiescent  Current 

■  Operates  Up  to  60V  Input 


nppiicRTions 

■  5V  Output  Buck  Converter 

■  Tapped  Inductor  Buck  Converter  with  4A  Output 
at5V 

■  Positive-to-Negative  Converter 


LT1 076-5 


5V  Step-Down  Switching 

Regulator 

DCSCRIPTIOn 

The  LT1 076-5  is  a  2A  fixed  5V  output  monolithic  bipolar 
switching  regulator  which  requires  only  a  few  external 
parts  for  normal  operation.  The  power  switch,  all  oscillator 
and  control  circuitry,  all  current  limit  components,  and  an 
output  monitor  are  included  on  the  chip.  The  topology  is 
a  classic  positive  "buck"  configuration  but  several  design 
innovations  allow  this  device  to  be  used  as  a  positive-to- 
negative  converter,  a  negative  boost  converter,  and  as  a 
flyback  converter.  The  switch  output  is  specified  to  swing 
40V  below  ground,  allowing  the  LT1 076-5  to  drive  a 
tapped  inductor  in  the  buck  mode  with  output  currents  up 
to  4A. 

The  LT1 076-5  uses  atrue  analog  multiplier  in  the  feedback 
loop.  This  makes  the  device  respond  nearly  instanta- 
neously to  input  voltage  fluctuations  and  makes  loop  gain 
independent  of  input  voltage.  As  a  result,  dynamic  behav- 
ior of  the  regulator  is  significantly  improved  over  previous 
designs. 

On-chip  pulse  by  pulse  current  limiting  makes  the  LT1 076- 
5  nearly  bust-proof  for  output  overloads  or  shorts.  The 
input  voltage  range  as  a  buck  converter  is  8V  to  60V,  but 
a  self-boot  feature  allows  input  voltages  as  low  as  5V  in  the 
inverting  and  boost  configurations. 

The  LT1 076-5  is  available  in  a  low  cost  5-lead  TO-220 
package  with  frequency  pre-set  at  100kHz  and  current 
limit  at  2.6A.  See  Application  Note  44  for  design  details. 


TYPicm  nppucmion 


Basic  Positive  Buck  Converter 


8V  TO  40V 


Vsw 


SENSE 


-I 


<  R3 
>  1.5k 

C3  _l_  C2 

200(1  F  j  0.033MF 


100(jH"t 
 fYYY 

>  MBR340- 


5V 

<1.8A 


.  C1 
■  500fjF 


•  MBR330P  MAY  BE  USED 
FOR  V|N  <  25V 

••  COILTRONICS  #100-1-52 

PULSE  ENGINEERING.  INC 
#PE-92102 

HURRICANE  IHL-AG210LL 

t  VALUE  MAY  BE  REDUCED  TO  5C 
FOR  OUTPUT  LOADS  BELOW  1.! 
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Input  Voltage 

LT1 076-5    45V 

LT1076HV-5  64V 

Switch  Voltage  with  Respect  to  Input  Voltage 

LT1 076-5    64V 

LT1076HV-5  75V 

Switch  Voltage  with  Respect  to  Ground  Pin 

(Vsw  Negative) 

LT1 076-5  (Note  5)  35V 

LT1076HV-5  (Note  5)  45V 

Sense  Pin  Voltage  -2V,  +10V 

Maximum  Operating  Ambient  Temperature  Range 
LT1076C-5,  LT1076HVC-5  0°Cto  70°C 

Maximum  Operating  Junction  Temperature  Range 
LT1076C-5,  LT1076HVC-5  0°C  to  125°C 

Maximum  Storage  Temperature  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


o 


Oi 


□ 


=ivsw 

□  GND 
=JVC 

□  SENSE 


T  PACKAGE 
5-LEAD  TO-220 


FOR  STRAIGHT  LEADS,  ORDER  FLOW  06 


o 

7 
6 
5 
4 
3 

2 

Oi 

□  SHUTDOWN 

□  Vc 

□  SENSE 

□  GND 


3  luM 

□  VSW 

□  V,N 


Y  PACKAGE 
7-LEAD  TO-220 


ORDER  PART 
NUMBER 


LT1076CT-5 
LT1076HVCT-5 


LT1076CY-5 
LT1076HVCY-5 


€l€CTRICRL  CHRRRCT€RISTICS  Tj  =  25  C,  V|N  =  25V,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Switch  "On"  Voltage  (Note  1) 

lSw  =  0.5A 

• 

1.2 

V 

Isw  =  2A 

• 

1.7 

V 

Switch  "Off"  Leakage 

V|N  =  25V,VSW  =  0 

150 

MA 

ViN  =  VMAX,VSw  =  0(Note6) 

250 

HA 

Supply  Current  (Note  2) 

VOUT  =  5  5V,  V|N<40V 

• 

8.5 

11 

mA 

40V  <  V|N  <  60V 

• 

9.0 

12 

mA 

Minimum  Supply  Voltage 

Normal  Mode 

• 

7.3 

8.0 

V 

Startup  Mode  (Note  3) 

• 

3.5 

4.8 

V 

Switch  Current  Limit  (Note  4) 

• 

2 

2.6 

3.2 

A 

Maximum  Duty  Cycle 

• 

85 

90 

% 

Switching  Frequency 

90 

100 

110 

kHz 

Tj<125°C 

• 

85 

120 

kHz 

V0UT  =  VSENSE  =  0V(Note4) 

20 

kHz 

Switching  Frequency  Line  Regulation 

8V<VIN<VMAX(Note7) 

• 

0.03 

0.1 

%/V 

Error 'Amplifier  Voltage  Gain  (Note  7) 

1V<VC<4V 

2000 

v/v 

Error  Amplifier  Transconductance  (Note  7) 

3700 

5000 

8000 

u.mho 

Error  Amplifier  Source  and  Sink  Current 

Source  (VSEnse  =  4.5V) 

100 

140 

225 

VA 

Sink  (Vsense  =  5.5V) 

0.7 

1.0 

1.6 

mA 

Sense  Pin  Divider  Resistance 

3 

5 

8 

kQ 

Sense  Voltage 

VC  =  2V 



• 

4.85 

5 

5.15 

V 

X7TBHS 
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CHRRflCTCRISTICS 


Tj  =  25°C,  V|N  =  25V,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Output  Voltage  Tolerance 

Vout  (Nominal)  =  5V 

All  Conditions  of  Input  Voltage,  Output  Voltage, 
Temperature  and  Load  Current 

• 

±0.5  ±2 
±1.0  ±3 

% 
% 

Output  Voltage  Line  Regulation 

8V  <  V|N  <  Vmax  (Note  6) 

• 

0.005  0.02 

%/V 

Vc  Voltage  at  0%  Duty  Cycle 

Over  Temperature 

• 

1.5 
-4.0 

V 

mV/°C 

Multiplier  Reference  Voltage 

24 

V 

Thermal  Resistance  Junction  to  Case 

4 

°C/W 

The  •  denotes  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  To  calculate  maximum  switch  "on"  voltage  at  currents  between 
low  and  high  conditions,  a  linear  interpolation  may  be  used. 

Note  2:  A  sense  pin  voltage  (Vsense)  °'  5  5V  ,orces  tne  vc  Pin  to  its  low 
clamp  level  and  the  switch  duty  cycle  to  zero.  This  approximates  the  zero 
load  condition  where  duty  cycle  approaches  zero. 
Note  3:  Total  voltage  from  Vin  Pin  to  ground  pin  must  be  >  8V  after 
startup  for  proper  regulation. 


Note  4:  Switch  frequency  is  internally  scaled  down  when  the  sense  pin 
voltage  is  less  than  2.6V  to  avoid  extremely  short  switch  on  times.  During 
current  limit  testing,  VSense  is  adjusted  to  give  a  minimum  switch  on  time 

of  1jJS. 

Note  5:  Switch  to  input  voltage  limitation  must  also  be  observed. 
Note  6:  VMAX  =  40V  for  the  LT1 076-5  and  60V  for  the  LT1 076HV-5. 
Note  7:  Error  amplifier  voltage  gain  and  transconductance  are  specified 
relative  to  the  internal  feedback  node.  To  calculate  gain  and 
transconductance  from  the  sense  pin  (Output)  to  the  Vc  pin,  multiply  by 
0.44. 
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i    T    Lin^AI^  LT1103/LT1105 

TECHNOLOGY  offline  Switching  Regulator 


F€RTUR€S 

■  ±1%  Line  and  Load  Regulation  with  No  Opto-Coupler 

■  Switch  Frequency  up  to  200kHz 

■  Internal  2A  Switch  and  Current  Sense  (LT1103) 

■  Internal  lATotem  Pole  Driver  (LT1105) 

■  Start-Up  Mode  Draws  Only  200|jA 

■  Fully  Protected  Against  Overloads 

■  Overvoltage  Lockout  of  Main  Supply 

■  Protected  Against  Underdrive  or  Overdrive  to  FET 

■  Operates  in  Continuous  or  Discontinuous  Mode 

■  Ideal  for  Flyback  and  Forward  Topologies 

■  Isolated  Flyback  Mode  Has  Fully  Floating  Outputs 

nppucmions 

■  Up  to  250W  Isolated  Mains  Converter 

■  Up  to  50W  Isolated  Telecom  Converter 

■  Fully  Isolated  Multiple  Outputs 

■  Distributed  Power  Conversion  Networks 


DCSCRIPTIOH 

The  LT1103  Offline  Switching  Regulator  is  designed  for 
high  input  voltage  applications  using  an  external  FET 
switch  whose  source  is  driven  by  the  open  collectoroutput 
of  the  LT1103.  The  LT1103  is  optimized  for  15W-100W 
applications.  For  higher  power  applications  or  additional 
switch  current  flexibility,  the  LT1105  is  available  and  its 
totem  pole  output  drives  the  gate  of  an  external  FET. 
Unique  design  of  the  LT1 1 03/LT1 1 05  eliminates  the  need 
for  an  opto-coupler  while  still  providing  ±1  %  load  and  line 
regulation  in  a  magnetic  flux-sensed  converter.  This  sig- 
nificantly simplifies  the  design  of  offline  power  supplies 
and  reduces  the  number  of  components  which  must  cross 
the  isolation  barrier  to  one,  the  transformer. 

The  LT1 1 03/LT1 1 05  current  mode  switching  techniques 
are  well  suited  to  transformer-isolated  flyback  and  for- 
ward topologies  while  providing  ease  of  frequency  com- 
pensation with  a  minimum  of  external  components.  Low 
external  part  count  for  a  typical  application  combines  with 


TYPicni  nppucOTion 

Fully-Isolated  Flyback  100kHz  50W  Converter  with  Load  Regulation  Compensation 


OPTIONAL  OUTPUT  FILTER 

MBR2045 


■50V 
3600^ F 


He 


5V 

—  !0A 

50V  1 
470(iF  ! 


E 
E 


"OUTPUT  CAPACITOR  IS  THREE  1200fiF. 
50V  CAPACITORS  IN  PARALLEL  TO 
ACHIEVE  REQUIRED  RIPPLE  CURRENT 
RATING  AND  LOW  ESR. 


WINDINGS  FOR 
OPTIONAL 
i12Voc  OUTPUTS 


TRANSFORMER  DATA: 
COILTRONICS-CTX11022B-3 
L(PRI)  - 1 -6itiH 
NpRi:NSEC-':0.05 
N»as:Nsec  =  1:0-2? 


5.25 
5.20 
5.15 
5.10 
5.05 
5  5.00 
>  4.95 
490 
4  85 
4,80 


Load  Regulation 


22C 

_= 

-I 

270V 

Wac 

85 

a: 

kC- 

I  Voltages  Present  -  See  Text 


4  5  6  7 
lour(A) 
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a  200kHz  maximum  switching  frequency  to  achieve  high 
power  density.  Performance  at  switching  frequencies 
above  100kHz  may  be  degraded  due  to  internal  timing 
constraints  associated  with  fully-isolated  flyback  mode. 

Included  are  the  oscillator,  control,  and  protection  cir- 
cuitry such  as  current  limit  and  overvoltage  lockout. 
Switch  frequency  and  maximum  duty  cycle  are  adjustable. 
Bootstrap  circuitry  draws  200|aA  for  startup  of  isolated 
topologies.  A  5V  reference  as  well  as  a  15V  gate  bias  are 
available  to  power  external  primary-side  circuitry.  No 
external  current  sense  resistor  is  necessary  with  LT1103 
because  it  is  integrated  with  the  high  current  switch.  The 
LT1 1 05  brings  out  the  input  to  the  current  limit  amplifier 
and  requires  the  use  of  an  external  sense  resistor. 

The  LT1 1 03/LT1 1 05  have  unique  features  not  found  on 
other  off  line  switching  regulators.  Adaptive  anti-sat  switch 
drive  allows  wide-ranging  load  currents  while  maintaining 
high  efficiency.  The  external  FET  is  protected  from  insuf- 
ficient or  excessive  gate  drive  voltage  with  a  drive  detec- 
tion circuit.  An  externally  activated  shutdown  mode  re- 
duces total  supply  current  to  less  than  200pA,  typical  for 
standby  operation.  Fully  isolated  and  regulated  outputs 
can  be  generated  in  the  optional  isolated  flyback  mode 
without  the  need  for  opto-couplers  or  other  isolated  feed- 


DANGEROUS  AND  LETHAL  POTENTIALS 
PRESENT  IN  OFFLINE  CIRCUITS! 

BEFORE  PROCEEDING  ANY  FURTHER,  THE 
READER  IS  WARNED  THAT  CAUTION  MUST 
BE  USED  IN  THE  CONSTRUCTION,  TESTING 
AND  USE  OF  OFFLINE  CIRCUITS.  HIGH 
VOLTAGE,  AC  LINE-CONNECTED  POTENTIALS 
ARE  PRESENT  IN  THESE  CIRCUITS.  EXTREME 
CAUTION  MUST  BE  USED  IN  WORKING  WITH 
AND  MAKING  CONNECTIONS  TO  THESE 
CIRCUITS.  REPEAT:  OFFLINE  CIRCUITS 
CONTAIN  DANGEROUS,  AC  LINE-CONNECTED 
HIGH  VOLTAGE  POTENTIALS.  USE  CAUTION. 

ALL  TESTING  PERFORMED  ON  AN  OFFLINE 
CIRCUIT  MUST  BE  DONE  WITH  AN  ISOLATION 
TRANSFORMER  CONNECTED  BETWEEN  THE 
OFFLINE  CIRCUIT'S  INPUT  AND  THE  AC  LINE. 
USERS  AND  CONSTRUCTORS  OF  OFFLINE 
CIRCUITS  MUST  OBSERVETHIS  PRECAUTION 
WHEN  CONNECTING  TEST  EQUIPMENT  TO 
THE  CIRCUIT  TO  AVOID  ELECTRIC  SHOCK. 
REPEAT:  AN  ISOLATION  TRANSFORMER 
MUST  BE  CONNECTED  BETWEEN  THE  CIRCUIT 

JT  AND  THE  AC  LINE  IF  ANY  TEST 
3MENT  IS  TO  BE  CONNECTED. 


niisoiuTc  mnximum  nnnnGS 


VIN  30V 

Vsw  Output  Voltage  (LT1 103)   50V 

Vsw  Output  Current  (200ns)(LT1 105)  +1.5A 

Vc,  FB,  OSC,  SS  6V 

Ilim  (LT1105)  3V 

OVLO  Input  Current  1mA 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


Maximum  Operating  Ambient  Temperature  Range 

LT1103C  0°Cto  70°C 

LT1105C  0°Cto  70°C 

Maximum  Operating  Junction  Temperature  Range 

LT1103C  0°Cto  +100°C 

LT1105C  0°Cto  +100°C 

Storage  Temperature  Range  -65°C  to  +150°C 
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O 


01 


□  15V 

□  V|N 

□  osc 

□  GND 


□  FB 

□  vsw 


Y PACKAGE 
7-LEAD  TO-220 

CASE  IS  CONNECTED  TO  GROUND.  LEADS  ARE  FORMED. 


PWRGND  |T 
OVLO  E 
FB  |T 
Vc  E 
5V  E 

ss  E 

GND  E 


TOP  VIEW 
 C7 — 


BD  vsw 

53  NC 
53  NC 

53  15V 

|]  OSC 
I]  Ilim 


N  PACKAGE 
14-LEAD  PLASTIC  DIP 

PINS  1  AND  7  MUST  BE  TIED  TOGETHER. 


GND  [T 
km  E 
FB  [T 
Vc  E 


TOP  VIEW 
—  


3  vsw 

7]  15V 
U  V|N 

T]  osc 


N8  PACKAGE 
8-LEAD  PUSTIC  DIP 


ORDER  PART 
NUMBER 


ORDER  PART 
NUMBER 


ORDER  PART 
NUMBER 





LT1103CY 


LT1105CN 


€l€CTRICRl  CHRRRCTCRISTICS 

V|N  =  20V,  Vc  ■  0.85V,  OVLO  =  0V,  Vsw  Open,  TA  =  25  C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN     TYP  MAX 

UNITS 

Iq 

Supply  Current 

8V  <  V|N  <  30V,  After  device  has  started 

10       18  25 

mA 

ISTART 

Start-Up  Current 

V|N  <  V|N  Start  Threshold 

200  400 

MA 

Vin  Start  Threshold 

14.5     16.0  17.5 

V 

V|n  Shutdown  Threshold 

Note:  Switching  stops  when  VSw  <  10V  (LT1103) 
Note:  Switching  stops  when  Vqate  <  10V  (LT1105) 

6.5      7.0  8.0 

V 

Vref 

5V  Reference  Voltage 

4.80    4.95  5.20 

V 

VREF  Line  Regulation 

10V<V,N<30V 

0.025  0.075 

%/v 

Vref  Load  Regulation 

0mA  <  lL  <  20mA 

0.025  0.05 

%/mA 

Vref  Short  Circuit  Current 

25       60  110 

mA 

Vgate 

15V  Gate  Bias  Reference 

17<V|N<30V,  0mA  <IL<  30mA 

13.8    15.0  16.2 

V 

15V  Dropout  Voltage 

Vin  =  15V,  lL  =  30mA 

2.0  2.5 

V 

15V  Short  Circuit  Current 

30       70  130 

mA 

SF 

Oscillator  Scaling  Factor 

FB  a  4V,  Vc  =  Open,  Measured  at  Vsw,  lSw  =  25mA, 
OVLO  =  5V,  Fosc  =  SF/Cosc.  40kHz  <  Fosc  <  200kHz 

36      40  44 
32      40  48 

Hz-nF 
Hz-nF 

Oscillator  Valley  Voltage 

2.0 

V 

Oscillator  Peak  Voltage 

4.5 

V 

XTUB83B 
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V|N  =  20V,  Vc  =  0.85V,  OVLO  =  OV,  Vsw  Open,  TA  =  25  C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITONS 

MIN    TYP  MAX 

UNIT 

DC 

Prp<;pt  May  fiwitrh  Dntv  Cvrlp 
(LT1103) 

Preset  Max.  Switch  Duty  Cycle 
(LT1105) 

FB  -  4V  Vr  -  ODen  Fncr  -  40kHz  lew  -  25mA 
Note:  Maximum  Duty  Cycle  can  be  altered  at  OSC  pin 
FB  =  4V,  Vc  =  Open,  F0sc  =  40kHz,  lsw  =  25mA, 
Note:  Maximum  Duty  Cycle  can  be  altered  at  OSC  pin 

# 

58       65  72 
56      63  70 

% 

% 

OVLO  Threshold 

Overvoltage  Lockout  Threshold  at  which 

Qwitrhinrt  ic  inhihitpri 
oWILLIIIIiy  la  iniiiuiLcU 

• 

2.3      2.5  2.7 

V 

f)\/l  n  Innnt  Riac  Piirrpnt 
UVLU  llipUL  Dldb  UUIIclll 

fl\/l  l~l  -  9\/  Mpacnrprt  nut  nf  nin  fMntP  1^ 
UvLU  -  tV,  IVlGdbUlcU  UUl  Ul  pill  (IMUIC  I  ) 

1 .0  3.0 

nA 

»FB 

PR  Throchnlri  Wnltano 

'\"CJ  —  UN  In 

• 

4.4iCQ       H.JU  H.J/J 

4.400    4.50  4.600 

V 

FB  Input  Bias  Current 

FB  =  4V  (Note  2) 

• 

5       10  20 

(iA 

Change  in  FB  Input 

Bias  Current  with  Change  in  Vc 

FR  -  A\l  \U  -  1\/tn  i\l  fMntP  0\ 
rD  *  ^v,  vq  -  I  V  10  4v  (lyUltJ  c) 

9       11  13 
8       11  14 

uA/V 
uJ\/V 

FB  Threshold  Line  Regulation 

10V<V|N<30V 

# 

0.025  0.05 

%/V 

gm 

Error  Amp  Transconductance 

AI(Vc)  =  ±50u.A 

9k      12k  15k 
6k      12k  18k 

u.mho 
limho 

Av 

Error  Amp  Voltage  Gain 

1V<VC<3V 

• 

500  1250 

V/V 

Vc  Switching  Threshold 

owiicii  uuiy  oyuc  —  u  /o 

0.85     1.25  1.4 

V 

oiiuiuuwn  inicbiiuiu  vuiLdyc 

iRn  pro 

mV 

Prrrtr  Amn  QrtiirfO  Purront 
CIIUI  HMip  OUUIUC  UUIIClll 

• 

lju  ouu 

■  ■A 

Error  Amp  Sink  Current 

• 

1.5       3  4.5 

mA 

Error  Amp  Clamp  Voltage 

FB  =  4.75V 
FB  =  4.0V 

0.3      0.7  0.9 
4.2      4.4  4.6 

V 
V 

Soft-Start  Charging  Current 

SS  =  0V 

25      40  60 

pA 

Soft-Start  Reset  Current 

V|N  =  6V,  SS  =  0.3V 

• 

1  2 

mA 

Output  Switch  Leakage 
(LT1103) 

vsw  -  ^OV 
VSw = 15V 

* 

500 
200 

uA 
u.A 

BV 

Switch  Breakdown  Voltage 
(LT1103) 

lsw  =  5mA 

• 

50  70 

V 

Vsw  Current  Limit  (LT1 103) 

Duty  Cycle  =  25%  (Note  3) 

2.0      2.5  3.0 

A 

Output  Switch  ON 
Resistance  (LT1 103) 

0.4  0.75 

a 

Aim 

lQ  Increase  During  Switch  ON  Time 
(LT1103) 

lsw  =  0.5A  to1.5A 

30  50 

mA/A 

Switch  Output  High  Level 
(LT1105) 

lsw=200mA,VGATE  =  15V 
lsw  =  750mA,  VGAte  =  15V 

13.0  13.5 
12.5  13.2 

V 
V 

Switch  Output  Low  Level 
(LT1105) 

lsw  =  200mA 
lsw  =  750mA 

0.25  0.50 
0.75  1.50 

V 
V 

Rise  Time  (LT1105) 

CL  =  1000pF 

50 

ns 

Fall  Time  (LT1 105) 

CL  =  1000pF 

20 

ns 
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V|N  =  20V,  Vc  =  0.85V,  OVLO  =  0V,  Vsw  Open,  Tfl  =  25  C.  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITONS 

MIN     TYP  MAX 

UNIT 

lUM  Threshold  Voltage  (LT1105) 

Duty  Cycle  =  25%  (Note  4) 

• 

300     375  450 

mV 

Low  Switch  Drive  Lockout 
Threshold 

Measured  at  VSW(LT1 103) 

Measured  at  15V  Gate  Bias  Reference  (LT1105) 

• 

9.0     9.5  10.5 

V 

High  Switch  Drive  Lockout 
Threshold 

Measured  at  VSw  (LT1103) 

Measured  at  15V  Gate  Bias  Reference  (LT1105) 

• 

17.0    18.5  20.0 

V 

The  •  denotes  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  The  OVLO  pin  is  clamped  with  a  5.5V  Zener  and  can  sink  a 
maximum  input  current  of  1  mA. 

Note  2:  FB  input  bias  current  changes  as  a  function  of  the  Vc  pin  voltage. 
Rate  of  change  of  FB  input  bias  current  is  11uA/V  of  change  on  Vc.  By 
including  a  resistor  in  series  with  the  FB  pin,  load  regulation  can  be  set 
to  zero. 


Note  3:  Current  limit  on  VSw  is  constant  for  DC  <  35%  and  decreases  for 
DC  >  35%  due  to  internal  slope  compensation  circuity.  The  LT1103  switch 
current  limit  is  given  by  lyM  =  1 .76  (1 .536  -  DC)  above  35%  duty  cycle. 
Note  4:  The  current  limit  threshold  voltage  is  constant  for  DC  <  35%  and 
decreases  for  DC  >  35%  due  to  internal  slope  compensation  circuitry.  The 
LT1 1 05  switch  current  limit  threshold  voltage  is  given  by  VUM  =  0.264 
(1.536  -  DC)  above  35%  duty  cycle. 


TYPICAL  PCRFORmnnCC  CHRRRCTCRISTICS 


Supply  Current  vs  Input  Voltage 


Startup  Supply  Current  vs 
Input  Voltage 
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V|N  Start-up  Threshold  vs 
Temperature 
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V|N  Shutdown  Threshold  vs 
Temperature 
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Soft-Start  Charging  Current  vs 
Temperature 
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5V  Reference  Voltage  vs 
Temperature 


5V  Load  Regulation  vs 
Temperature 


5V  Line  Regulation  vs 
Temperature 
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Current  vs  Temperature 
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15V  Gate  Bias  Reference  vs 
Temperature 
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15V  Gate  Bias  Dropout  Voltage  vs 
Temperature 
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15V  Gate  Bias  Short  Circuit 
Current  vs  Temperature 
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Low  Switch  Drive  Lockout 
Threshold  vs  Temperature 


75-50  -25  0    25  50   75  100  125  150  175 
TEMPERATURE  (°C) 


High  Switch  Drive  Lockout 
Threshold  vs  Temperature 


-75  -50  -25  0    25  50   75  100  125  150  175 
■ 


EE  9.3 
S 


S 

3  9.0 


:  i9.o 

18.5 


S17.5 


-75  -50  -25  0    25  50   75  100  125  150  175 

'C) 


-75  -50  -25   0   25   50  75  100  125  150  175 
TEMPERATURE  (X) 


XTUIESg 


4-217 


LT1103/LT1105 


TYPICAL  P€RFORfTinnC€  CHnRRCTCRISTICS 


Feedback  Threshold  vs 
Temperature 
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FB  Input  Bias  Current  vs 
Temperature  (Vc  =  1V) 
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Change  In  FB  Input  Bias  Current 
with  Change  in  Vc  vs  Temperature 
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Error  Amplifier  Transconductance 
vs  Temperature 


Error  Amplifier  Transconductance 
and  Phase  vs  Frequency 


Error  Amplifier  Voltage  Gain  vs 
Temperature 
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Error  Amplifier  Source  Current  vs 
Temperature 


-75  -50  -25  0    25  50  75  100  125  150  175 
TEMPERATURE  fC) 

LT1103G31 


Error  Amplifier  Sink  Current  vs 
Temperature 
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Error  Amplifier  High  Clamp 
Voltage  vs  Temperature 
(FB  =  4V) 
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Error  Amplifier  Low  Clamp 
Voltage  vs  Temperature 
(FB  =  4.75V) 
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Vc  Switching  Threshold  Voltage 
vs  Temperature 
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LT1103  Output  Switch  Leakage 
Current  vs  Temperature 
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LT1103  Switch  Saturation  Voltage 
vs  Temperature 
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LT1103  Vsw  Current  Limit  vs 
Duty  Cycle 
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LT1103  VSw  Current  Limit  vs 
Temperature 


g  2.8 
|  2.7 

5  26 

g  2.5 
o 

3  2.4 

§  2.2 
2.1 
2.0 


_n 

:=2 

5% 

-75  -50  -25  0    25   50   75  100  125  150175 
TEMPERATURE  ("C) 


LT1103  Driver  Current  vs 
Temperature 
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LT1105  Vsw  Low  Saturation 
Voltage  vs  Temperature 
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LT1105  Vsw  High  Saturation 
Voltage  vs  Temperature 
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LT1105  Current  Limit  Threshold 
Voltage  vs  Temperature 
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LT11 05  Vsw  Rise  Timevs 
Temperature 
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LT1105  Vsw  Fall  Time  vs 
Temperature 
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pin  Funaions 


FB:  The  Feedback  pin  is  the  inverting  input  to  the  sampling 
error  amplifier.  The  noninverting  input  is  tied  to  a  4.5V 
reference.  The  FB  pin  is  used  for  output  voltage  sensing. 
The  input  bias  current  is  a  function  of  the  control  pin  Vq 
voltage  and  can  be  used  for  load  regulation  compensation 
by  including  a  resistor  in  series  with  the  FB  pin.  The 
sampling  error  amplifier  has  atypical  gm  of  0.012  mhos 
and  the  output  of  the  sampling  error  amplifier  has  asym- 
metrical slew  rate  to  reduce  overshoot  during  startup 
conditions  or  following  the  release  of  an  output  overload. 

Vrj:  The  Vc  control  pin  is  used  for  frequency  compensa- 
tion, current  limiting  and  shutdown.  It  is  the  high  imped- 
ance output  of  the  sampling  error  amplifier  and  the  input 
of  the  current  limit  comparator. 

GND:  The  Ground  pin  acts  as  both  the  negative  sense  point 
for  the  internal  sampling  error  amplifier  feedback  signal 
and  as  the  high  current  path  for  the  2A  switch.  Also,  the 
case  of  the  7-lead  T0-220  is  connected  to  ground.  Proper 
connections  to  ground  for  signal  paths  and  high  current 
paths  must  be  made  in  order  to  insure  good  load  regula- 
tion. 

OSC:  The  Oscillator  pin  sets  the  operating  frequency  of  the 
regulator  with  one  external  capacitorto  ground.  Maximum 


duty  cycle  can  also  be  adjusted  by  using  an  external 
resistor  to  alter  the  charge/discharge  ratio. 

Vim:  The  Input  Supply  pin  is  designed  to  operate  with 
voltages  of  12V  to  30V.  The  supply  current  is  typically 
200u.A  up  to  the  startup  threshold  of  1 6V.  Normal  operat- 
ing supply  current  is  fairly  flat  at  18mA  down  to  the 
shutdown  threshold  of  7V.  Switching  is  inhibited  for  V|N 
less  than  12V  due  to  the  gate  drive  detection  circuit. 

15V:  A 1 5V  reference  is  used  to  bias  the  gate  of  an  external 
power  FET.  The  voltage  temperature  coefficient  is  typically 
3mV/°C  and  the  output  can  source  30mA.  Typical  dropout 
voltage  is  1.5V  for  V|N  less  than  17V  and  30mA  of  load 
current. 

Vsw:  The  Switch  Output  pin  is  the  collector  of  the  internal 
NPN  power  switch.  This  pin  has  a  typical  ON  resistance  of 
0.4a  and  a  minimum  breakdown  voltage  of  50V.  This  pin 
also  ties  to  the  FET  gate  drive  detection  circuit. 

LT1105 

All  functions  on  the  LT1 1 05  are  equivalent  to  the  LT1 1 03 
with  the  exception  of  the  Vsw  pin  and  the  lUM  pin  and  the 
availability  of  the  OVLO,  5V,  and  SS  functions. 

OVLO:  The  Overvoltage  Lockout  pin  inhibits  switching 
when  the  pin  is  pulled  above  its  threshold  voltage  of  2.5V. 
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OVLO  is  implemented  with  a  resistor  divider  network  from 
the  rectified  DC  line  and  is  used  to  protect  the  external  FET 
from  an  overvoltage  condition  in  the  off  state.  This  func- 
tion is  only  available  on  the  14-lead  DIP. 

5V:  A  5V  reference  is  available  to  power  primary-side 
circuitry.  The  temperature  coefficient  is  typically  50ppm/ 
°C  and  the  output  can  source  25mA.  This  function  is  only 
available  on  the  14-lead  DIP. 

SS:  The  Soft-start  pin  is  used  to  either  program  start-up 
time  with  a  capacitor  to  ground  or  to  set  external  current 
limit  with  a  resistor  divider.  The  SS  pin  has  a  40^A  pullup 
current  and  is  reset  to  OV  by  a  1mA  pulldown  current 


during  startup  and  shutdown.  This  function  is  only  avail- 
able on  the  14-lead  DIP. 

Vsw:  The  Switch  Output  pin  is  the  output  of  a  1A  NPN 
totem  pole  stage.  The  Vsw  pin  turns  the  external  FET  on  by 
pulling  its  gate  high.  Break-Before-Make  action  of  200ns 
on  each  switch  edge  is  built  in  to  eliminate  cross-conduc- 
tion currents. 

Ilim- The  Ilim  pin  is  the  input  to  the  current  limit  amplifier 
and  requires  the  use  of  a  non-inductive,  power  sense 
resistorfrom  Ium  to  ground  to  set  current  limit.  The  typical 
current  limit  threshold  voltage  is  350mV. 


BLOCK  DIAGRAMS 

LT1103 


Vc  SS 


u\im 
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The  LT1 1 03  is  a  current-mode  switcher.  Switch  duty  cycle 
is  controlled  by  switch  current  rather  than  directly  by  the 
output  voltage.  Referring  to  the  block  diagram,  the  switch 
is  turned  on  at  the  start  of  each  oscillator  cycle.  It  is  turned 
off  when  switch  current  reaches  a  pre-determined  level. 
Control  of  output  voltage  is  obtained  by  using  the  output 
of  a  voltage  sensing  error  amplifier  to  set  current  trip  level. 
This  technique  has  several  advantages.  First,  it  has  imme- 
diate response  to  input  voltage  variations,  unlike  ordinary 
switchers  which  have  notoriously  poor  line  transient  re- 
sponse. Second,  it  reduces  the  90°  phase  shift  at  mid- 


frequencies  in  the  transformer.  This  greatly  simplifies 
closed  loop  frequency  compensation  under  widely  vary- 
ing input  voltage  or  output  load  conditions.  Finally,  it 
allows  simple  pulse-by-pulse  current  limiting  to  provide 
maximum  switch  protection  under  output  overload  or 
short-circuit  conditions. 

A  start-up  loop  with  hysteresis  allows  the  IC  supply 
voltage  to  be  bootstrapped  from  an  extra  primary-side 
winding  on  the  power  transformer.  From  OV  to  1 6V  on  V|N, 
the  LT1103  is  in  a  pre-start  mode  and  total  input  current 
is  typically  200nA.  Above  1 6V,  up  to  30V,  the  6V  regulator 
that  biases  the  internal  circuitry  and  the  externally  avail- 
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able  15V  regulator  is  turned  on.  The  internal  circuitry 
remains  biased  on  until  V|N  drops  below  7V  and  the  part 
returns  to  the  pre-start  mode.  Output  switching  stops 
when  the  Vsw  drive  is  less  than  1 0V  corresponding  to  % 
of  about  12V. 

The  oscillator  provides  the  basic  clock  for  all  internal 
timing.  Frequency  is  adjustable  to  200kHz  with  one  exter- 
nal capacitor  from  OSC  to  ground.  The  oscillator  turns  on 
the  output  switch  via  the  logic  and  driver  circuitry.  Adap- 
tive anti-sat  circuitry  detects  the  onset  of  saturation  in  the 
power  switch  and  adjusts  driver  current  instantaneously 
to  limit  switch  saturation.  This  minimizes  driver  dissipa- 
tion and  provides  very  rapid  turn-off  of  the  switch. 

The  LT1 1 03  is  designed  to  drive  the  source  of  an  external 
power  FET  in  corrtifaon-gate  configuration.  The  15V  regu- 
lator biases  the  gate  to  guarantee  the  FET  is  on  when  the 
switch  is  on.  Special  drive  detection  circuitry  senses  the 
gate  bias  voltage  and  prevents  the  output  switch  from 
turning  on  if  the  gate  voltage  is  less  than  10V  or  greater 
than  20V,  the  industry  standards  for  power  MOSFET 
operation. 

The  switch  current  is  sensed  internally  and  amplified  to 
trip  the  comparator  and  turn  off  the  switch  according  to 
the  Vc  pin  control  voltage.  A  blanking  circuit  suppresses 
the  output  of  the  current  limit  comparator  for  500ns  at  the 
beginning  of  each  switch  cycle.  This  prevents  false  trip- 
ping of  the  comparator  due  to  current  spikes  caused  by 
external  parasitic  capacitance  and  diode  stored  charge. 

The  4.5V  Zener-based  reference  biases  the  positive  input 
of  the  sampling  error  amplifier.  The  negative  input  (FB)  is 
used  for  output  voltage  sensing.  The  sampling  error 
amplifier  allows  the  LT1103  to  operate  in  fully-isolated 
flyback  mode  by  regulating  from  the  flyback  voltage  of  the 
bootstrap  winding.  The  leakage  inductance  spike  at  the 
leading  edge  of  the  flyback  waveform  is  ignored  with  a 
blanking  circuit.  The  flyback  waveform  is  directly  propor- 
tional to  the  output  voltage  in  a  transformer-coupled 
flyback  topology.  Output  voltages  are  fully  floating  up  to 
the  breakdown  voltage  of  the  transformer  windings.  Mul- 
tiple floating  outputs  are  easily  obtained  with  additional 
windings. 


The  error  signal  developed  at  the  comparator  input  is 
brought  out  externally.  This  Vc  pin  has  three  functions 
including  frequency  compensation,  current  limit  adjust- 
ment, and  total  regulator  shutdown.  During  normal  opera- 
tion, this  pin  sits  at  a  voltage  between  1.2V  (low  output 
current)  and  4.4V  (high  output  current).  The  error  ampli- 
fier is  a  current  output  (gm)  type,  so  this  voltage  can  be 
externally  clamped  for  adjusting  current  limit.  Switch  duty 
cycle  goes  to  zero  if  the  Vc  pin  is  pulled  to  ground  through 
a  diode,  placing  the  LT1 1 03  in  an  idle  mode.  Pulling  the  Vc 
pin  below  0.15V  causes  total  regulator  shutdown  and 
places  the  LT1103  in  a  pre-start  mode. 

LT1105 

The  LT1 1 05  is  a  current-mode  switcher.  Switch  duty  cycle 
is  controlled  by  switch  current  rather  than  directly  by 
output  voltage.  Referring  to  the  block  diagram,  the  switch 
is  turned  on  at  the  start  of  each  oscillator  cycle.  It  is  turned 
off  when  switch  current  reaches  a  pre-determined  level. 
Control  of  output  voltage  is  obtained  by  using  the  output 
of  a  voltage  sensing  error  amplifier  to  set  current  trip  level. 
This  technique  has  several  advantages.  First,  it  has  imme- 
diate response  to  input  voltage  variations,  unlike  ordinary 
switchers  which  have  notoriously  poor  line  transient  re- 
sponse. Second,  it  reduces  the  90°  phase  shift  at  mid- 
frequencies  in  the  transformer.  This  greatly  simplifies 
closed  loop  frequency  compensation  under  widely  vary- 
ing input  voltage  or  output  load  conditions.  Finally,  it 
allows  simple  pulse-by-pulse  current  limiting  to  provide 
maximum  switch  protection  under  output  overload  or 
short-circuit  conditions. 

A  start-up  loop  with  hysteresis  allows  the  IC  supply 
voltage  to  be  bootstrapped  from  an  extra  primary-side 
winding  on  the  power  transformer.  From  0V  to  1 6V  on  V!N, 
the  LT1 1 05  is  in  pre-start  mode  and  total  input  current  is 
typically  200nA.  Above  16V,  up  to  30V,  the  6V  regulator 
that  biases  the  internal  circuitry  and  the  externally  avail- 
able 5V  and  15V  regulators  are  turned  on.  The  internal 
circuitry  remains  biased  on  until  V|N  drops  below  7V  and 
the  part  returns  to  pre-start  mode.  Output  switching  stops 
when  the  15V  gate  bias  reference  is  less  than  10V  corre- 
sponding to  V|N  of  about  12V. 
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The  oscillator  provides  the  basic  clock  for  all  internal 
timing.  Frequency  is  adjustable  to  200kHz  with  one  exter- 
nal capacitor  from  OSC  to  ground.  The  oscillator  turns  on 
the  output  switch  via  the  logic  and  driver  circuitry. 

The  LT1105  is  designed  to  drive  the  gate  of  an  external 
power  FET  in  common-source  configuration.  The  drivers 
and  the  1 A  maximum  totem-pole  output  stage  are  biased 
from  the  15V  gate  bias  reference.  Special  drive  detection 
circuity  senses  the  gate  bias  reference  voltage  and  pre- 
vents the  output  switch  from  turning  on  if  this  voltage  is 
less  than  10V  or  greater  than  20V.  Break-Before-Make 
action  of  200ns  is  built  into  each  switch  edge  to  eliminate 
cross  conduction  currents. 

Switch  current  is  sensed  externally  through  a  precision, 
power  resistor.  This  allows  for  greater  flexibility  in  switch 
currentand  output  powerthan  allowed  by  the  LT1 1 03.  The 
voltage  across  the  sense  resistor  isfed  into  the  Ium  pin  and 
amplified  to  trip  the  comparator  and  turn  off  the  switch 
according  to  the  Vc  pin  control  voltage.  A  blanking  circuit 
suppresses  the  output  of  the  current  limit  comparator  for 
500ns  at  the  beginning  of  each  switch  cycle.  This  prevents 
false  tripping  of  the  comparator  due  to  current  spikes 
caused  by  external  parasitic  capacitance  and  diode  stored 
charge. 

A  4.5V  Zener-based  reference  biases  the  positive  input  of 
the  sampling  error  amplifier.  The  negative  input  (FB)  is 
used  for  output  voltage  sensing.  The  sampling  error 
amplifier  allows  the  LT1105  to  operate  in  fully-isolated 
flyback  mode  by  regulating  the  flyback  voltage  of  the 
bootstrap  winding.  The  leakage  inductance  spike  at  the 


leading  edge  of  the  flyback  waveform  is  ignored  with  a 
blanking  circuit.  The  flyback  waveform  is  directly  propor- 
tional to  the  output  voltage  in  the  transformer-coupled 
flyback  topology.  Output  voltages  are  fully  floating  up  to 
the  breakdown  voltage  of  the  transformer  windings.  Mul- 
tiple floating  outputs  are  easily  obtained  with  additional 
windings. 

The  error  signal  developed  at  the  comparator  input  is 
brought  out  externally.  The  Vc  pin  has  three  functions 
including  frequency  compensation,  current  limit  adjust- 
ment, and  total  regulator  shutdown.  During  normal  opera- 
tion, this  pin  sits  at  a  voltage  between  1.2V  (low  output 
current)  and  4.4V  (high  output  current).  The  error  ampli- 
fier is  a  current  output  (gm)  type,  so  this  voltage  can  be 
externally  clamped  for  adjusting  current  limit.  Switch  duty 
cycle  goes  to  zero  if  the  Vc  pin  is  pulled  to  ground  through 
a  diode,  placing  the  LT1 105  in  an  idle  mode.  Pulling  the  Vc 
pin  below  0.15V  causes  total  regulator  shutdown  and 
places  the  LT1105  in  pre-start  mode. 

The  SS  pin  implements  soft-start  with  one  external  capaci- 
tor to  ground.  The  internal  pullup  current  and  clamp 
transistor  limit  the  voltage  at  Vc  to  one  diode  drop  above 
the  voltage  at  the  SS  pin,  thereby  controlling  the  rate  of  rise 
of  switch  current  in  the  regulator.  The  SS  pin  is  reset  to  OV 
when  the  LT1105  is  in  pre-start  mode. 

A  final  protection  feature  includes  overvoltage  lockout 
monitoring  of  the  main  supply  voltage  on  the  OVLO  pin.  If 
the  OVLO  pin  is  greater  than  2.5V,  the  output  switch  is 
prevented  from  turning  on.  This  function  can  be  disabled 
by  grounding  the  OVLO  pin. 
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Bootstrap  Start 

It  is  inefficient  as  well  as  impractical  to  power  a  switching 
regulator  control  IC  from  the  rectified  DC  input  as  this 
voltage  is  several  hundred  volts.  Self-biased  switching 
regulator  topologies  take  advantage  of  a  lower  voltage 
auxiliary  winding  on  the  power  transformer  or  inductor  to 
power  the  regulator,  but  require  a  startup  cycle  to  begin 
regulation. 


Start-up  circuitry  with  hysteresis  built  into  the  LT1103/ 
LT1105  allows  the  input  voltage  to  increase  from  OV  to 
1 6V  before  the  regulator  tries  to  start.  During  this  time  the 
startup  current  of  the  switching  regulator  is  typically 
200u.A  and  all  internal  voltage  regulators  are  off.  The  low 
quiescent  current  allows  the  input  voltage  to  be  trickled  up 
with  only  500u.A  of  current  from  the  rectified  DC  line 
voltage,  thereby  minimizing  power  dissipation  in  the  startup 
resistor.  At  16V,  the  internal  voltage  regulators  are  turned 
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on  and  switching  begins.  If  enough  power  feeds  back 
through  the  auxiliary  winding  to  keep  the  input  voltage  to 
the  switching  regulator  above  12V,  then  switching 
continues  and  a  bootstrap  start  is  accomplished.  If  the 
input  voltage  drops  below  1 2V,  then  the  FET  drive  detection 
circuit  locks  out  switching.  The  input  voltage  continues  to 
fall  as  the  Vin  bypass  capacitor  is  discharged  by  the 
normal  quiescentcurrentof  the  LT1103/LT1105.  Once  the 
input  voltage  falls  below  7V,  the  internal  voltage  regulators 
are  turned  off  and  the  switching  regulator  returns  to  the 
low  startup  current  state.  A  continuous  "burp  start"  mode 
indicates  a  fault  condition  or  an  incomplete  power  loop. 

The  trickle  current  required  to  bootstrap  the  regulator 
input  voltage  is  typically  generated  witharesistorfromthe 
rectified  DC  input  voltage.  When  combined  with  the 
regulator  input  bypass  capacitor,  the  startup  resistor 
creates  a  ramp  whose  slope  governs  the  turn-on  time  of 
the  regulatoras  well  as  the  period  of  the  "burp  start"  mode. 
The  design  trade-offs  are  power  dissipated  in  the  trickle 
resistor,  the  turn-on  time  of  the  regulator,  and  the  hold-up 
time  of  the  regulator  input  bypass  capacitor.  The  value  of 
the  startup  resistor  is  set  by  the  minimum  rectified  DC 
input  voltage  to  guarantee  sufficient  startup  current.  The 
recommended  minimum  trickle  current  is  500nA.  The 
power  rating  of  the  startup  resistor  is  set  by  the  maximum 
rectified  DC  input  voltage.  A  final  consideration  for  the 
startup  resistor  is  to  insure  that  the  maximum  voltage 
rating  of  the  resistor  is  not  exceeded.  Typical  carbon  film 
resistors  have  a  voltage  rating  of  250V.  The  most  reliable 
and  economical  solution  forthestartup  resistor  is  generally 
provided  by  placing  several  0.25W  resistor  in  series. 

The  LT1103/LT1105  is  designed  to  operate  with  supply 
pin  voltages  up  to  30V.  However,  the  auxiliary  bias  winding 
should  be  designed  for  a  typical  output  voltage  of  1 7V  to 
minimize  IC  power  dissipation  and  efficiency  loss. 
Allowances  must  also  be  made  for  cross  regulation  of  the 
bias  voltage  due  to  variations  in  the  rectified  DC  line 
voltage  and  output  load  current. 

Soft-Start 

Soft-start  refersto  the  controlled  increase  of  switch  current 
from  a  startup  or  shutdown  state.  This  allows  the  power 


supply  to  come  up  to  voltage  in  a  controlled  manner  and 
charge  the  output  capacitor  without  activating  current 
limit.  In  general,  soft-start  is  not  required  on  the  LT1105 
due  to  the  design  of  the  sampling  error  amplifier  gm  stage 
which  generates  asymmetrical  slew  capability  on  the  Vc 
pin. 

This  feature  exhibits  itself  as  a  typical  3mA  sink  current 
capability  on  the  Vc  pin  whereas  source  current  is  only 
275|iA.  The  low  gm  of  the  error  amplifier  allows  small- 
valued  compensation  capacitors  to  be  used  on  Vc.  This 
allows  the  sinkcurrenttoslewthe  compensation  capacitor 
quickly.  Therefore,  overshoot  of  the  output  voltage  on 
startup  sequences  and  recovery  from  overload  or  short 
circuit  conditions  isprevented.  However,  if  a  longer  startup 
period  is  required,  the  soft-start  function  can  be  used. 

Soft-start  is  implemented  with  an  internal  40pA  pullup  and 
a  transistor  clamp  on  the  Vc  pin  so  that  a  single  external 
capacitor  from  SS  ground  can  define  the  linear  ramp 
function.  The  voltage  at  Vc  is  limited  to  one  Vbe  above  the 
Soft-start  pin  (SS).  The  time  to  maximum  switch  current 
is  defined  as  the  capacitance  on  SS  multiplied  by  the  active 
range  in  volts  of  the  Vc  pin  divided  by  the  pullup  current: 

T_C»(3.2V) 
40|oA 

SS  is  reset  to  OV  whenever  Vm  is  less  than  7V  (pre-start 
mode)  or  when  shutdown  is  activated  by  pulling  Vc  below 
0.15V.  The  SS  pin  has  a  guaranteed  reset  sink  current  of 
1mA  when  either  the  regulator  supply  voltage  Vin  falls 
below  7V  or  the  regulator  is  placed  in  shutdown. 

Shutdown 

The  LT1 1 03/LT1 1 05  can  be  put  in  a  low  quiescent  current 
shutdown  mode  by  pulling  Vc  below  150mV.  In  the 
shutdown  mode  the  internal  voltage  regulators  are  turned 
off,  SS  is  reset  to  OV  and  the  part  draws  less  than  200nA. 
To  initiate  shutdown,  about  400nA  must  be  pulled  out  of 
Vc  until  the  internal  voltage  regulators  turn  off.  Then,  less 
than  50uA  pulldown  current  is  required  to  maintain 
shutdown.  The  shutdown  function  has  about  60mV  of 
hysteresis  on  the  Vc  pin  before  the  part  returns  to  normal 
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operation.  Soft-start,  if  used,  controls  the  recovery  from 
shutdown. 

5V  Reference 

A5V  reference  output  is  available forthe  user's  convenience 
to  power  primary-side  circuitry  or  to  generate  a  clamp 
voltage  for  switch  current  limiting.  The  output  will  source 
25mA  and  the  voltage  temperature  coefficient  is  typically 
50ppm/°C.  If  bypassing  of  the  5V  reference  is  required,  a 
0.1pF  is  recommended.  Values  of  capacitance  greater 
than  1uf  may  be  susceptible  to  ringing  due  to  decreased 
phase  margin.  In  such  cases,  the  capacitive  load  can  be 
isolated  from  the  reference  output  with  a  small  series 
resistor  at  the  expense  of  load  regulation  performance. 

Overvoltage  Lockout 

The  switching  supply  and  primarily  the  external  power 
MOSFET  can  be  protected  from  an  extreme  surge  of  the 
input  line  voltage  with  the  overvoltage  lockout  feature 
implemented  on  the  OVLO  pin.  If  the  voltage  on  OVLO  rises 
above  its  typical  threshold  voltageof  2.5V,  output  switching 
is  inhibited.  This  feature  can  be  implemented  with  a 
resistive  divider  off  of  the  rectified  DC  input  voltage.  This 
feature  is  only  available  on  the  LT1 105  in  the  14-lead  DIP 
and  must  be  tied  to  ground  if  left  unused. 

Ground  (LT11 03) 

The  ground  pin  of  the  LT1 1 03  is  important  because  it  acts 
as  the  negative  sense  point  for  the  internal  error  amplifier 
feedback  signal,  the  negative  sense  point  for  the  current 
limit  amplifier  and  as  the  high  current  path  for  the  2A 
switch.  The  tab  of  the  7-lead  TO-220  is  internally  connected 
to  ground  (pin  4). 

To  avoid  degradation  of  load  regulation,  the  feedback 
resistor  divider  string  and  the  reference  side  of  the  bias 
winding  should  be  directly  connected  to  the  ground  pin  on 
the  package.  These  ground  connections  should  not  be 
mixed  with  high  current  carrying  ground  return  paths.  The 
length  of  the  switch  current  ground  path  should  be  as 
short  as  possible  to  the  input  supply  bypass  capacitor  and 
low  resistance  for  best  performance.  The  case  of  the 


LT1103  package  is  desirable  to  use  as  the  high  current 
ground  return  path  as  this  is  a  lower  resistive  and  inductive 
path  than  that  of  the  actual  package  pin  and  will  help 
minimize  voltage  spikes  associated  with  the  high  dl/dt 
switch  current. 

Avoiding  long  wire  runs  to  the  ground  pin  minimizes  load 
regulation  effects  and  inductive  voltages  created  by  the 
high  dl/dt  switch  current.  Ground  plane  techniques  should 
also  be  used  and  will  help  keep  EMI  to  a  minimum. 
Grounding  techniques  are  illustrated  in  the  Typical 
Applications  section. 

Ground  (LT1 105) 

The  ground  pin  of  the  LT1 1 05  is  important  because  it  acts 
as  the  negative  sense  point  for  the  internal  error  amplifier 
feedback  signal  and  as  the  negative  sense  point  for  the 
current  limit  amplifier.  The  LT1 105  8-pin  MiniDIP  has  pin 
1  as  its  ground.  The  LT1105 14-pin  DIP  has  pin  1  and  pin 
7  as  grounds  and  must  be  tied  togetherfor  proper  operation. 

To  avoid  degradation  of  load  regulation,  the  feedback 
resistordivider  should  be  directly  connected  to  the  package 
ground  pin.  These  ground  connections  should  not  be 
mixed  with  high  current  carrying  ground  return  paths.  The 
length  of  the  switch  current  ground  path  should  be  as 
short  as  possible  to  the  input  supply  bypass  capacitor  and 
low  resistance  for  best  performance.  This  will  help  minimize 
voltage  spikes  associated  with  the  high  dl/dt  switch  current. 

Avoiding  long  wire  runs  to  the  ground  pin  minimizes  load 
regulation  effects  and  inductive  voltages  created  by  the 
high  dl/dt  switch  current.  Ground  plane  techniques  should 
also  be  used  and  will  help  keep  EMI  to  a  minimum. 
Grounding  techniques  are  illustrated  in  the  Typical 
Applications  section. 

Oscillator 

The  oscillator  of  the  LT1 1 03/LT1 1 05  is  a  linear  ramp  type 
powered  from  the  internal  6V  bias  line.  The  charging 
currents  and  voltage  thresholds  are  generated  internally 
so  that  only  one  external  capacitor  is  required  to  set  the 
frequency.  The  150|iA  pullup  current,  which  is  on  all  the 
time,  sets  the  preset  maximum  on-time  of  the  switch  and 
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the  450uA  pulldown  current  which  is  turned  on  and  off, 
sets  the  dead  time.  The  threshold  voltages  are  typically  2V 
and  4.5V,  so  for  a  400pF  capacitor  the  ramp-uptime  of  the 
voltage  on  the  OSC  pin  is  6.67u.s  and  the  ramp-down  time 
is  3.3u,s,  resulting  in  an  operating  frequency  of  100kHz. 
Although  the  oscillator,  as  well  as  the  rest  of  the  switching 
regulator,  will  function  at  higher  frequencies,  200kHz  is 
the  practical  upper  limit  that  will  allow  control  range  for 
line  and  load  regulation.  The  lowest  operating  frequency  is 
limited  by  the  sampling  error  amplifier  to  about  1 0kHz. 

The  frequency  temperature  coefficient  istypically— 80ppm/ 
°C  with  a  good  low  T.C.  capacitor.  This  means  that  with  a 
low  temperature  coefficient  capacitor,  the  temperature 
coefficient  of  the  currents  and  the  temperature  coefficient 
of  the  thresholds  sum  to-80ppm/°C  overthe  commercial 
temperature  range.  Bowing  in  the  temperature  coefficient 
of  the  currents  affects  the  frequency  about  ±3%  at  the 
extremes  of  the  military  temperature  range.  The  capacitor 
type  chosen  will  have  a  direct  effect  on  the  frequency 
tempco. 

Maximum  duty  cycle  is  set  internally  by  the  pullup  and 
pulldown  currents,  independent  of  frequency.  It  can  be 
adjusted  externally  by  modifying  the  fixed  pullup  current 
with  an  additional  resistor.  In  practice,  one  resistor  from 
the  OSC  pin  to  the  5V  reference  or  to  ground  does  the  job. 
Note  that  the  capacitor  value  must  change  to  maintain  the 
same  frequency.  For  example,  a  24k  resistor  from  5V  to 
OSC  and  a  440pF  capacitor  from  OSC  to  ground  will  yield 
1 00kHz  with  50%  maximum  duty  cycle.  A56k  resistorand 
a  280pF  capacitor  from  OSC  to  ground  will  yield  100  kHz 
with  80%  maximum  duty  cycle. 

The  oscillator  can  be  synchronized  to  an  external  clock  by 
coupling  a  sync  pulse  into  the  OSC  pin.  The  width  of  this 
pulse  should  be  a  minimum  of  500ns.  The  oscillator  can 
only  be  synchronized  up  in  frequency  and  the  synchronizing 
frequency  must  be  greater  than  the  maximum  possible 
unsynchronized  frequency  (for  the  chosen  oscillator 
capacitor  value).  The  amplitude  of  the  sync  pulse  must  be 
chosen  so  that  the  sum  of  the  oscillator  voltage  amplitude 
plus  the  sync  pulse  amplitude  does  not  exceed  the  6V  bias 
reference.  Otherwise,  the  oscillator  pullup  current  source 
will  saturate  and  erroneous  operation  will  result.  If  the 


LT1 1 03/LT1 1 05  is  positioned  on  the  primary  side  of  the 
transformerand  the  external  clock  on  the  isolated  secondary 
output  side,  the  sync  signal  must  be  coupled  into  the  OSC 
pin  using  a  pulse  transformer.  The  pulse  transformer  must 
meet  all  safety/isolation  requirements  as  it  also  crosses 
the  isolation  boundary.  An  example  of  externally 
synchronizing  the  oscillator  is  shown  in  the  Typical 
Applications  section. 

Gate  Biasing  (LT1103) 

The  LT1 1 03  is  designed  to  drive  an  external  power  MOSFET 
in  the  common-gate  or  cascode  connection  with  the  Vsw 
pin.  The  advantage  is  thatthe  switch  current  can  be  sensed 
internally,  eliminating  a  low-value,  power  sense  resistor. 
The  gate  needs  to  be  biased  at  a  voltage  high  enough  to 
guarantee  thatthe  FET  is  saturated  when  the  open-collector 
source  drive  is  on.  This  means  1 0V  as  specified  in  FET  data 
sheets,  plus  1 V  for  the  typical  switch  saturation  voltage, 
plus  a  couple  of  volts  for  temperature  variations  and 
processing  tolerances.  This  leads  to  15V  for  a  practical 
gate  bias  voltage. 

Power  MOSFETs  are  well  suited  to  switching  power  supplies 
because  their  high  speed  switching  characteristics  promote 
high  switching  efficiency.  To  achieve  high  switching  speed, 
the  gate  capacitance  must  be  charged  and  discharged 
quickly  with  high  peak  currents.  In  particular,  the  turn-off 
current  can  be  as  high  as  the  peak  switch  current.  The 
switching  speed  is  controlled  by  the  impedance  seen  by 
the  gate  capacitance.  Practically  speaking,  zero  impedance 
is  not  desirable  because  of  the  high  frequency  noise  spikes 
introduced  to  the  system.  The  gate  bias  should  be  bypassed 
with  a  1|iF  low  ESR  capacitor  to  ground  and  should  have 
a  5i2  resistor  or  larger  in  series  with  the  gate  to  define  the 
source  impedance. 

The  LT1 1 03  provides  a  1 5V  output  intended  for  biasing  the 
gate  of  the  MOSFET.  It  will  source  30mA  into  a  capacitive 
load  with  no  stability  problems.  The  voltage  temperature 
coefficient  is  +3mV/°C.  If  V,N  drops  below  17V,  the  15V 
output  follows  about  2.0V  below  V|N  until  the  part  shuts 
down.  If  the  1 5V  output  is  pulled  above  1 7.5V,  it  will  sink 
5  mA. 
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A  special  circuit  in  the  LT1 1 03  senses  the  voltage  at  Vsw 
prior  to  turning  on  the  switch.  Vsw  is  tied to  the  source  of 
the  FET  and  should  represent  the  bias  voltage  on  the  gate 
when  the  switch  is  off.  When  the  switch  first  turns  off,  the 
drain  flies  back  until  it  is  clamped  by  a  snubber  network. 
The  source  also  flies  high  due  to  parasitic  capacitive 
coupling  on  the  FET  and  parasitic  inductance  of  the  leads. 
An  extra  diode  from  the  source  to  the  gate  or  V|N  will 
provide  insurance  against  fault  conditions  that  might 
otherwise  damage  the  FET.  The  diode  clamps  the  source 
to  one  diode  drop  above  the  gate  or  V|N,  thereby  limiting 
the  gate-source  reverse  bias.  Once  the  energy  in  the 
leakage  inductance  spike  is  dissipated  and  the  primary  is 
being  regulated  to  its  flyback  voltage,  the  diode  shuts  off. 
The  source  is  then  floating  and  its  voltage  will  be  close  to 
the  gate  voltage.  If  the  sensed  voltage  on  Vsw  is  less  than 
10V  or  greater  than  20V,  the  circuit  prevents  the  switch 
from  turning  on.  This  protects  the  FET  from  dissipating 
high  power  in  a  non-saturated  state  or  from  excessive 
gate-source  voltage.  The  oscillator  continues  to  run  and 
the  net  effect  is  to  skip  switching  cycles  until  the  gate  bias 
voltage  is  corrected.  One  consequence  of  the  gate  bias 
detection  circuit  is  that  the  startup  window  is  6V  if  the  gate 
is  biased  from  Vin  and  to  4V  if  the  gate  is  biased  from  the 
15Voutput.  This  influences  thesize  of  the  bypass  capacitor 
on  V,N. 

Vsw  Output  (LT1103) 

The  Vsw  pin  of  the  LT1 1 03  is  the  collector  of  an  internal 
NPN  power  switch.  This  NPN  has  atypical  on  resistance  of 
0.4£2  and  a  typical  breakdown  voltage  (BVcbo)  of  75V.  Fast 
switching  times  and  high  efficiency  are  obtained  by  using 
aspecial  driver  loop  which  automatically  adapts  base  drive 
current  to  the  minimum  required  to  keep  the  switch  in  a 
quasi-saturated  state.  The  key  element  in  the  loop  is  an 
extra  emitter  on  the  output  power  transistor  as  seen  in  the 
block  diagram.  This  emitter  carries  no  current  when  the 
NPN  output  transistor  collector  is  high  (unsaturated).  In 
this  condition,  the  driver  circuit  can  deliver  very  high  base 
drive  to  the  switch  for  fast  turn-on.  When  the  switch 
saturates,  the  extra  emitter  acts  as  a  collector  of  an  NPN 


operating  in  inverted  mode  and  pulls  base  current  away 
from  the  driver.  This  linear  feedback  loop  serves  itself  to 
keep  the  switch  just  at  the  edge  of  saturation.  Very  low 
switch  current  results  in  nearly  zero  driver  current  and 
high  switch  currents  automatically  increase  driver  current 
as  necessary.  The  ratio  of  switch  current  to  driver  current 
is  approximately  30:1 .  This  ratio  is  determined  by  the 
sizing  of  the  extra  emitter  and  the  value  of  the  current 
source  feeding  the  driver  circuitry.  The  quasi-saturation 
state  of  the  switch  permits  rapid  turn-off  without  the  need 
for  reverse  base-emitter  voltage  drive. 

Gate  Biasing  (LT1105) 

The  LT1 1 05  is  designed  to  drive  an  external  power  MOSFET 
in  the  common-source  configuration  with  the  totem-pole 
output  Vsw  Pin-  The  advantage  is  added  switch  current 
flexibility  (limited  only  by  the  choice  of  external  power 
FET)  and  higher  output  powerapplications  than  allowed  by 
LT1 1 03.  An  external,  non-inductive,  power  sense  resistor 
must  be  used  in  series  with  the  source  of  the  FET  to  detect 
switch  current  and  must  be  tied  to  the  input  of  the  current 
limit  amplifier.  The  gate  needs  to  be  biased  at  a  voltage 
high  enough  to  guarantee  that  the  FET  is  saturated  when 
the  totem-pole  gate  drive  is  on.  This  means  10V  as 
specified  in  FET  data  sheets,  plus  the  totem-pole  high  side 
saturation  voltage  plus  a  couple  of  volts  for  temperature 
variations  and  processing  tolerances.  This  leadsto  1 5Vfor 
a  practical  gate  bias  voltage. 

Power  MOSFETsare  well  suited  to  switching  powersupplies 
because  their  high  speed  switching  characteristics  promote 
high  switching  efficiency.  To  achieve  high  switching  speed, 
the  gate  capacitance  must  be  charged  and  discharged 
quickly  with  high  peak  currents.  In  particular,  the  turn-off 
current  can  be  as  high  as  the  peak  switch  current.  The 
switching  speed  is  controlled  by  the  impedance  seen  by 
the  gate  capacitance.  Practically  speaking,  zero  impedance 
is  not  desirable  because  of  the  high  frequency  noise  spikes 
introduced  to  the  system.  The  gate  bias  supply  which 
drives  the  totem-pole  output  stage  should  be  bypassed 
with  a  1jiF  low  ESR  capacitor  to  ground.  This  capacitor 
supplies  the  energy  to  charge  the  gate  capacitance  during 
gate  drive  turn-on.  The  power  MOSFET  should  have  a  5a 
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resistor  or  larger  in  series  with  its  gate  from  the  VSw  pin 
to  define  the  source  impedance. 

The  LT1 1 05  provides  a  1 5V  regulated  output  intended  for 
driving  the  totem-pole  output  stage.  It  will  source  30mA 
into  a  capacitive  load  with  no  stability  problems.  The 
output  voltage  temperature  coefficient  is  +3mV/°C.  If  V!N 
drops  below  1 7V,  the  1 5V  outputfollows  about  2.0V  below 
Vin  until  the  part  shuts  down.  If  the  15V  output  is  pulled 
above  17.5V,  it  will  sink  5mA. 

A  special  circuit  in  the  LT1105  senses  the  voltage  at  the 
15V  regulated  output  prior  to  turning  on  the  switch.  The 
15V  regulator  drives  the  totem-pole  output  stage  and  the 
Vsw  pin  will  pull  the  gate  of  the  FET  very  close  to  the  value 
of  the  1 5V  output  when  Vsw turns  on-  Therefore,  the  1 5V 
output  represents  what  the  gate  bias  voltage  on  the  FET 
will  be  when  the  FET  is  turned  on.  If  the  sensed  voltage  on 
the  15V  output  is  less  than  10V  or  greater  than  20V,  the 
circuit  prevents  the  switch  from  turning  on.  This  protects 
the  FET  from  dissipating  high  power  in  a  non-saturated 
state  orfrom  excessive  gate-source  voltage.  The  oscillator 
continues  to  run  and  the  net  effect  is  to  skip  switching 
cycles  until  the  gate  bias  voltage  is  corrected.  One 
consequence  of  the  gate  bias  detection  circuit  is  that  the 
startup  window  is  4V.  This  influences  the  size  of  the 
bypass  capacitor  on  Vin. 

Vsw  Output  (LT11 05) 

The  VSw  Pin  of  the  LT1 1 05  is  the  output  of  a  1 A  totem-pole 
driver  stage.  This  output  stage  turns  an  external  power 
MOSFET  on  by  pulling  its  gate  high.  Break-Before-Make 
action  of  200ns  is  built  into  each  switch  edge  to  eliminate 
cross-conduction  currents.  Fast  switching  times  and  high 
efficiency  are  obtained  by  using  a  low  loss  output  stage 
and  a  special  driver  loop  which  automatically  adapts  base 
drive  current  to  the  totem-pole  low-side  drive.  The  key 
element  in  the  loop  is  an  extra  emitter  on  the  output  pull- 
down transistor  as  seen  in  the  block  diagram.  This  emitter 
carries  no  current  when  the  low-side  transistor  collector 
is  high  (unsaturated).  In  this  condition,  the  driver  can 
deliver  very  high  base  drive  to  the  outputtransistorforfast 
turn-off.  When  the  low-side  transistor  saturates,  the  extra 
emitter  acts  as  a  collector  of  an  l\IPI\l  operating  in  inverted 


mode  and  pulls  base  current  away  from  the  driver.  This 
linear  feedback  loop  serves  itself  to  keep  the  switch  just  at 
the  edge  of  saturation.  This  results  in  nearly  zero  driver 
current.  The  quasi-saturation  state  of  the  low-side  switch 
permits  rapid  turn-on  of  the  external  FET  when  Vsw  pulls 
high. 

Fully-Isolated  Flyback  Mode 

A  unique  sampling  error  amplifier  included  in  the  control 
loop  of  the  LT1 1 03/LT1 1 05  eliminates  the  need  for  an 
opto-isolator  while  providing  ±1  %  line  and  load  regulation 
in  a  magnetic  flux-sensed  flyback  converter.  In  this  mode, 
the  flyback  voltage  on  the  primary  during  "switch  off"  time 
is  sensed  and  regulated.  It  is  difficult  to  derive  a  feedback 
signal  directly  from  the  primary  flyback  voltage  as  this 
voltage  is  typically  several  hundred  volts.  A  dedicated 
winding  is  not  required  because  the  bias  winding  for  the 
regulator  lends  itself  to  flux-sensing.  Flux-sensing  made 
practical  simplifies  the  design  of  offline  power  supplies  by 
minimizing  the  total  number  of  external  components  and 
reduces  the  components  which  must  cross  the  isolation 
barrier  to  one,  the  transformer.  This  inherently  implies 
greater  safety  and  reliability.  The  transformer  must  be 
optimized  for  coupling  between  the  bias  winding  and  the 
secondary  outputwinding(s)  while  maintainingthe  required 
isolation  and  minimizing  the  parasitic  leakage  inductances. 

Although  magneticflux-sensing  has  been  used  in  the  past, 
the  technique  has  exhibited  poor  output  voltage  regulation 
due  to  the  parasitics  present  in  a  transformer-coupled 
design.  Transformers  which  provide  the  safety  and  isolation 
as  required  by  various  international  safety/regulatory 
agenciesalsoprovidethepoorestoutputvoltage  regulation. 
Solutions  to  these  parasitic  elements  have  been  achieved 
with  the  novel  sampling  error  amplifier  of  the  LT1103/ 
LT1 1 05.  A  brief  review  of  flyback  converter  operation  and 
the  problems  which  create  a  poorly  regulated  output  will 
provide  insight  on  how  the  sampling  error  amplifier  of  the 
LT1 1 03/LT1 1 05  addresses  the  regulation  issue  of  magnetic 
flux-sensed  converters. 

The  following  figure  shows  a  simplified  diagram  of  a 
flyback  converter  using  magnetic  flux-sensing.  The  major 
parasitic  elements  present  in  the  transformer-coupled 
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design  are  indicated.  The  relationships  between  the  primary 
voltage,  the  secondary  voltage,  the  bias  voltage  and  the 
winding  currents  are  indicated  in  the  figures  found  on  the 
following  page  for  both  continuous  and  discontinuous 
modes  of  operation. 


Simplified  Flyback  Converter 
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N  =  TURNS  RATIO  FROM  SECONDARY  TO  PRIMARY. 
N1  =  TURNS  RATIO  FROM  SECONDARY  TO  BIAS. 
N2  =  N/N1 

L(lkpRi)  =  PRIMARY  LEAKAGE  INDUCTANCE. 
L(lkSEC)  =  SECONDARY  LEAKAGE  INDUCTANCE. 
R  =  PARASITIC  WINDING.  DIODE  AND  OUTPUT 
CAPACITOR  RESISTANCE. 


When  the  switch  "turns  on,"  the  primary  winding  sees  the 
input  voltage  and  the  secondary  and  bias  windings  go  to 
negative  voltages  as  a  function  of  the  turns  ratio.  Current 
builds  in  the  primary  winding  as  the  transformer  stores 
energy.  When  the  switch  "turns  off,"  the  voltage  across 
the  switch  flies  back  to  a  clamp  level  as  defined  by  a 
snubber  network  until  the  energy  in  the  leakage  induc- 
tance of  the  primary  dissipates.  Leakage  inductance  is  one 
of  the  main  parasitic  elements  in  a  flux-sensed  converter 
and  is  modeled  as  an  inductor  in  series  with  the  primary 
and  secondary  of  the  transformer.  These  parasitic  induc- 
tances contribute  to  changes  in  the  bias  winding  voltage 
and  thus  the  output  voltage  with  increasing  load  current. 

The  energy  stored  in  the  transformertransfers  through  the 
secondary  and  bias  windings  during  "switch  off"  time. 
Ideally,  the  voltage  across  the  bias  winding  is  set  by  the  DC 
output  voltage,  the  forward  voltage  of  the  output  diode, 
and  the  turns  ratio  of  the  transformer  after  the  energy  in 
the  leakage  inductance  spike  of  the  primary  is  dissipated. 

This  relationship  holds  until  the  energy  in  the  transformer 
drops  to  zero  (discontinuous  mode)  orthe  switch  turns  on 
again  (continuous  mode).  Either  case  results  in  the  volt- 


age across  the  secondary  and  bias  windings  decreasing 
to  zero  or  changing  polarity.  Therefore,  the  voltage  on  the 
bias  winding  is  only  valid  as  a  representation  of  the  output 
voltage  while  the  secondary  is  delivering  current. 

Although  the  bias  winding  flyback  voltage  is  a  representa- 
tion of  the  output  voltage,  its  voltage  is  not  constant.  For 
a  brief  period  following  the  leakage  inductance  spike,  the 
bias  winding  flybackvoltagedecreasesduetononlinearities 
and  parasitics  present  in  the  transformer.  Following  this 
nonlinear  behavior  is  a  period  where  the  bias  winding 
flyback  voltage  decreases  linearly.  This  behavior  is  easily 
explained.  Current  flow  in  the  secondary  decreases  lin- 
early at  a  rate  determined  by  the  voltage  across  the 
secondary  and  the  inductance  of  the  secondary.  The 
parasitic  secondary  leakage  inductance  appears  as  an 
impedance  in  series  with  the  secondary  winding.  In  addi- 
tion, parasitic  resistances  exist  in  the  secondary  winding, 
the  output  diode  and  the  output  capacitor.  These  imped- 
ances can  be  combined  to  form  a  lumped  sum  equivalent 
and  which  cause  a  voltage  drop  as  secondary  current 
flows.  This  voltage  drop  is  coupled  from  the  secondary  to 
the  bias  winding  flyback  voltage  and  becomes  more  sig- 
nificant as  the  output  is  loaded  more  heavily.  This  voltage 
drop  is  largest  at  the  beginning  of  "switch  off"  time  and 
smallest  just  prior  to  either  all  transformer  energy  being 
depleted  or  the  switch  turning  on  again. 

The  best  representation  of  the  output  voltage  is  just  prior 
to  either  all  transformer  energy  being  used  up  and  the  bias 
winding  voltage  collapsing  to  zero  or  just  prior  to  the 
switch  turning  on  again  and  the  bias  winding  going 
negative.  This  point  in  time  also  represents  the  smallest 
forward  voltage  for  the  output  diode.  It  is  possible  to 
redefine  the  relationship  between  the  secondary  winding 
voltage  and  the  bias  winding  voltage  as: 


VBIAS 


_(V0UT+Vf  +  I-Rp) 


N1 


where  Vf  is  the  forward  voltage  of  the  output  diode,  I  is  the 
current  flowing  in  the  secondary,  Rp  is  the  lumped  sum 
equivalent  secondary  parasitic  impedance  and  N1  is 
thetransformer  turns  ratio  from  the  secondary  to  the  bias 
winding.  It  is  apparent  that  even  though  the  above  point  in 
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Flyback  Waveform  for  Continuous  Mode  Operation 


Flyback  Waveform  for  Discontinuous  Mode  Operation 
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time  is  the  most  accurate  representation  of  the  output 
voltage,  the  answer  given  by  the  bias  winding  voltage  is 
still  off  from  the  "true"  answer  by  the  amount  l«RP/N1. 

The  sampling  error  amplifier  of  the  LT1 1 03/LT1 1 05  pro- 
vides solutions  to  the  errors  associated  with  the  bias 
winding  flyback  voltage.  The  error  amplifier  is  comprised 
of  a  leakage  inductance  spike  blanking  circuit,  a  slew  rate 
limited  tracking  amplifier,  a  level  detector,  a  sample  and 
hold,  an  output  gm  stage  and  load  regulation  compensa- 
tion circuitry.  This  all  seems  complicated  at  first  glance, 
but  its  operation  is  straightforward  and  transparent  to  the 
user  of  the  IC.  When  viewed  from  a  system  or  block  level, 
the  sampling  error  amplifier  behaves  like  a  simple 
transconductance  amplifier.  Here's  how  it  works. 

The  sampling  error  amplifier  takes  advantage  of  the  fact 
that  the  voltage  across  the  bias  winding  during  at  least  a 
portion  of  switch-off  time  is  proportional  to  the  DC  output 
voltage  of  the  secondary  winding.  The  feedback  network 
used  to  sense  the  bias  winding  voltage  is  no  longer 
comprised  of  a  traditional  peak  detector  in  conjunction 
with  a  resistor  divider  network.  The  feedback  network 
consists  of  a  diode  in  series  with  the  bias  winding  feeding 
the  resistor  divider  network  directly.  The  resultant  error 
signal  is  then  fed  into  the  input  of  the  error  amplifier.  The 
purpose  of  the  diode  in  series  with  the  bias  winding  is  now 
not  to  peak  detect,  but  to  prevent  the  FB  pin  (input  of  the 
error  amplifier)  from  being  pulled  negative  and  forward 
biasing  the  substrate  of  the  IC  when  the  bias  winding 
changes  polarity  with  "switch  turn-on." 

The  primary  winding  leakage  inductance  spike  effects  are 
first  eliminated  with  an  internal  blanking  circuit  in  the 
LT1 1 03/LT1 1 05  which  suppresses  the  input  of  the  FB  pin 
for  1 .5p.s  at  the  start  of  "switch  off"  time.  This  prevents  the 
primary  leakage  inductance  spike  from  being  propagated 
through  the  error  amplifier  and  affecting  the  regulated 
output  voltage. 

With  the  effects  of  the  leakage  inductance  spike  elimi- 
nated, the  effects  of  decreasing  bias  winding  flyback 
voltage  can  be  addressed.  With  the  traditional  diode/ 
capacitor  peak  detector  circuitry  eliminated  from  the  feed- 
backnetwork,  the  tracking  amplifierof  the  LT1103/LT1 105 
follows  the  flyback  waveform  as  it  changes  with  time  and 


amplifies  the  difference  between  the  flyback  signal  and  the 
internal  4.5V  reference.  Tracking  is  maintained  until  the 
point  in  time  where  the  bias  winding  voltage  collapses  as 
a  result  of  all  transformer  energy  being  depleted  (discon- 
tinuous mode)  or  the  switch  turning  on  again  (continuous 
mode).  The  level  detector  circuit  senses  the  fact  that  the 
bias  winding  flyback  voltage  is  no  longer  a  representation 
of  the  output  voltage  and  activates  an  internal  peak  detec- 
tor. This  effectively  saves  the  most  accurate  representa- 
tion of  the  output  voltage  which  is  then  buffered  to  the 
second  stage  of  the  error  amplifier. 

The  second  stage  of  the  error  amplifier  consists  of  a 
sample  and  hold.  When  the  switch  turns  on,  the  sample 
and  hold  samples  the  buffered  error  voltage  for  1|is  and 
then  holds  for  the  remainder  of  the  switch  cycle.  This  held 
voltage  is  then  processed  by  the  output  gm  stage  and 
converted  into  a  control  signal  at  the  output  of  the  error 
amplifier,  the  Vc  pin. 

The  final  adjustment  in  regulation  is  provided  by  the  load 
regulation  compensation  circuitry.  As  stated  earlier,  out- 
put regulation  degrades  with  increasing  load  current  (out- 
put power).  The  effect  is  traced  to  secondary  leakage 
inductance  and  parasitic  secondary  winding,  diode  and 
output  capacitor  resistances.  Even  though  the  tracking 
amplifier  has  obtained  the  mostaccurate  representation  of 
the  output  voltage,  its  answer  is  still  flawed  by  the  amount 
of  the  voltage  drop  across  the  secondary  parasitic  lumped 
sum  equivalent  impedance  which  is  coupled  to  the  bias 
winding  voltage.  This  error  increases  with  increasing  load 
current.  Therefore,  a  technique  for  sensing  load  current 
conditions  has  been  added  to  the  LT1 1 03/LT1 1 05.  The 
switch  current  is  proportional  to  the  load  current  by  the 
turns  ratio  ofthetransformer.Asmall  current  proportional 
to  switch  current  is  generated  in  the  LT1 1 03/LT1 1 05  and 
fed  backto  the  FB  pin.  This  allows  the  input  bias  current  of 
the  sampling  error  amplifier  to  be  a  function  of  load 
current.  A  resistor  in  series  with  the  FB  pin  generates  a 
linear  increase  in  the  effective  reference  voltage  with 
increasing  load  current.  This  translates  to  a  linear  increase 
in  output  voltage  with  increasing  load  current.  By  adjust- 
ing the  value  of  the  series  resistor,  the  slope  of  the  load 
compensation  can  be  set  to  cancel  the  effects  of  these 
parasitic  voltage  drops.  The  feature  can  be  ignored  by 
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eliminating  the  series  resistor  and  lowering  the  equivalent 
divider  impedance  to  swamp  out  the  effects  of  the  input 
bias  current. 


Frequency  Compensation 


In  order  to  prevent  a  regulator  loop  using  the  LT1103/ 
LT1105  from  oscillating,  frequency  compensation  is 
required.  Although  the  architecture  of  the  LT1 1 03/LT1 1 05 
is  simple  enough  to  lend  itself  to  a  mathematical  approach 
to  frequency  compensation,  the  added  complication  of 
input/or  output  filters,  unknown  capacitor  ESR,  and  gross 
ope  rating  pointchanges  with  input  voltage  and  load  current 
variationsall  suggesta  more  practical  empirical  approach. 
Many  hours  spent  on  breadboards  have  shown  that  the 
simplest  way  to  optimize  the  frequency  compensation  of 
the  LT1 1 03/LT1 1 05  is  to  use  transient  response  techniques 
and  an  "R-C"  box  to  quickly  iterate  toward  the  final 
compensation  network.  Additional  information  on  this 
technique  of  frequency  compensation  can  be  found  in 
Linear  Technology's  Application  Note  19. 

In  general,  frequency  compensation  is  accomplished  with 
an  R-C  series  network  on  the  Vc  pin.  The  error  amplifier 
has  a  Gm  (voltage  "in"  to  current  "out")  of  «  12000 
p.mhos.  Voltage  gain  is  determined  by  multiplying  Gm 
times  the  total  equivalent  error  amplifier  output  loading, 
consisting  of  the  error  amplifier  output  impedance  in 
parallel  with  the  series  R-C  external  frequency 
compensation  network.  At  DC,  the  external  R-C  can  be 
ignored.  The  output  impedance  of  the  error  amplifier  is 
typically  100kC2  resulting  in  a  voltage  gain  of  =  1200.  At 
frequencies  just  above  DC,  the  voltage  gain  is  determined 
by  the  external  compensation,  Rc  and  Cc.  The  gain  at  mid 
frequencies  is  given  by: 


Av  = 


Gm 


27i»f»Cc 


The  gain  at  high  frequencies  is  given  by: 
Av  =  Gm  •  Rc 

Phase  shift  from  the  FB  pin  to  the  Vc  pin  is  90°  at  mid 
frequencies  where  the  external  Cc  is  controlling  gain,  then 
drops  back  to  0°  (actually  180°  since  FB  is  an  inverting 


input)  when  the  reactance  of  Cc  is  small  compared  to  Rc. 
Thus,  this  R-C  series  network  forms  a  pole-zero  pair.  The 
pole  is  set  by  the  high  impedance  output  of  the  error 
amplifier  and  the  value  of  Cc  on  the  Vc  pin.  The  zero  is 
formed  by  the  value  of  Cc  and  the  value  of  Rc  in  series  with 
Cc  on  the  Vc  pin.  The  R-C  series  network  will  have 
capacitor  values  in  the  range  of  0.1  u.F  - 1  .Ouf  and  series 
resistor  values  in  the  range  of  100Q  -  1000Q. 

It  is  noted  that  the  R-C  network  on  the  Vc  pin  forms  the 
main  compensation  network  for  the  regulator  loop.  How- 
ever, if  the  load  regulation  compensation  feature  is  used  as 
explained  in  the  section  on  fully-isolated  flyback  mode, 
additional  frequency  compensation  components  are  re- 
quired. The  load  regulation  compensation  feature  involves 
the  use  of  local  positive  feedback  from  the  Vc  pin  to  the  FB 
pin.  Thus,  it  is  possible  to  add  enough  load  regulation 
compensation  to  make  the  loop  oscillate.  In  order  to 
prevent  oscillation,  it  is  necessary  to  roll  off  this  local 
positive  feedback  at  high  frequencies.  This  is  accom- 
plished by  placing  a  capacitor  in  parallel  with  the  compen- 
sation resistor  which  is  in  series  with  the  FB  pin.  A  value 
for  this  capacitor  in  the  range  of  0.01  uf  to  0.1  (iF  is 
recommended.  The  time  constant  associated  with  this  R/ 
C  combination  will  be  longer  than  that  associated  with  the 
loop  bandwidth.  Thus,  transient  response  will  be  affected 
in  that  settling  time  will  be  increased.  However,  this  is 
typically  not  as  important  as  controlling  the  absolute 
u  nder  or  overshoot  amplitude  of  the  system  in  response  to 
load  current  changes  which  could  cause  deleterious  sys- 
tem operation. 

Switching  Regulator  Topologies 

Two  basic  switching  regulator  topologies  are  pertinent  to 
the  LT1103/LT1105,  the  flyback  and  forward  converter. 
The  flyback  converter  employs  a  transformer  to  convert 

one  voltage  to  eitherahigherorloweroutputvoltage.VouT 
in  continuous  mode  is  defined  as: 


VOUT=Vll\l*N' 


DC 


(1-DC) 
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where  N  is  the  transformer  turns  ratio  of  secondary  to 
primary  and  DC  is  the  duty  cycle.  This  formula  can  be 
rewritten  in  terms  of  duty  cycle  as: 

V0UT 


DC 


(Vqut  +  N'Vin) 


It  is  important  to  define  the  full  range  of  input  voltage,  the 
range  of  output  loading  conditions  and  the  regulation 
requirements  for  a  design.  Duty  cycle  should  be  calculated 
for  both  minimum  and  maximum  input  voltage. 

In  many  applications,  N  can  vary  over  a  wide  range  without 
degrading  performance.  If  maximum  output  power  is 
desired,  N  can  be  optimized: 


N, 


(OPT) : 


VOUT+Vf 


(vm-vin(max)"vsnub) 


where  Vf  =  Forward  voltage  of  the  output  diode 
Vm  =  Maximum  switch  voltage 
Vsnub  =  Snubber  clamp  level  -  primary  flyback 
voltage. 

In  the  isolated  flyback  mode,  the  LT1 1 03/LT1 1 05  sense 
and  regulate  the  transformer  primary  voltage  V>ri  during 
"switch  off"  time.  The  secondary  output  voltage  will  be 
regulated  if  VPR|  is  regulated.  VPR|  is  related  to  Vqut  by: 


vpri  =■ 


(VQUT+Vf) 


N 


This  allows  duty  cycle  for  an  isolated  flyback  converter  to 
be  rewritten  as: 


DC  =  Duty  Cycle: 


VPRI 


(Vpri  +V,N) 


An  important  transformer  parameter  to  be  determined  is 
the  primary  inductance  I_pr|.  The  value  of  this  inductance 
is  a  trade-off  between  core  size,  regulation  requirements, 
leakage  inductance  effects  and  magnetizing  current  Al. 
Magnetizing  current  is  the  difference  between  the  primary 
current  at  the  start  of  "switch  on"  time  and  the  current  at 
the  end  of  "switch  on"  time.  If  maximum  output  power  is 
needed,  a  reasonable  starting  value  is  found  by  assigning 
Al  a  value  of  20%  of  the  peak  switch  current  (2A  for  the 


LT1103  and  set  by  the  external  FET  rating  used  with  the 
LT1105).  With  this  design  approach,  LPm  is  defined  as: 


LPRl  -■ 


V, 


IN 


(Al)ff) 


1  + 


pri; 


If  maximum  output  power  is  not  required,  then  Al  can  be 
increased  which  results  in  lower  primary  inductance  and 
smallermagnetics.  Maximum  output  power  with  an  isolated 
flyback  converter  is  defined  by  the  primary  flyback  voltage 
and  the  peak  allowed  switch  current  and  is  limited  to: 


rOUT(MAX) 


(Vpri) 


(vpri+vin) 


V,M  ll 


IN  'P 


-f)-('P)2R 


where  R  =  Total  "switch"  ON  resistance 
lP  =  Maximum  switch  current 
E  =  Overall  efficiency  =  75% 

Peak  primary  current  is  used  to  determine  core  size  for  the 
transformer  and  is  found  from: 


i    _(vout)('out)(Vpri+V|n)  ,  Al 


A  second  consideration  on  primary  inductance  is  the 
transition  point  from  continuous  mode  to  discontinuous 
mode.  At  light  loads,  the  flyback  pulse  across  the  primary 
will  drop  to  zero  before  the  end  of  switch  "off"  time.  The 
load  current  at  which  this  starts  to  occur  can  be  calculated 
from: 


'OUT(TRANSITION)  = 


(VPRI  ,VIn) 


(VPRI+VIN)^(2V0UT)(f)(LfRI) 


The  forward  converter  as  shown  below  is  another 
transformer-based  topology  that  converts  one  voltage  to 
either  a  higher  or  a  lower  voltage. 

Vout  in  continuous  mode  is  defined  as: 
Vout  =  V|n'N'DC 
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Simplified  Forward  Converter 


The  secondary  voltage  charges  up  L1  through  D1  when  S1 
is  on.  When  S1  is  off,  energy  in  L1  is  transferred  through 
free-wheeling  diode  D2  to  C1.  The  extra  transformer 
winding  and  diode  D3  are  needed  in  a  single  switch 
forward  converter  to  define  the  switch  voltage  when  S1  is 
off.  This  "reset"  winding  limits  the  maximum  duty  cycle 


allowed  for  the  switch.  This  topology  trades  off  reduced 
transformersizeforincreased  complexity  and  parts  count. 
A  separate  isolated  feedback  path  is  required  for  full 
isolation  from  input  to  output  because  voltages  on  the 
primary  are  no  longer  related  to  the  DC  output  voltage 
during  switch  off  time. 

The  isolated  feedback  path  can  take  several  forms.  A 
second  transformer  in  a  modulator/demodulator  scheme 
provides  the  isolation,  but  with  significant  complexity.  An 
opto-isolator  can  be  substituted  for  the  transformer  with 
a  savings  in  volume  to  be  traded  off  with  component 
variations  and  possible  aging  problems  with  the  opto- 
isolatortransferfunction.  Finally,  an  extra  winding  closely 
coupled  to  the  output  inductor  L1  can  sense  the  flux  in  this 
element  and  give  a  representation  of  the  output  voltage 
when  S1  is  off. 


TVPicfit  nppucnTions 

LT1103  FET  Connection 


Setting  Oscillator  Frequency 


CHOOSE  20kHz  <F0scS  200kHz 

°SC  Fosc  (AV)(F0sc)  (2.5V)(F0SC) 
DC  a  0.66  =>  66% 


LT1105  FET  Connection 


B  vw 


Setting  Overvoltage  Lockout 

OVLOth 


>  R2 

LT1105 

OVLO 

•R1 

LTIIOJTWS 

CHOOSE  OVLOth 

LET  R1  =  5k 
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Decreasing  Oscillator  Maximum  Duty  Cycle 


Increasing  Oscillator  Maximum  Duty  Cycle 


CHOOSE  OS  DCs  0.66 
SOLVE  FOR  X=»X  = 
0sXs3 


CHOOSE  0.66S DCS  1.0 
SOLVE  FOR  X  =s  X  =  <^ 


(3X-2X2 


=»I1-X-I=X-1  OOjiA 
_n  1.75V 

=*R-  11 

„  100uA 
C°-(2.5V)(F0SC,- 


Synchronizing  Oscillator  Frequency  to  an  External  Clock 


»I1=X'I  =  X-100^A 
.  d  3.25V 


:osc) 
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LT1103  Ground  Connections 


15V 

V|N 

o 

OSC 
GND 
Vc 
FB 
Vsw 

SWITCH  CURRENT  PATH 
KEEP  RESISTANCE  LOW 


LTI103TA1U 


TO  BIAS 
WINDING  OUTPUT 


GND 


1105  Ground  Connections 


SEPARATE 
GROUND  PATH 


15V 

V|N 

o 

OSC 
GND 
Vc 
FB 

Vsw 

SWITCH  CURRENT  PATH 
KEEP  RESISTANCE  LOW 


Zr-VW-i 


1  i 


TO  BIAS 
WINDING  OUTPUT 


Minimum  Parts  Count  Fully-Isolated  Flyback  100kHz  50W  Converter 


OPTIONAL  OUTPUT  FILTER 


J±  35V        I  _Lt 


35V 
~J~  3600nF 

OUTPUT  CAPACITOR  IS  THREE  1200(iF, 
50V  CAPACITORS  IN  PARALLEL  TO 
ACHIEVE  REQUIRED  RIPPLE  CURRENT 
RATING  AND  LOW  ESR. 


5V 
 10A 

50V  1 
470„F  ! 


WINDINGS  FOR 
OPTIONAL 
±12VDC  OUTPUTS 


TRANSFORMER  DATA; 
j  COILTRONICS  -  CTX110228-3 

\  NPR,:NSEC  =  1:0.05 
Nbias:Nsec=  1:0.27 


5.25 
5.20 
5.15 
5.10 
.5.05 
5  5.0C 
'  4.95 
J  90 


Load  Regulation 


Vac 

•» 

AC- 

) 

10V 

c 

\ 

i 

4     5  6 

l0UT(A) 
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 LT1109 

TECHNOLOGY  Micropower  Low  Cost 

DC-to-DC  Converter 
Fixed  5V,  1 2V 


F€fiTUfi€S 

■  Uses  Off-the-Shelf  Inductors 

■  Only  33|aH  Inductor  Required 

■  Low  Cost 

■  3-Lead  TO-92,  S08,  or  8-Pin  DIP 

■  Fixed  5V  or  12V  Output 

■  120kHz  Oscillator 

■  Only  Three  External  Components  Required 

■  320u.AIQ 

■  1 .6V  Minimum  Start-Up  Voltage 

■  Logic  Controlled  Shutdown 

nppucOTions 

■  Flash  Memory  Vpp  Generators 

■  3V  to  5V  Converters 

■  5V  to  12V  Converters 

■  Disk  Drives 

■  PC  Plug-In  Cards 

■  Peripherals 

■  Battery  Powered  Equipment 


DCSCMPTIOn 

The  LT1 1 09-5  and  LT1 1 09-1 2  are  simple  step-up  DC-DC 
converters.  Available  in  3-lead  TO-92, 8-pin  SO  or  miniDIP 
packages,  the  devices  require  only  three  external  compo- 
nents to  construct  a  complete  DC-DC  converter.  Current 
drain  is  just  320u-A  at  no  load,  making  the  device  ideal  for 
cost-sensitive  applications  where  standby  current  must 
be  kept  to  a  minimum. 

The  LT1 1 09-5  can  deliver  5V  at  1 00mA  from  a  3V  input 
and  the  LT1109-12  can  deliver  12V  at  60mA  from  a  5V 
input.  The  8-pin  versions  also  feature  a  logic  controlled 
SHUTDOWN  pin  that  turns  off  the  oscillator  when  taken 
low.  The  gated-oscillator  design  requires  no  frequency 
compensation  components.  The  high  frequency  120kHz 
oscillator  permits  the  use  of  small  surface  mount  induc- 
tors and  capacitors.  For  a  5V  to  1 2V  at  1 20mA  converter, 
see  trie  LT1109A. 


TYPicm  nppucOTion 

All  Surface  Mount 
Flash  Memory  Vpp  Generator 


Output  Current 


Flash  Memory  Program  Output 


SHUTDOWN /PROGRAM  i 


8-PIN  PACKAGE  ONLY 

h  L1  =  SUMIDA  CD54-330LC  (l0UT  =  80mA) 

MURATA-ERIE  LQH4N330K  (l0UT  =  50mA) 
ISI  LCS2414-330K(lOUT=50mA) 

•C1  =  MATSUO  267M1602226  OR  EQUIVALENT 


I 

V 

10  20  30  40  50  60  70   80  90  100 
OUTPUT  CURRENT  (mA) 


1ms/DIV 


LTl  tD9  •  TPCD1 
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maximum 


(Voltages  Referred  to  GND  Pin) 

Supply  Voltage  (V0ut)  "0-4  to  20V 

SW  Pin  Voltage  -0.4  to  50V 

SHUTDOWN  Pin  Voltage  6.0V 

Maximum  Power  Dissipation  300mW 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


TOP  VIEW 


T\  SENSE 
7]  SHUTDOWN 
T|  NC 
T\  NC 


8-LEAD  PLASTIC  DIP 


T|  SENSE 
7]  SHUTDOWN 
J}  NC 
T}  NC 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 


Z  PACKAGE 
3-LEAD  TO-92  PLASTIC  mw-Kan 


ORDER  PART 
NUMBER 


LT1109CN8-5 
LT1109CN8-12 


LT1109CS8-5 
LT1109CS8-12 


S8  PART  MARKING 


10905 
10912 


LT1109CZ-5 
LT1109CZ-12 


€  UECTRIICfiL  CHARACTERISTICS  TA  =  25  C.  V,N  =  3V  (LT1109CN8,  LT1109CS8),  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

6 

Quiescent  Current 

Switch  Off 

• 

320 

550 

HA 

Minimum  Start-Up  Voltage 
at  Vout  Pi"  (Z  Package) 

1.6 

V 

VlN 

Input  Voltage  (N8,  S8  Package) 

• 

3 

V 

VOUT 

Output  Voltage 

LT1 109-5;  3V<V,N<5V 

• 

4.75 

5.00 

5.25 

V 

LT1109-12;  3V<V,N<12V 

• 

11.45 

12.00 

12.55 

Output  Voltage  Ripple 

LT1 109-5 

• 

25 

50 

mV 

LT1109-12 

• 

60 

120 

fosc 

Oscillator  Frequency 

• 

100 
90 

120 

140 
150 

kHz 

tON 

Switch  ON  Time 

• 

3.3 
3.0 

4.2 

5.3 
5.5 

us 

DC 

Duty  Cycle 

Full  Load 

• 

45 

50 

60 

% 

VcESAT 

Switch  Saturation  Voltage 

Isw  =  500mA 

LT1109-5:  V|N  =  3V;  LT1109-12:V,N  =  5V 

• 

0.4 
0.5 

0.7 
0.8 

V 

Switch  Leakage  Current 

VSW  =  12V 

1 

10 

4-239 


LT1109  

€l€CTRICfll  CHARACTERISTICS  TA  =  25°C,  V,n  =  3V  (LTH09CN8,  LT1109CS8),  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN            TYP  MAX 

UNITS 

V|H 

SHUTDOWN  Pin  High 

N8,  S8  Package 

• 

2.0 

V 

VlL 

SHUTDOWN  Pin  Low 

N8,  S8  Package 

• 

0.8 

V 

l|H 

SHUTDOWN  Pin  Input  Current 

N8,  S8  Package,  VShutdown  =  4V 

• 

10 

llA 

II 

N8,  S8  Package,  VSHutdown  =  OV 

• 

20 

HA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 


P€RFORmnnC€  chrrrctcristics 


Oscillator  Frequency 


-50  -25 


50       75  100 


TEMPERATURE  (°C) 

LTUOS-1 


130 
128 
£126 
>■  124 
|  122 

I  120 
g  118 

3  116 
§114 
112 
110 


Oscillator  Frequency 


Switch  ON  Time 


2     4     6     8    10  12   14  16  18  20 
INPUT  VOLTAGE  (V) 


-50    -25       0       25       50      75  100 
TEMPERATURE  (°C) 


LT11M-TPC04 


4-240 


LT1109 


TVPICfiL  P€RFOfimnnC€  CHRRRCT€RISTICS 


Minimum/Maximum 
Oscillator  Frequency  vs  T0N 


1 

0°C  <  TA  <  70°C 

X 

m 

A  =  2 

II 

0   2.5  3 

0  3 

5    4.0   4.5    5.0    5.5  6 

Ton (ms) 


LT1 106  ■  TPCOB 


450 


Quiescent  Current 


200 


=  25 

■c 

0    2     4     6     8    10   12   14  16   18  20 
INPUT  VOLTAGE  (V) 


LT11O9-TPC09 


Quiescent  Current 


-25       0  25 

TEMPERATURE  (°C) 


LT1109-TPC10 


LT1 109-5,  -12  Z  Package 

VOUT 


120kHz 

>— 

OSCILLATOR 

->-c| 


LT1 109-5:  R1  =  83k 
LT1109-12:  R1  =  29k 


LT1109-5,  -12  N8,  S8  Package 


V|N  SENSE 


LT11O9-TA03 


LT1109Z  OP€RflTIOn 

The  LT1 1 09Z-5  and  LT1 1 09Z-1 2  are  fixed  output  voltage 
step-up  DC-to-DC  converters  in  a  3-pin  TO-92  package. 
Power  for  internal  regulator  circuitry  is  taken  from  the 
Vout  Pin,  a  technique  known  as  "bootstrapping."  Circuit 
operation  can  be  best  understood  by  referring  to  the  block 
diagram.  V0ut.  attenuated  by  R1  and  R2,  is  applied  to  the 
negative  input  of  comparator  A1 .  When  this  voltage  falls 
below  the  1 ,25V  reference  voltage,  the  oscillator  is  turned 
on  and  the  power  switch  Q1  cycles  at  the  oscillator 


frequency  of  120kHz.  Switch  cycling  alternately  builds 
current  in  the  inductor,  then  dumps  it  into  the  output 
capacitor,  increasing  the  output  voltage.  When  A1  's  nega- 
tive input  rises  above  1 .25V,  it  turns  off  the  oscillator.  A 
small  amount  of  hysteresis  in  A1  obviates  the  need  for 
frequency  compensation  circuitry.  When  Q1  is  off,  current 
into  the  Vout  pin  drops  to  just  320uA  Quiescent  current 
from  the  battery  will  be  higher  because  the  device  oper- 
ates off  the  stepped-up  voltage. 


XTUBSi 
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LT1109  S8  IMD  08  OPCRRTIOn 

The  8-pin  versions  of  the  LT11Q9  have  separate  pins  for 
V|N  and  SENSE  and  also  have  a  SHUTDOWN  pin.  Separat- 
ing the  device  Vim  pin  from  the  SENSE  pin  allows  the  device 
to  be  powered  from  the  (lower)  input  voltage  rather  than 
the  (higher)  output  voltage.  Although  quiescent  current 
remains  constant,  quiescent  power  will  be  reduced  by 


using  the  8-pin  version  since  the  quiescent  current  flows 
from  a  lower  voltage  source.  The  SHUTDOWN  pin  disables 
the  oscillator  when  taken  to  a  logic  "0."  If  left  floating  or 
tied  high,  the  converter  operates  normally.  With  SHUT- 
DOWN low,  quiescent  current  remains  at  320uA 


nppucOTions  inFORmnnon 


Inductor  Selection 

A  DC-DC  converter  operates  by  storing  energy  as  mag- 
netic flux  in  an  inductor  core,  and  then  switching  this 
energy  into  the  load.  To  operate  as  an  efficient  energy 
transfer  element,  the  inductor  must  fulfill  three  require- 
ments. First,  the  inductance  must  be  low  enough  for  the 
inductor  to  store  adequate  energy  under  the  worst  case 
condition  of  minimum  input  voltage  and  switch  ON  time. 
The  inductance  must  also  be  high  enough  so  that  maxi- 
mum current  ratings  of  the  LT1109  and  inductor  are  not 
exceeded  at  the  other  worst  case  condition  of  maximum 
input  voltage  and  ON  time.  Additionally,  the  inductor  core 
must  be  able  to  store  the  required  flux;  i.e.,  it  must  not 
saturate.  At  power  levels  generally  encountered  with 
LT1109  designs,  small  ferrite  surface-mount  inductors 
will  function  well.  Lastly,  the  inductor  must  have  suffi- 
ciently low  DC  resistance  so  that  excessive  power  is  not 
lost  as  heat  in  the  windings.  Look  for  DCR  values  in  the 
inductors' specification  tables;  values  under0.5D  will  give 
best  efficiency.  An  additional  consideration  is  Electro- 
Magnetic  Interference  (EMI).  Toroid  and  pot  core  type 
inductors  are  recommended  in  applications  where  EMI 
must  be  kept  to  a  minimum;  for  example,  where  there  are 
sensitive  analog  circuitry  or  transducers  nearby.  Rod  core 
types  area  less  expensive  choice  where  EMI  is  nota  problem. 

Specifying  a  proper  inductor  for  an  application  requires 
first  establishing  minimum  and  maximum  input  voltage, 
output  voltage,  and  output  current.  In  a  step-up  converter, 
the  inductive  events  add  to  the  input  voltage  to  produce  the 
output  voltage.  Power  required  from  the  inductor  is  deter- 
mined by 


where  VD  is  the  diode  drop  (0.5V  for  a  1 N581 8  Schottky). 
Energy  required  by  the  inductor  per  cycle  must  be  equal  or 
greater  than 


(02) 


Fosc 


in  order  for  the  converter  to  regulate  the  output. 

When  the  switch  is  closed,  current  in  the  inductor  builds 
according  to 


-R't 

1-e  L 


(03) 


where  R'  is  the  sum  of  the  switch  equivalent  resistance 
(0.8  typical  at  25°C)  and  the  inductor  DC  resistance.  When 
the  drop  across  the  switch  is  small  compared  to  V|N,  the 
simple  lossless  equation 


V|N 


(04) 


Pl  =  (Vout  +  Vd-V|N)(IOUt) 


(01) 


can  be  used.  These  equations  assume  that  at  t  =  0, 
inductor  current  is  zero.  This  situation  is  called  "discon- 
tinuous mode  operation"  in  switching  regulator  parlance. 
Setting  "t"  to  the  switch  ON  time  from  the  LT1 1 09  speci- 
fication table  (typically  4.2u,s)  will  yield  Ipeak  for  a  specific 
"L"  and  Vin.  Once  Ipeak  is  known,  energy  in  the  inductor 
at  the  end  of  the  switch  ON  time  can  be  calculated  as 

EL  =  !LIPEAK  (°5) 

EL  must  be  greaterthan  PL/Foscforthe  converterto  deliver 
the  required  power.  For  best  efficiency  lPEAK  should  be 


4-242 


LT1109 


flppucOTions  inFORmnTion 


kept  to  600mA  or  less.  Higher  switch  currents  will  cause 
excessive  drop  across  the  switch  resulting  in  reduced 
efficiency.  In  general,  switch  current  should  be  held  to  as 
low  a  value  as  possible  in  order  to  keep  switch,  diode  and 
inductor  losses  at  a  minimum. 

As  an  example,  suppose  1 2V  at  60mA  is  to  be  generated 
from  a  4.5V  input.  Recalling  Equation  01 , 

PL  =  (12V  +  0.5V  -  4.5V)  (60mA)  =  480mW.  (06) 
Energy  required  from  the  inductor  is 
P|_  480mW 


=  4.  Op.  J. 


(07) 


F0SC  120kHz 

Picking  an  inductor  value  of  33|iH  with  0.2Q  DCR  results 
in  a  peak  switch  current  of 

f  -1.0.4.2ns" 
1  _  e  33u.H 


PEAK  : 


4.5  V 


1.0Q 


=  538mA. 


Substituting  Ipeak  into  Equation  03  results  in 
:4.77nJ. 


!L  =  ^(33|iH)(0.538A)2 


(08) 


(09) 


Since  4.77uJ  >  4pJ  the  33p.H  inductor  will  work.  This  trial- 
and-error  approach  can  be  used  to  select  the  optimum 
inductor.  Keep  in  mind  the  switch  current  maximum  rating 
of  1.2A.  If  the  calculated  peak  current  exceeds  this,  the 
input  voltage  must  be  increased  or  the  load  decreased. 

Capacitor  Selection 

The  output  capacitor  should  be  chosen  on  the  basis  of  its 
equivalent  series  resistance  (ESR).  Surface-mount  tanta- 
lum electrolytics  can  be  used  provided  the  ESR  value  is 
sufficiently  low.  An  ESR  of  0.1 0  will  result  in  a  50mV  step 
at  the  output  of  the  converter  when  the  peak  inductor 
current  is  500mA.  Physically  larger  capacitors  have  lower 
ESR. 

Diode  Selection 

Speed,  forward  drop,  and  leakage  current  are  the  three 
main  considerations  in  selecting  a  catch  diode  for  LT1 1 09 
converters.  General  purpose  rectifiers  such  as  the  1 N4001 


are  unsuitablelor  use  in  any  switching  regulator  applica- 
tion. Although  they  are  rated  at  1  A,  the  switching  time  of 
a  1 N4001  is  in  the  1 0u.s-50u,s  range.  At  best,  efficiency  will 
be  severely  compromised  when  these  diodes  are  used;  at 
worst,  the  circuit  may  not  work  at  all.  Most  LT1 1 09  circuits 
will  be  well  served  by  a  1N5818  Schottky  diode.  The 
combination  of  500mV  forward  drop  at  1A  current,  fast 
turn  ON  and  turn  OFF  time,  and  4p.A  to  10u.A  leakage 
current  fit  nicely  with  LT1109  requirements.  At  peak 
switch  currents  of  1 00mA  or  less,  a  1 N41 48  signal  diode 
may  be  used.  This  diode  has  leakage  current  in  the  1  nA- 
5nA  range  at  25°C  and  lower  cost  than  a  1 N581 8. 

Table  1.  Inductor  Manufacturers 


MANUFACTURER 

PART  NUMBERS 

Caddell-Burns 

7120  Series 

258  East  Second  Street 

Mineola,  NY  11501 

516-746-2310 

Coiltronics  International 

Surface  Mount 

984  S.W.  13th  Court 

CTX-100  Series 

Pompano  Beach,  FL  33069 

305-781-8900 

Toko  America  Incorporated 

Type  8RBS 

1250  Feehanville  Drive 

Mount  Prospect,  IL  60056 

312-297-0070 

Sumida  Electric  Co.,  Ltd. 

CD54 

637  E.  Golf  Road,  Suite  209 

CD105 

Arlington  Heights,  IL  60005 

Surface  Mount 

708-956-0666 

Table  2.  Capacitor  Manufacturers 

MANUFACTURER 

PART  NUMBERS 

Sanyo  Video  Components 

OS-CON  Series 

1201  Sanyo  Avenue 

San  Diego,  CA  92073 

619-661-6322 

Matsuo  Electronics 

267  Series 

2134  Main  Street,  Suite  200 

Huntington  Beach,  CA  92648 

714-969-2491 

Kemet  Electronics  Corporation 

T491  Series 

Box  5928 

Greenville,  SC  29606 

803-963-6621 

Philips  Components 

49MC  Series 

2001  W.  Blue  Heron  Blvd. 

P.O.  Box  10330 

Riviera  Beach,  FL  33404 

407-881-3200 
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3-Pin  Package  Flash  Memory  Vpp  Generator 


SHUTDOWN  /  PROGRAM  H  |l^VN2222 


QUIESCENT  CURRENT  =  0  IN  SHUTDOWN 


3V  to  12V  Converter 


12V 

40mA  AT  3V  INPUT 
15mAAT2V  INPUT 


3V  to  5V  Converter 


2  CELLS  JZ- 


5V 

100mA  AT  3V  INPUT 
20mA  AT  2V  INPUT 


LTU09-TAM 


3V  to  5V  Converter  with  Shutdown 


L1* 
22(iH 


2CELLS-=- 


SW 

LT1109CS8-5 
SDN  SENSE 


MBRS120T3 


-  5V  OUTPUT 

.  22(iF 
■  16V 


SHUTDOWN  -L1  =  SUMIDA  C054-220LC 
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 LT111Q 

Micropower 
DC-DC  Converter 
Adjustable  and  Fixed  5V,  12V 


F€ATUR€S 

■  Operates  at  Supply  Voltages  From  1  .OV  to  30V 

■  Works  in  Step-Up  or  Step-Down  Mode 

■  Only  Three  External  Off-the-Shelf  Components 
Required 

■  Low-Battery  Detector  Comparator  On-Chip 

■  User-Adjustable  Current  Limit 

■  Internal  1 A  Power  Switch 

■  Fixed  or  Adjustable  Output  Voltage  Versions 

■  Space-Saving  8-Pin  MiniDIP  or  S8  Package 

nppucRTions 

■  Pagers 

■  Cameras 

■  Single-Cell  to  5V  Converters 

■  Battery  Backup  Supplies 

■  Laptop  and  Palmtop  Computers 

■  CellularTelephones 

■  Portable  Instruments 

■  Laser  Diode  Drivers 

■  Hand-Held  Inventory  Computers 


DCSCRIPTIOn 

The  LT1110  is  a  versatile  micropower  DC-DC  converter. 
The  device  requires  only  three  external  components  to 
deliver  a  fixed  output  of  5V  or  1 2V.  The  very  low  minimum 
supply  voltage  of  1.0V  allows  the  use  of  the  LT1110  in 
applications  where  the  primary  power  source  is  a  single 
cell.  An  on-chip  auxiliary  gain  block  can  function  as  a  low 
battery  detector  or  linear  post  regulator. 

The  70kHz  oscillator  allows  the  use  of  surface  mount 
inductors  and  capacitors  in  many  applications.  Quiescent 
current  is  just  300p.A,  making  the  device  ideal  in  remote  or 
battery  powered  applications  where  current  consumption 
must  be  kept  to  a  minimum. 

The  device  can  easily  be  configured  as  a  step-up  or 
step-down  converter,  although  for  most  step-down 
applications  or  input  sources  greater  than  3V,  the  LT1 1 1 1 
is  recommended.  Switch  current  limiting  is  user-adjustable 
by  adding  asingle  external  resistor.  Unique  reverse  battery 
protection  circuitry  limits  reverse  current  to  safe,  non- 
destructive levels  at  reverse  supply  voltages  up  to  1 .6V. 


typical  nppucmion 


.  1.5V 
AA  CELL- 


AM  Surface  Mount 
Single  Cell  to  SV  Converter 


SUMIDA 
CD54-470K 
47(»H 


GND 


Win 

swi 


SENSE 
SW2 


OPERATES  WITH  CELL  VOLTAGE  >  1 .0V 

"ADD  10nF  DECOUPLING  CAPACITOR  IF  BATTERY 
IS  MORE  THAN  T  AWAY  FROM  LT1 1 1 0. 


•  5V 


ISlF 

TANTALUM 


90 

85 

80 

g  75 
> 

|  70 
o 

£  65 
60 
55 
50 


Efficiency 


V,. 

=  ri 

OV 

t-T 

V,N 

-  V 

=  1.12 

)V 

DOV  " 

IT1110-TM1 


0     5     10    15    20    25     30    35  40 
LOAD  CURRENT  (mA) 


LT1110-TA02 


XT 
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rbsoiutc  mnximum  nnnnGs 

Supply  Voltage,  Step-Up  Mode  15V 

Supply  Voltage,  Step-Down  Mode  36V 

SW1  Pin  Voltage  50V 

SW2  Pin  Voltage  -0.5V  to  V,N 

Feedback  Pin  Voltage  (LT1 110)  5.5V 

Switch  Current  1.5A 

Maximum  Power  Dissipation  500mW 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  MFORfflRTIOn 


TOP  VIEW 


T\  FB  (SENSE)- 
T|  SET 
T]  AO 
T]  GND 


N8  PACKAGE 
i-LEAD  PLASTIC  DIP 
'FIXED  VERSIONS 


LT1110-POW1 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

•FIXED  VERSIONS 


ORDER  PART 
NUMBER 


LT1110CM8 

LT1110CN8-5 

LT1110CN8-12 


LT1110CS8 

LT1110CS8-5 

LT1110CS8-12 


S8  PART  MARKING 


1110 

11005 

11012 


€l€CTRICRl  CHARACTERISTICS  TA  =  25  C.  V,N  =  1.5V,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

|Q 

Quiescent  Current 

Switch  Off 

300 

(xA 

VlN 

Input  Voltage 

Step-Up  Mode 

1.15 
1.0 

12.6 
12.6 

V 
V 

Step-Down  Mode 

30 

V 

Comparator  Trip  Point  Voltage 

LT1 110  (Note  1) 

210 

220 

230 

mV 

VoUT 

Output  Sense  Voltage 

LT1 11 0-5  (Note  2) 

4.75 

5.00 

5.25 

V 

LT1 11 0-1 2  (Note  2) 

11.4 

12.00 

12.6 

V 

Comparator  Hysteresis 

LT1110 

4  8 

mV 

Output  Hysteresis 

LT1110-5 

90 

180 

mV 

LT1110-12 

200 

400 

mV 

fosc 

Oscillator  Frequency 

52 

70 

90 

kHz 

DC 

Duty  Cycle 

Full  Load  (VpB  <  VREF) 

62 

69 

78 

% 

t0N 

Switch  ON  Time 

7.5 

10 

12.5 

(IS 

Ifb 

Feedback  Pin  Bias  Current 

LT1110,  VFB  =  0V 

70  150 

nA 

ISET 

Set  Pin  Bias  Current 

VsET  =  VREF 

100  300 

nA 

Vao 

AO  Output  Low 

IAO  =  -300uA  VSFj  =  150mV 

0.15 

0.4 

V 

Reference  Line  Regulation 

1.0V  <V|N<  1.5V 

0.35 

1.0 

%/V 

1.5V<V,N  <  12V 

0.05 

0.1 

%/v 

LT1110 


€l€CTRICfll  CHRRRCT6RISTICS  Ta  =  25  C,  V|n  =  1.5V,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VcESAT 

Switch  Saturation  Voltage 
Step-Up  Mode 

V|N  =  1.5V,  lsw  =  400mA 

• 

300 

400 
600 

mV 
mV 

V|N  =  1.5V,  lsw  =  500mA 

• 

400 

550 
750 

mV 
mV 

V|N  =  5V,  lsw  =  1A 

700 

1000 

mV 

Av 

A2  Error  Amp  Gain 

RL  =  100kQ(Note3) 

• 

1000 

5000 

V/V 

'rev 

Reverse  Battery  Current 

(Note  4) 

750 

mA 

'lim 

Current  Limit 

220Q  Between  lUM  and  V|N 

400 

mA 

Current  Limit  Temperature 
Coefficient 

-0.3 

%/°C 

I  LEAK 

Switch  OFF  Leakage  Current 

Measured  at  SW1  Pin 

1 

10 

HA 

VSW2 

Maximum  Excursion  Below  GND 

IswiSlOuA,  Switch  Off 

-400  -350 

mV 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  Note  3: 1 OOkfi  resistor  connected  between  a  5V  source  and  the  AO  pin. 

temperature  range.  Note  4:  The  LT1 1 1 0  is  guaranteed  to  withstand  continuous  application  of 

Note  1:  This  specification  guarantees  that  both  the  high  and  low  trip  point      +1 .6V  applied  to  the  GND  and  SW2  pins  while  V|N,  lUM,  and  SW1  pins  are 
of  the  comparator  fall  within  the  21  OmV  to  230mV  range.  grounded. 
Note  2:  This  specification  guarantees  that  the  output  voltage  of  the  fixed 
versions  will  always  fall  within  the  specified  range.  The  waveform  at  the 
sense  pin  will  exhibit  a  sawtooth  shape  due  to  the  comparator  hysteresis. 


TYPICAL  P€RFORmi)nC€  CHARACTERISTICS 
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Duty  Cycle 


0  -2 

5       0       25       50      75  1( 

500 
450 
400 
350 
|  300 
~5  250 
%2W 
150 
100 
50 


Switch  Saturation  Voltage 


V,N.1.5V 

'sv 

,  =  500r 

lA 

TEMPERATURE  {°C) 


LTino-TPCW 


-25       0       25  50 
TEMPERATURE  (°C) 


1.4 

1.2 

10 

> 

0.8 

>* 

0.6 

0.4 

0.2 

Saturation  Voltage 
Step-Up  Mode 


|  VlN  =  3.0V 

-  o  nu  i 

1.5V 

y 

Vi 

=1.i 

V  / 

5.0V 

=  1.0V// 

LTIIIO-TPCOS 


0    0.2    0.4    0.6    0.8    1.0    1.2    1.4  1.6 
'switch  (a) 


1.4 

1  2 

10 

> 

0.8 

§ 

0.6 

o 

0.4 

0.2 

0 

Switch  On  Voltage 
Step-Down  Mode 


0.2 


-12V 

0.4  0.6 
'switch  (a) 


100 
95 

85 

0  80 

1  75 
a 

g  65 
<j  60 
d  55 
8  50 
45 
40 


Minimum/Maximum  Frequency  vs 
On  Time 


\ 

F 

X 

- 

0°C 

<1 

A  - 

70° 

5- 

9       10  11 
SWITCH  ON  TIME  (Ms) 


400 
380 
,  360 
-340 
!  320 
i  300 
;  280 
!  260 
1  240 
220 
200 


Quiescent  Current 


0    3     6     9    12   15  18   21    24  27  30 
INPUT  VOLTAGE  (V) 
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160 
140 
120 
100 

I  80 

i 

I  60 
40 
20 


Set  Pin  Bias  Current 


-25       0        25  50 
TEMPERATURE  (°C) 


75  100 


120 
110 
100 
90 
%  80 
£  70 
I  60 
3  50 
3  40 

m 

30 
20 
10 
0 


FB  Pin  Bias  Current 


226 
224 
222 
:  220 
=  218 
216 
214 


Reference  Voltage 


-50  -25 


LT111D-IPC13 


0  25  50  75 
TEMPERATURE  (°C) 


100 


0  25  50 
TEMPERATURE  (°C) 


75  100 

LT1110-TPC15 


pin  Funaions 

■lim  (Pin  1 ):  Connect  this  pin  to  V|N  for  normal  use.  Where 
lower  current  limit  is  desired,  connect  a  resistor  between 
Ilim  and  V|N.  A  220Q  resistor  will  limit  the  switch  current 
to  approximately  400mA. 

Vin  (Pin  2):  Input  supply  voltage. 

SW1  (Pin  3):  Collector  of  power  transistor.  For  step-up 
mode  connect  to  inductor/diode.  For  step-down  mode 
connect  to  Vin. 

SW2  (Pin  4):  Emitter  of  power  transistor.  For  step-up 
mode  connect  to  ground.  For  step-down  mode  connect  to 
inductor/diode.  This  pin  must  never  be  allowed  to  go  more 
than  a  Schottky  diode  drop  below  ground. 


GND  (Pin  5):  Ground. 

AO  (Pin  6):  Auxiliary  Gain  Block  (GB)  output.  Open  collector, 
can  sink  300uA 

SET  (Pin  7):  GB  input.  GB  is  an  op  amp  with  positive  input 
connected  to  SET  pin  and  negative  input  connected  to 
220mV  reference. 

FB/SENSE  (Pin  8):  On  the  LT1110  (adjustable)  this  pin 
goes  to  the  comparator  input.  On  the  LT1110-5  and 
LT1 1 1 0-1 2,  this  pin  goes  to  the  internal  application  resistor 
that  sets  output  voltage. 


— 


— 


IT1110  BLOCK  DIRGRnm 


VlN 


220mV 
REFERENCE 


>   AO 

"  GAIN  BLOCK/ERROR  AMP 


GND 


OSCILLATOR 


DRIVER 


XTUDS5B 
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The  LT1110  is  a  gated  oscillator  switcher.  This  type 
architecture  has  very  low  supply  current  because  the 
switch  is  cycled  only  when  the  feedback  pin  voltage  drops 
below  the  reference  voltage.  Circuit  operation  can  best  be 
understood  by  referring  to  the  LT1110  block  diagram 
above.  Comparator  A1  compares  the  FB  pin  voltage  with 
the  220mV  reference  signal.  When  FB  drops  below 
220mV,  A1  switches  on  the  70kHz  oscillator.  The  driver 
amplifier  boosts  the  signal  level  to  drive  the  output  NPN 
power  switch  Q1.  An  adaptive  base  drive  circuit  senses 
switch  current  and  provides  just  enough  base  drive  to 
ensure  switch  saturation  without  overdriving  the  switch, 
resulting  in  higher  efficiency.  The  switch  cycling  action 
raises  the  output  voltage  and  FB  pin  voltage.  When  the  FB 
voltage  is  sufficient  to  trip  A1 ,  the  oscillator  is  gated  off.  A 
small  amount  of  hysteresis  built  into  A1  ensures  loop 
stability  without  external  frequency  compensation.  When 
the  comparator  is  low  the  oscillator  and  all  high  current 
circuitry  isturned  off,  lowering  device  quiescent  current  to 
just  300u.A  for  the  reference,  A1  and  A2. 

The  oscillator  is  set  internally  for  10u.s  ON  time  and  5u.s 
OFF  time,  optimizing  the  device  for  step-up  circuits  where 
Vout  -  3V|n,  e.g.,  1 .5V  to  5V.  Other  step-up  ratios  as  well 
as  step-down  (buck)  converters  are  possible  at  slight 
losses  in  maximum  achievable  power  output. 


A2  is  a  versatile  gain  block  that  can  serve  as  a  low  battery 
detector,  a  linear  post  regulator,  or  drive  an  under  voltage 
lockout  circuit.  The  negative  input  of  A2  is  internally 
connected  to  the  220mV  reference.  An  external  resistor 
divider  from  Vim  to  GND  provides  the  trip  point  for  A2.  The 
AO  output  can  sink  300|iA  (use  a  47k  resistor  pull  up  to 
+5V).  This  line  can  signal  a  microcontrollerthatthe  battery 
voltage  has  dropped  belowthe  preset  level.  To  prevent  the 
gain  block  from  operating  in  its  linear  region,  a  2MQ 
resistor  can  be  connected  from  AO  to  SET.  This  provides 
positive  feedback. 

A  resistor  connected  between  the  Ilim  pin  and  Vin  adjusts 
maximum  switch  current.  When  the  switch  current  ex- 
ceeds the  set  value,  the  switch  is  turned  off.  This  feature 
is  especially  useful  when  small  inductance  values  are  used 
with  high  input  voltages.  If  the  internal  current  limit  of  1.5A 
is  desired,  Ilim  should  be  tied  directly  to  Vin.  Propagation 
delay  through  the  current  limit  circuitry  is  about  700ns. 

In  step-up  mode,  SW2  is  connected  to  ground  and  SW1 
drives  the  inductor.  In  step-down  mode,  SW1  is  con- 
nected to  Vin  and  SW2  drives  the  inductor.  Output  voltage 
is  set  by  the  following  equation  in  either  step-up  or  step- 
down  modes  where  R1  is  connected  from  FB  to  GND  and 
R2  is  connected  from  Vout  to  FB. 


VOUT=(220mV)|^  +  1 


(01) 


IT1110-5,  -12  BLOCK  DlflGRnm       IT1110-5,  -12  OP€fiflTIOfl 


The  LT1 1 1 0-5  and  LT1 110-12  fixed  output  voltage  versions 
have  the  gain  setting  resistors  on-chip.  Only  three  external 
components  are  required  to  construct  a  5V  or  12V  output 
converter.  16uA  flows  through  R1  and  R2  in  the  LT1110-5, 
and  39|iA  flows  in  the  LT1 1 1 0-1 2.  This  current  represents  a 
load  and  the  converter  must  cycle  from  time  to  time  to 
maintain  the  proper  output  voltage.  Output  ripple,  inherently 
present  in  gated  oscillator  designs,  will  typically  run  around 
90mV  for  the  LT1 1 1 0-5  and  200mV  for  the  LT1 110-12  with 
the  proper  inductor/capacitor  selection.  This  output  ripple 
can  be  reduced  considerably  by  using  the  gain  block  amp  as 
a  pre-amplifier  in  front  of  the  FB  pin.  See  the  Applications 
section  for  details. 
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Inductor  Selection  —  General 

A  DC-DC  converter  operates  by  storing  energy  as  mag- 
netic flux  in  an  inductor  core,  and  then  switching  this 
energy  into  the  load.  Since  it  is  flux,  not  charge,  that  is 
stored,  the  output  voltage  can  be  higher,  lower,  or  opposite 
in  polarity  to  the  input  voltage  by  choosing  an  appropriate 
switching  topology.  To  operate  as  an  efficient  energy 
transfer  element,  the  inductor  must  fulfill  three  require- 
ments. First,  the  inductance  must  be  low  enough  for  the 
inductor  to  store  adequate  energy  under  the  worst  case 
condition  of  minimum  input  voltage  and  switch  ON  time. 
The  inductance  must  also  be  high  enough  so  maximum 
current  ratings  of  the  LT1110  and  inductor  are  not  ex- 
ceeded at  the  other  worst  case  condition  of  maximum 
input  voltage  and  ON  time.  Additionally,  the  inductor  core 
must  be  able  to  store  the  required  flux;  i.e.,  it  must  not 
saturate.  At  power  levels  generally  encountered  with 
LT1110  based  designs,  small  surface  mount  ferrite  core 
units  with  saturation  current  ratings  in  the  300mA  to  1 A 
range  and  DCR  less  than  0.4Q  (depending  on  application) 
are  adequate.  Lastly,  the  inductor  must  have  sufficiently 
low  DC  resistance  so  excessive  power  is  not  lost  as  heat 
in  the  windings.  An  additional  consideration  is  Electro- 
Magnetic  Interference  (EMI).  Toroid  and  pot  core  type 
inductors  are  recommended  in  applications  where  EMI 
must  be  kept  to  a  minimum;  for  example,  where  there  are 
sensitive  analog  circuitry  ortransducers  nearby.  Rod  core 
types  are  a  less  expensive  choice  where  EMI  is  not  a 
problem.  Minimum  and  maximum  input  voltage,  output 
voltage  and  output  current  must  be  established  before  an 
inductor  can  be  selected. 

Inductor  Selection  —  Step-Up  Converter 

In  a  step-up,  or  boost  converter  (Figure  4),  power  gener- 
ated by  the  inductor  makes  up  the  difference  between 
input  and  output.  Power  required  from  the  inductor  is 
determined  by 

Pl  =  (Vout  +  VD  -  V|N  min)  (Iout)  (01) 
where  VD  is  the  diode  drop  (0.5V  for  a  1 N581 8  Schottky). 


Energy  required  by  the  inductor  per  cycle  must  be  equal  or 
greater  than 

A. 

fosc 

in  order  for  the  converter  to  regulate  the  output. 


(02) 


When  the  switch  is  closed,  current  in  the  inductor  builds 
according  to 


Ut)  = 


V|N 


1- 


-R't 
L 


(03) 


where  R1  is  the  sum  of  the  switch  equivalent  resistance 
(0.8Q  typical  at  25°C)  and  the  inductor  DC  resistance. 
When  the  drop  across  the  switch  is  small  compared  to  Vim, 
the  simple  lossless  equation 


t 


(04) 


can  be  used.  These  equations  assume  that  at  t  =  0, 
inductor  current  is  zero.  This  sai  ation  is  called  "discon- 
tinuous mode  operation"  in  switching  regulator  parlance. 
Setting  "t"  to  the  switch  ON  time  from  the  LT1 1 1 0  speci- 
fication table  (typically  10|iS)  will  yield  Ipeak  for  a  specific 
"L"  and  Vin.  Once  Ipeak  is  known,  energy  in  the  inductor 
at  the  end  of  the  switch  ON  time  can  be  calculated  as 


(05) 


El  must  be  greaterthan  PL/foscf°rthe  converterto  deliver 
the  required  power.  For  best  efficiency  IPEAk  should  be 
kept  to  1 A  or  less.  Higher  switch  currents  will  cause 
excessive  drop  across  the  switch  resulting  in  reduced 
efficiency.  In  general,  switch  current  should  be  held  to  as 
low  a  value  as  possible  in  order  to  keep  switch,  diode  and 
inductor  losses  at  a  minimum. 

As  an  example,  suppose  1 2V  at  1 20mA  is  to  be  generated 
from  a  4.5V  to  8V  input.  Recalling  equation  (01), 

P  L=  (12V  +  0.5V  -  4.5V)(l20mA)  =  960mW.  (06) 

Energy  required  from  the  inductor  is 

(07) 


PL  _  960mW_137  j 


"osc 


70kHz 
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Picking  an  inductor  value  of  47p.H  with  0.2Q  DCR  results 
in  a  peak  switch  current  of 


'peak 


4.5  V 


1.0Q 


-1.0Q»10ns 

1-e  47^H 


=  862mA. 


Substituting  lPEAK  into  Equation  05  results  in 


0.862A)2  =17.5mJ. 


(08) 


(09) 


Since  1 7.5uJ  >  1 3.7uJ,  the  47u.H  inductor  will  work.  This 
trial-and-error  approach  can  be  used  to  select  the  opti- 
mum inductor.  Keep  in  mind  the  switch  current  maximum 
rating  of  1 .5A.  If  the  calculated  peak  current  exceeds  this, 
an  external  power  transistor  can  be  used. 

A  resistor  can  be  addeu  in  series  with  the  Ilim  Pin  to  invoke 
switch  current  limit.  The  resistor  should  be  picked  such 
that  the  calculated  IPEak  at  minimum  V|N  is  equal  to  the 
Maximum  Switch  Current  (from  Typical  Performance 
Characteristic  curves).  Then,  as  Vim  increases,  switch 
current  is  held  constant,  resulting  in  increasing  efficiency. 

Inductor  Selection  —  Step-Down  Converter 

The  step-down  case  (Figure  5)  differs  from  the  step-up  in 
that  the  inductor  current  flows  through  the  load  during 
both  the  charge  and  discharge  periods  of  the  inductor. 
Current  through  the  switch  should  be  limited  to  ~800mA 
in  this  mode.  Higher  current  can  be  obtained  by  using  an 
external  switch  (see  Figure  6).  The  Ilim  pin  is  the  key  to 
successful  operation  over  varying  inputs. 

After  establishing  output  voltage,  output  current  and  input 
voltage  range,  peakswitch  current  can  be  calculated  by  the 
formula 


'peak 


=  2l0UT 
DC 


V 


DHL 


VIN"  VSW  +  VD 


where  DC  =  duty  cycle  (0.69) 

Vsw  =  switch  drop  in  step-down  mode 
VD  =  diode  drop  (0.5V  for  a  1 N581 8) 
Iqut  =  output  current 


Vout  =  output  voltage 

Vim  =  minimum  input  voltage 

Vsw  is  actually  afunction  of  switch  current  which  is  in  turn 
a  function  of  V|N,  L,  time  and  V0ut-  To  simplify,  1 .5V  can 
be  used  for  Vsw  as  a  very  conservative  value. 

Once  I  peak  is  known,  inductor  value  can  be  derived  from 

(11) 


L  =  VlNMIN"  VSW~  VOUT  m  ^ 


'peak 

where  trjN  =  switch  ON  time  (10ns). 

Next,  the  current  limit  resistor  RUm  is  selected  to  give 
Ipeak  from  the  Rum  Step-Down  Mode  curve.  The  addition 
of  this  resistor  keeps  maximum  switch  current  constant  as 
the  input  voltage  is  increased. 

As  an  example,  suppose  5V  at  250mA  is  to  be  generated 
from  a  9Vto  18V  input.  Recalling  Equation  (10), 


'peak  = 


2  (250mA) 
0.69 


5  +  0.5 


9-1.5  +  0.5 


=  498mA. 


(12) 


Next,  inductor  value  is  calculated  using  Equation  (11) 

(13) 


-  =  9..1:5 .5»i0p.s  =  50nH. 


498mA 

Use  the  next  lowest  standard  value  (47u.H). 

Then  pick  Rum  from  the  curve.  For  I  peak  =  500mA, 
Rum  =  82Q. 

Inductor  Selection  —  Positive-to-Negative  Converter 

Figure  7  shows  hookup  for  positive-to-negative  conver- 
sion. All  of  the  output  power  must  come  from  the  inductor. 
In  this  case, 


Pl  =  (I^utI  +  Vd)('out). 


(14) 


In  this  mode  the  switch  is  arranged  in  common  collector 
or  step-down  mode.  The  switch  drop  can  be  modeled  as 
a  0.75V  source  in  series  with  a  0.65n  resistor.  When  the 


4-252 


LT1110 


nppLicnTions  inFOftmnTion 

switch  closes,  current  in  the  inductor  builds  according  to 


-R't 

1-e  l 


(15) 


where  R'  =  0.65Q  +  DCRl 
VL  =  V|N- 0.75V 

As  an  example,  suppose  -5V  at  75mA  is  to  be  generated 
from  a  4.5V  to  5.5V  input.  Recalling  Equation  (14), 

PL  =  (I-5VI+  0.5V)  (75mA)  =  41 3mW. 

Energy  required  from  the  inductor  is 
i  =  413mW 
f0SC  70kHz 

Picking  an  inductor  value  of  56nH  with  0.2£2  DCR  results 
in  a  peak  switch  current  of 

-Q.85n»10nsN 
1  _  e  56nH 


(16) 


(17) 


'PEAK  =  ■ 


(4.5V -0.75V) 


0.65n  +  0.2fi) 


=  621mA.  (18) 


Substituting  IPEAk  into  Equation  (04)  results  in 

El  =  I(56hH)(0.621A)2  =  10.8hJ.  (19) 

Since  10.8uJ  >  5.9|iJ,  the  56nH  inductor  will  work. 

With  this  relatively  small  input  range,  Rum  is  not  usually 
necessary  and  the  lUM  pin  can  be  tied  directly  to  V|N.  As  in 
the  step-down  case,  peak  switch  current  should  be  limited 
to  ~800mA. 

Capacitor  Selection 

Selecting  the  right  output  capacitor  is  almost  as  important 
as  selecting  the  right  inductor.  A  poor  choice  for  a  filter 
capacitor  can  result  in  poor  efficiency  and/or  high  output 
ripple.  Ordinary  aluminum  electrolytics,  while  inexpensive 
and  readily  available,  may  have  unacceptably  poor  Equiva- 
lent Series  Resistance  (ESR)  and  ESL  (inductance).  There 
are  low  ESR  aluminum  capacitors  on  the  market  specifi- 
cally designed  for  switch  mode  DC-DC  converters  which 
work  much  better  than  general-purpose  units.  Tantalum 


capacitors  provide  still  better  performance  at  more  ex- 
pense. We  recommend  OS-CON  capacitors  from  Sanyo 
Corporation  (San  Diego,  CA).  These  units  are  physically 
quite  small  and  have  extremely  low  ESR.  To  illustrate, 
Figures  1 , 2  and  3  show  the  output  voltage  of  an  LT1 1 1 0 
based  converter  with  three  100uF  capacitors.  The  peak 
switch  current  is  500mA  in  all  cases.  Figure  1  shows  a 
Sprague  501 D,  25V  aluminum  capacitor.  Vqut  jumps  by 
over  1 20mV  when  the  switch  turns  off,  followed  by  a  drop 
in  voltage  as  the  inductor  dumps  into  the  capacitor.  This 
works  outto  bean  ESR  of  over  240mfi.  Figure  2  shows  the 
same  circuit,  but  with  a  Sprague  1500,  20V  tantalum 
capacitor  replacing  the  aluminum  unit.  Output  jump  is 
now  about  35mV,  corresponding  to  an  ESR  of  70m£l 
Figure  3  shows  the  circuit  with  a  1 6V  OS-CON  unit.  ESR  is 
now  only  20mil 


5^s/DIV 

Figure  1 .  Aluminum 


5ns/DlV 

Figure  2.  Tantalum 


5ns/DIV 

Figure  3.  OS-CON 
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Diode  Selection 

Speed,  forward  drop,  and  leakage  current  are  the  three 
main  considerations  in  selecting  a  catch  diode  for  LT1 1 1 0 
converters.  General  purpose  rectifiers  such  as  the  1 N4001 
are  unsuitable^  use  in  any  switching  regulator  applica- 
tion. Although  they  are  rated  at  1A,  the  switching  time  of 
a  1 N4001  is  in  the  1 0u.s-50lis  range.  At  best,  efficiency  will 
be  severely  compromised  when  these  diodes  are  used;  at 
worst,  the  circuit  may  not  work  at  all.  Most  LT1 1 1 0  circuits 
will  be  well  served  by  a  1N5818  Schottky  diode,  or  its 
surface  mount  equivalent,  the  MBRS1 30T3.  The  combina- 
tion of  500mVforward  drop  at  1  Acurrent,  fast  turn  ON  and 
turn  OFF  time,  and  4u,A  to  1 0u.A  leakage  current  fit  nicely 
with  LT1110  requirements.  At  peak  switch  currents  of 
1 00mA  or  less,  a  1 N41 48  signal  diode  may  be  used.  This 
diode  has  leakage  current  in  the  1nA-5nA  range  at  25°C 
and  lower  cost  than  a  1 N581 8.  (You  can  also  use  them  to 
get  your  circuit  up  and  running,  but  beware  of  destroying 
the  diode  at  1A  switch  currents.) 

Step-Up  (Boost  Mode)  Operation 

A  step-up  DC-DC  converter  delivers  an  output  voltage 
higher  than  the  input  voltage.  Step-up  converters  are  not 
short  circuit  protected  since  there  is  a  DC  path  from  input 
to  output. 

The  usual  step-up  configuration  for  the  LT1 1 1 0  is  shown 
in  Figure  4.  The  LT1 1 1 0  first  pulls  SW1  low  causing  V|m  - 
Vcesat  to  appear  across  L1 .  A  current  then  builds  up  in  L1 . 
At  the  end  of  the  switch  ON  time  the  current  in  L1  is1: 

Vim 

lpEAK=ft0N  (20) 


=  OPTIONAL 


Immediately  after  switch  turn  off,  the  SW1  voltage  pin 
starts  to  rise  because  current  cannot  instantaneously  stop 
flowing  in  L1.  When  the  voltage  reaches  Vout  +  Vd,  the 
inductor  current  flows  through  D1  into  C1,  increasing 
Vout-  This  action  is  repeated  as  needed  by  the  LT1 1 10  to 
keep  Vfb  at  the  internal  reference  voltage  of  220mV.  R1 
and  R2  set  the  output  voltage  according  to  the  formula 


Vout  = 


1  + 


R2 
R1 


(21) 


Step-Down  (Buck  Mode)  Operation 


A  step-down  DC-DC  converter  converts  a  higher  voltage  to 
a  lower  voltage.  The  usual  hookup  for  an  LT1110  based 
step-down  converter  is  shown  in  Figure  5. 


LT1I10-TA15 


Figure  5.  Step-Down  Mode  Hookup 

When  the  switch  turns  on,  SW2  pulls  up  to  V|N  -  Vsw.  This 
puts  a  voltage  across  L1  equal  to  V|N  -  Vsw  -  V0ut, 
causing  a  current  to  build  up  in  L1.  At  the  end  of  the  switch 
ON  time,  the  current  in  L1  is  equal  to 


lpEAK=V'N"VSf"V°UT 


(22) 


LTU10-TA14 


Figure  4.  Step-Up  Mode  Hookup. 


When  the  switch  turns  off,  the  SW2  pin  falls  rapidly  and 
actually  goes  below  ground.  D1  turns  on  when  SW2 
reaches  0.4V  below  ground.  D1  MUST  BE  A  SCHOTTKY 
DIODE.  The  voltage  at  SW2  must  never  be  allowed  to  go 
below-0.5V.  Asilicon  diode  such  as  the  1 N4933  will  allow 
SW2  to  go  to  -0.8V,  causing  potentially  destructive  power 

Note  1:  This  simple  expression  neglects  the  effects  of  switch  and  coil 
resistance.  This  is  taken  into  account  in  the  "Inductor  Selection"  section. 
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dissipation  inside  the  LT1110.  Output  voltage  is  deter- 
mined by 


Vout 


=  [l  +  f](220mV). 


(23) 


R3  programs  switch  current  limit.  This  is  especially  im- 
portant in  applications  where  the  input  varies  over  a  wide 
range.  Without  R3,  the  switch  stays  on  for  a  fixed  time 
each  cycle.  Under  certain  conditions  the  current  in  L1  can 
build  up  to  excessive  levels,  exceeding  the  switch  rating 
and/or  saturating  the  inductor.  The  220Q  resistor  pro- 
grams the  switch  to  turn  off  when  the  current  reaches 
approximately  800mA.  When  using  the  LT1110  in  step- 
down  mode,  output  voltage  should  be  limited  to  6.2V  or 
less.  Higher  output  voltages  can  be  accommodated  by 
inserting  a  1N5818  diode  in  series  with  the  SW2  pin 
(anode  connected  to  SW2). 

Higher  Current  Step-Down  Operation 

Output  current  can  be  increased  by  using  a  discrete  PNP 
pass  transistor  as  shown  in  Figure  6.  R1  serves  as  a 
current  limit  sense.  When  the  voltage  drop  across  R1 
equals  a  Vbe,  the  switch  turns  off.  For  temperature  com- 
pensation a  Schottky  diode  can  be  inserted  in  series  with 
the  Ium  pin.  This  also  lowers  the  maximum  drop  across  R1 
to  Vbe  -  Vd,  increasing  efficiency.  As  shown,  switch 
current  is  limited  to  2A.  Inductor  value  can  be  calculated 
based  on  formulas  in  the  "Inductor  Selection  Step-Down 


Q1 

MJE210  0R 
ZETEX  ZTX789A  L1 


VOUT  =  220mv(l+|) 

LT1 1 10  -  TA16 


Figure  6.  Q1  Permits  Higher-Current  Switching. 
LT1110  Functions  as  Controller. 


Converter"  section  with  the  following  conservative  ex- 
pression for  Vsw: 

VSw  =  VR1  +  VSAT=0.9V.  (24) 

R2  provides  a  current  path  to  turn  off  Q1 .  R3  provides  base 
drive  to  Q1 .  R4  and  R5  set  output  voltage. 

Inverting  Configurations 

The  LT1110  can  be  configured  as  a  positive-to-negative 
converter  (Figure  7),  or  a  negative-to-positive  converter 
(Figure  8).  In  Figure  7,  the  arrangement  is  very  similar  to 
a  step-down,  except  that  the  high  side  of  the  feedback  is 
referred  to  ground.  This  level  shifts  the  output  negative.  As 
in  the  step-down  mode,  D1  must  be  a  Schottky  diode, 
and  I  Vout  I  should  be  less  than  6.2V.  More  negative  output 
voltages  can  be  accommodated  as  in  the  prior  section. 

*VIN 


»UM       VtN  SWt 
FB 


XT 

^  1N5818  Z^C 


1 


LT1I10-TM3 

Figure  7.  Positive-to-Negative  Converter 

In  Figure  8,  the  input  is  negative  while  the  output  is 
positive.  In  this  conf  iguration,  the  magnitude  of  the  input 
voltage  can  be  higher  or  lower  than  the  output  voltage.  A 
level  shift,  provided  by  the  PNP  transistor,  supplies  proper 
polarity  feedback  information  to  the  regulator. 

D1 

-^f— T  1  +VOUT 


Vout  =  (^)220mV  +  0.6V 


LT11IG-TA04 


Figure  8.  Negative-to-Positive  Converter 
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Using  the  IUm  Pin 

The  LT1 1 1 0  switch  can  be  programmed  to  turn  off  at  a  set 
switch  current,  a  feature  not  found  on  competing  devices. 
This  enables  the  input  to  vary  over  a  wide  range  without 
exceeding  the  maximum  switch  rating  or  saturating  the 
inductor.  Consider  the  case  where  analysis  shows  the 
LT1110  must  operate  at  an  800mA  peak  switch  current 
with  a  2.0V  input.  If  V|N  rises  to  4V,  peak  current  will  rise 
to  1.6A,  exceeding  the  maximum  switch  current  rating. 
With  the  proper  resistor  selected  (see  the  "Maximum 
Switch  Current  vs  Rum"  characteristic),  the  switch  current 
will  be  limited  to  800mA,  even  if  the  input  voltage 
increases. 

Another  situation  where  the  Ilim  feature  is  useful  occurs 
when  the  device  goes  into  continuous  mode  operation. 
This  occurs  in  step-up  mode  when 


(25) 


VOUT  +  VDIODE  1 


V|N-Vsw  1-DC 


When  the  input  and  output  voltages  satisfy  this  relation- 
ship, inductor  current  does  not  go  to  zero  during  the 
switch  OFF  time.  When  the  switch  turns  on  again,  the 
current  ramp  starts  from  the  non-zero  current  level  in  the 
inductor  just  prior  to  switch  turn  on.  As  shown  in  Figure  9, 
the  inductor  current  increases  to  a  high  level  before  the 
comparator  turns  off  the  oscillator.  This  high  current  can 
cause  excessive  output  ripple  and  requires  oversizing  the 
output  capacitor  and  inductor.  With  the  Ilim  feature, 
however,  the  switch  current  turns  off  at  a  programmed 
level  as  shown  in  Figure  10,  keeping  output  ripple  to  a 
minimum. 

Figure  11  details  current  limit  circuitry.  Sense  transistor 
Q1,  whose  base  and  emitter  are  paralleled  with  power 
switch  Q2,  is  ratioed  such  that  approximately  0.5%  of  Q2's 
collector  current  flows  in  0.1 's  collector.  This  current  is 
passed  through  internal  80Q  resistor  R1  and  out  through 
the  Ilim  pin.  The  value  of  the  external  resistor  connected 
between  IUm  and  Vin  set  the  current  limit.  When  sufficient 
switch  current  flows  to  develop  a  Vbe  across  R1  +  Rum.  Q3 
turns  on  and  injects  current  into  the  oscillator,  turning  off 
the  switch.  Delay  through  this  circuitry  is  approximately 
800ns.  The  current  trip  point  becomes  less  accurate  for 


switch  ON  times  less  than  3u.s.  Resistor  values  program- 
ming switch  ON  time  for  800ns  or  less  will  cause  spurious 
response  in  the  switch  circuitry  although  the  device  will 
still  maintain  output  regulation. 


U      U  L 


Figure  9.  No  Current  Limit  Causes  Large  Inductor 
Current  Build-lip 


PROGRAMMED  CURRENT  LIMIT 


U  LTLTLTL 


Figure  10.  Current  Limit  Keeps  Inductor  Current  Under  Control 


"um  , ,  Ilim 


(EXTERNAL) 
Vin  -*  WV  


OSCILLATOR 


DRIVER  7 


R1 
80ii 

(INTERNAL) 
SW1 

0.2 


■  SW2 

IO-TA17 


Figure  11.  LT1110  Current  Limit  Circuitry 

Using  the  Gain  Block 

The  gain  block  (GB)  on  the  LT1 1 1 0  can  be  used  as  an  error 
amplifier,  low  battery  detector  or  linear  post  regulator.  The 
gain  block  itself  is  a  very  simple  PNP  input  op  amp  with  an 
open  collector  NPN  output.  The  negative  input  of  the  gain 
block  is  tied  internally  to  the  220mV  reference.  The  posi- 
tive input  comes  out  on  the  SET  pin. 
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nppLicnnons  inFORmnnon 

Arrangement  of  the  gain  block  as  a  low  battery  detector  is 
straightforward.  Figure  1 2  shows  hookup.  R1  and  R2  need 
only  be  low  enough  in  value  so  that  the  bias  current  of  the 
SET  input  does  not  cause  large  errors.  33kQ  for  R2  is 
adequate.  R3  can  be  added  to  introduce  a  small  amount  of 
hysteresis.  This  will  cause  the  gain  block  to  "snap"  when 
the  trip  point  is  reached.  Values  in  the  1 M-1 OM  range  are 
optimal.  The  addition  of  R3  will  change  the  trip  point, 
however. 


R2  =  33kS2 
R3  =  2MQ 

ITIItO-T 

Figure  12.  Setting  Low  Battery  Detector  Trip  Point 


Table  1.  Inductor  Manufacturers 

MANUFACTURER  PART  NUMBERS 


Coiltronics  International 
984  S.W.  13th  Court 
Pompano  Beach,  FL  33069 
305-781-8900 

CTX100-4  Series 
Surface  Mount 

Toko  America  Incorporated 
1250  Feehanville  Drive 
Mount  Prospect,  IL  60056 
312-297-0070 

Type  8RBS 

Sumida  Electric  Co.  USA 
708-956-0666 

CD54 
CDR74 
CDR105 
Surface  Mount 

Output  ripple  of  the  LT1 1 1 0,  normally  90mV  at  5V0ut  can 
be  reduced  significantly  by  placing  the  gain  block  in  front 
of  the  FB  input  as  shown  in  Figure  13.  This  effectively 
reduces  the  comparator  hysteresis  by  the  gain  of  the  gain 
block.  Output  ripple  can  be  reduced  to  just  a  few  millivolts 
using  this  technique.  Ripple  reduction  works  with  step- 
down  or  inverting  modes  as  well.  For  this  technique  to  be 
effective,  output  capacitor  C1  must  be  large,  so  that  each 
switching  cycle  increases  V0ut  by  only  a  few  millivolts. 
1000u.F  is  a  good  starting  value. 


L1  D1 


Figure  13.  Output  Ripple  Reduction  Using  Gain  Block 
Table  2.  Capacitor  Manufacturers 

MANUFACTURER  PART  NUMBERS 


Sanyo  Video  Components 

OS-CON  Series 

1201  Sanyo  Avenue 

San  Diego,  CA  92073 

619-661-6322 

Nichicon  America  Corporation 

PL  Series 

927  East  State  Parkway 

Schaumberg,  IL  60173 

708-843-7500 

Sprague  Electric  Company 

150D  Solid  Tantalums 

Lower  Main  Street 

550D  Tantalex 

Sanford,  ME  04073 

207-324-4140 

Matsuo 

267  Series 

714-969-2491 

Surface  Mount 

Table  3.  Transistor  Manufacturers 

MANUFACTURER 

PART  NUMBERS 

Zetex 

ZTX  Series 

Commack,  NY 

FZT  Series 

516-543-7100 

Surface  Mount 
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TVPICflL  flPPLKflTIOnS 


All  Surface  Mount 
Flash  Memory  VPP  Generator 


LI* 
47nH 


+5V 
±10%  1 


22,iF 


1  =  PROGRAM  _(|— 
0  =  SHUTDOWN     '  t~~h 


•llM  uiN 

SW1 

LT1110CS8-12 

SENSE 
GNO  SW2 


12V 
120MA 


47nF 
20V 


•L1=SUMIDA  CD105-470M 


1.5V  Powered  Laser  Diode  Driver 


TOSHIBA 
TOLD-_9211 


*  ADJUST  R1  FOR  CHANGE  IN  LASER  OUTPUT  POWER 

*  TOKO  262LYF-0076M 

•  LASER  DIODE  CASE  COMMON  TO  +BATTERY  TERMINAL 
.  170mA  CURRENT  DRAIN  FROM  1 ,5V  CELL  (50mA  DIODE) 

•  NO  OVERSHOOT 
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All  Surface  Mount 
3V  to  SV  Step-Up  Converter 


All  Surface  Mount 
9V  to  5V  Step-Down  Converter 


LI" 
47MH 


SW1 


3V 
2x 

AA  CELL  | 





SENSE 
GND  SW2 


•L1  =  COILCRAFT  1812LS-473 


5V 
—  40mA 

Wftf 


km  vm 

SW1 

LT1 110-5 

SENSE 
GND  SW2 


SW2  L1" 

40mA 

^?MBRL120        jj-  ,0mF 


■L1  =  COILCRAFT  1812LS-473 


LTI11O-TA10 


All  Surface  Mount 
1.5V  to  +10V,  +5V  Dual  Output  Step-Up  Converter 


All  Surface  Mount 
1.5V  to  ±5V  Dual  Output  Step-Up  Converter 


1.5V 
.  AA  OR 
AAA 

CELL    |    GND  SW2 


-»jp-  =  MBRL120 

*L1  =  COILCRAFT  181 2LS-823 


L1" 
82(iH 


1.5V 
AA  OR 
T  AAA 
CELL 


<UM  VIN 

SW1 


SENSE 
GND  SW2 


-(►f-  =  MBRL120 

•L1  =  COILCRAFT  1812LS-823 


4.7|iF 


 +5V 

  /ImA 


7MF 
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TECHNOLOGY 


Micropower 
DC-to-DC  Converter 
Adjustable  and  Fixed  5V,  12V 


FCHTUfteS 

■  Operates  at  Supply  Voltages  from  2.0V  to  30V 

■  72kHz  Oscillator 

■  Works  with  Surface-Mount  Inductors 

■  Only  Three  External  Components  Required 

■  Step-Up  or  Step-Down  Mode 

■  Low-Battery  Detector  Comparator  On-Chip 

■  User  Adjustable  Current  Limit 

■  Internal  1A  Power  Switch 

■  Fixed  or  Adjustable  Output  Voltage  Versions 

■  Space-Saving  8-Pin  MiniDIP  or  S8  Package 

nppucmions 

■  3V  to  5V,  5V  to  1 2V  Converters 

■  9V  to  5V,  12V  to  5V  Converters 

■  Remote  Controls 

■  Peripherals  and  Add-On  Cards 

■  Battery  Backup  Supplies 

■  Uninterruptible  Supplies 

■  Laptop  and  Palmtop  Computers 

■  Cellular  Telephones 

■  Portable  Instruments 

■  Flash  Memory  Vpp  Generators 


DCSCRIPTIOn 

The  LT1111  is  a  versatile  micropower  DC-to-DC  con- 
verter. The  device  requires  only  three  external  compo- 
nents to  deliver  a  fixed  output  of  5V  or  1 2V.  Supply  voltage 
ranges  from  2.0V  to  12V  in  step-up  mode  and  to  30V  in 
step-down  mode.  The  LT1111  functions  equally  well  in 
step-up,  step-down,  or  inverting  applications. 

The  LT1111  oscillator  is  set  at  72kHz,  optimizing  the 
device  to  work  with  off-the-shelf  surface  mount  inductors. 
The  device  can  deliver  5V  at  100mA  from  a  3V  input  in 
step-up  mode  or  5V  at  200mA  from  a  1 2V  input  in  step- 
down  mode. 

Switch  current  limit  can  be  programmed  with  a  single 
resistor.  An  auxiliary  open-collector  Gain  Block  can  be 
configured  as  a  low-battery  detector,  linear  post-regula- 
tor, undervoltage  lock-out  circuit,  or  error  amplifier. 

For  input  sources  of  less  than  2V  use  the  LT1110. 


TVPicni  nppucmion 

All  Surface-Mount  3V  to  5V  Step-Up  Converter 
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SUMIDA 
CD54-220M 
22pH 


SW1 
IT1111CS8-5 


i  33MF 
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Typical  Load  Regulation 


V  * 

2V 

t  N 

2.2 

2.1 

2.6 

< 

28 

3V 

0    25     50    75    100  125    150  175  200 
LOAD  CURRENT  (mA) 
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mm 


absolute  mnximum  rrtihgs 


Supply  Voltage  (V,N)  36V 

SW1  Pin  Voltage  (Vsw1)  50V 

SW2  Pin  Voltage  (Vsw2)  -0.5V  to  V,N 

Feedback  Pin  Voltage  (LT1 111)  5.5V 

Switch  Current  1.5A 

Maximum  Power  Dissipation  500mW 

Operating  Temperature  Range 

LT1111C  0°Cto  70°C 

LT1111M  -55°Cto125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PACKAGC/OAD€R  IflFORmflTIOn 


lim  LT 

V|N  LI 
swi  \J 
SW2  LT 

J8  PACKA 
LEAD  CERAt 

"FIXED  VEF 

TOP  VIEW 

GE  N8 
UK  DIP  8-LEAD 

SION 

T|  FB  (SENSE)* 
T|  SET 
T\  AO 
J]  GND 

PLASTIC  DIP 

LT1111  -POBt 

ORDER  PART 

nil  i n  * n t~ ri 

NUMBER 

L  I  I  I  I  I  UNO 

LT1111CN8-5 
LT1111CN8-12 
LT1111MJ8 
LT1 1 1 1 MJ8-5 
LT1111MJ8-12 

TOP  VIEW 

■lim  LLjj 

SW1  I  3  B 
SW2  ITB 

S8  PACKAGE 
8-LEAD  PLASTIC  SO 

•FIXED  VERSION 

J]  FB  (SENSE)" 
7]  SET 
6]  AO 
T]  GND 

C 

-Tim -pom 

LT1111CS8 
LT1111CS8-5 
LT1 1 1 1 CS8-1 2 

S8  PART  MARKING 

1111 

11105 

11112 

€l€CTAICAl  CHARACTERISTICS  V|N  =  3V,  Military  or  Commercial  Version 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

lo 

Quiescent  Current 

Switch  Off 

300 

400 

HA 

VlN 

Input  Voltage 

Step-Up  Mode 

2.0 

12.6 

V 

Step-Down  Mode 

30 

Comparator  Trip  Point  Voltage 

LT1111  (Note  1) 

1.20 

1.25 

1.30 

V 

VoUT 

Output  Sense  Voltage 

LT1111-5  (Note  2) 

4.75 

5.00 

5.25 

V 

LT1111-12  (Note  2) 

11.4 

12.00 

12.6 

Comparator  Hysteresis 

LT1111 

8  12.5 

mV 

Output  Hysteresis 

LT1111-5 

32 

50 

mV 

LT1111-12 

75 

120 

'osc 

Oscillator  Frequency 

54 

72 

88 

kHz 

DC 

Duty  Cycle 

Full  Load 

43 

50 

59 

% 

'on 

Switch  On  Time 

Ium  Tied  to  V|N 

5 

7 

9 

p.S 

VSAT 

SW  Sat  Voltage,  Step-Up  Mode 

Vin  =  3.0V,  lSw  =  650mA 

0.5 

0.65 

V 

V|N  =  5.0V,  lsw  =  1A 

0.8 

1.0 

SW  Sat  Voltage,  Step-Down  Mode 

V|N  =  12V,  lsw  =  650mA 

1.1 

1.5 

Ifb 

Feedback  Pin  Bias  Current 

LT1111,V,b  =  0V 

70 

120 

nA 

'set 

Set  Pin  Bias  Current 

VsET  =  %F 

70 

300 

nA 

Vol 

Gain  Block  Output  Low 

lS|NK  =  300uA,VSET=  100V 

0.15 

0.4 

V 

Reference  Line  Regulation 

5V<V|N<30V 

0.02 

0.075 

%/V 

Av 

Gain  Block  Gain 

RL  =  100k£2(Note  3) 

1000 

6000 

V/V 

'lim 

Current  Limit 

220£2from  luivito  V|N 

400 

mA 

Current  Limit  Temperature  Coefficient 

• 

-0.3 

%/°C 

Switch  Off  Leakage  Current 

Measured  at  SW1  Pin,  VSW1  =  12V 

1 

10 

uA 

Maximum  Excursion  Below  GND 

lSw1s10uA,  Switch  Off 

-400 

-350 

mV 
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€l€CTRICRl  CHRRRCTCRISTICS  V,N  =  3V,  -55°C  < TA <  125=C  unless  otherwise  noted 


M  IVlDUL 

PARAMETER 

CONDITIONS 

MIN 

LT1111M 
TYP 

MAX 

UNI  1  O 

In 

Qui6sc6nt  Current 

Switch  Off 

• 

300 

450 

uA 

W 

Oscillator  Frequency 

• 

45 

72 

100 

kHz 

DC 

Duty  Cycle 

Full  Load 

• 

40 

50 

62 

% 

ton 

Switch  On  Time 

Ilim  Tied  to  V,N 

• 

5 

7 

11 

US 

Reference  Line  Regulation 

2.0V<V|N<5V 

0"C<TA<125°C 

0.2 

0.4 

%/v 

TA  =  -55°C 

0.8 

VSAT 

SW  Sat  Voltage,  Step-Up  Mode 

0°C<TA<125°C,  lSw  =  500mA 
TA  =  -55°C,  lSw  =  400mA 

0.5 

0.65 

V 

SW  Sat  Voltage,  Step-Down  Mode 

V|N  =  12V, 

0°C<TA<125°C 

1.5 

Isw  =  500mA 

TA  =  -55°C 

2.0 

€l€CTRICRl  CHRRRCTCRISTICS  VIN  =  aw,  0  C  <  TA  <  70  C  unless  otherwise  noted. 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1111C 
TYP 

MAX 

UNITS 

Iq 

Quiescent  Current 

Switch  Off 

300 

400 

|iA 

fosc 

Oscillator  Frequency 

54 

72 

95 

kHz 

DC 

Duty  Cycle 

Full  Load 

43 

50 

59 

% 

ton 

Switch  On  Time 

lUM  :Tied  to  Vim 

5 

7 

9 

MS 

Reference  Line  Regulation 

2.0V  <  V|N  <  5V 

0.2 

0.4 

%/V 

VSAT 

SW  Sat  Voltage,  Step-Up  Mode 

Vin  =  3V,  lSw  =  650mA 

0.5 

0.65 

V 

SW  Sat  Voltage,  Step-Down  Mode 

VIN  =  12V,  lSw  =  650mA 

1.1 

1.5 

The  •  denotes  specifications  which  apply  over  the  operating  temperature  Note  2:  The  output  voltage  waveform  will  exhibit  a  sawtooth  shape  due  to 

range.  the  comparator  hysteresis.  The  output  voltage  on  the  fixed-output 

Note  1 :  This  specification  guarantees  that  both  the  high  and  low  trip  versions  will  always  be  within  the  specified  range, 

points  of  the  comparator  fall  within  the  1 .20V  to  1 .30V  range.  Note  3: 1 0OkQ  resistor  connected  between  a  5V  source  and  the  AO  pin. 


TVPICRL  P€RFORflT1RnC€  CHRRRCTCRISTICS 


Oscillator  Frequency 


-50   -25     0      25     50     75     100  125 
TEMPERATURE  (°C) 


Oscillator  Frequency 


0    3     6     9    12   15   18  21   24  27  30 
INPUT  VOLTAGE  (V) 


Switch  On  Time 


-50    -25      0      25     50     75     100  125 
TEMPERATURE  CO 
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Duty  Cycle 


0  25  50  75 
TEMPERATURE  (°C) 


1  0 

0.9 

0.8 

0.7 

0.6 

<c 

0  5 

> 

0.4 

0.3 

0.2 

0.1 

0 

Saturation  Voltage 
Step-Up  Mode 


—  VIN  =  3V 
lsw  -  65 

0mA 

50   -25      0      25     50     75     100  125 
TEMPERATURE  (MS) 


1.4 

12 

1.0 

> 

0.8 

06 

> 

0  4 

0.2 

0 

Saturation  Voltage 
Step-Up  Mode 


■ 

,  =  3. 

)V 

'|N  = 

ov  ; 

V|„  = 

5.0V 

0.2    0.4    0.6    0.8  1.0 
'switch  (A) 


XTUESI 
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Set  Pin  Bias  Current 


FB  Bias  Current 


100 

90 
80 
|  70 
£  60 
£  50 

1  40 

CD  30 

20 
10 


100 
90 
80 

I  70 
g  60 

I  50 

1  40 
£  30 

20 

10 


-50    -25     0      25     50     75     100  125 
TEMPERATURE  (°C) 


LTM11  -TPCI3 


0  25  50  75  100  125 
TEMPERATURE  (°C) 


LT1111  -TPC14 


pin  Funcnons 

'lim  (Pi"  1 ):  Connect  this  pin  to  V|N  for  normal  use.  Where 

lower  current  limit  is  desired,  connect  a  resistor  between 

ILim  and  V|N.  A  220Q  resistor  will  limit  the  switch  current 

to  approximately  400mA. 

V|N  (Pin  2):  Input  supply  voltage. 

SW1  (Pin  3):  Collector  of  power  transistor.  For  step-up 

mode  connect  to  inductor/diode.  For  step-down  mode 

connect  to  V|N. 

SW2  (Pin  4):  Emitter  of  power  transistor.  For  step-up 
mode  connect  to  ground.  For  step-down  mode  connect  to 
inductor/diode.  This  pin  must  never  be  allowed  to  go  more 
than  a  Schottky  diode  drop  below  ground. 


GND  (Pin  5):  Ground. 

AO  (Pin  6):  Auxiliary  Gain  Block  (GB)  output.  Open  collector, 
can  sink  300uA 

SET  (Pin  7):  GB  input.  GB  is  an  op  amp  with  positive  input 
connected  to  SET  pin  and  negative  input  connected  to 
1 .25V  reference. 

FB/SENSE  (Pin  8):  On  the  LT1111  (adjustable)  this  pin 
goes  to  the  comparator  input.  On  the  LT1111-5  and 
LT1 1 1 1  -1 2,  this  pin  goes  to  the  internal  application  resistor 
that  sets  output  voltage. 
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ITllll  OP€RRTIOn 

The  LT1111  is  a  gated  oscillator  switcher.  This  type 
architecture  has  very  low  supply  current  because  the 
switch  is  cycled  when  the  feedback  pin  voltage  drops 
below  the  reference  voltage.  Circuit  operation  can  best  be 
understood  by  referring  to  the  LT1111  block  diagram. 
Comparator  A1  compares  the  feedback  (FB)  pin  voltage 
with  the  1.25V  reference  signal.  When  FB  drops  below 
1.25V,  A1  switches  on  the  72kHz  oscillator.  The  driver 
amplifier  boosts  the  signal  level  to  drive  the  output  NPN 
power  switch.  The  switch  cycling  action  raises  the  output 
voltage  and  FB  pin  voltage.  When  the  FB  voltage  is  suffi- 
cient to  trip  A1 ,  the  oscillator  is  gated  off.  A  small  amount 
of  hysteresis  built  into  A1  ensures  loop  stability  without 
external  frequency  compensation.  When  the  comparator 
output  is  low,  the  oscillator  and  all  high-current  circuitry  is 
turned  off,  lowering  device  quiescent  current  to  just  300pA 

The  oscillator  is  set  internally  for  7u.s  ON  time  and  7jj.s  OFF 
time,  optimizing  the  device  for  circuits  where  Vout  and  Vin 
differ  by  roughly  a  factor  of  2.  Examples  include  a  3V  to  5V 
step-up  converter  or  a  9V  to  5V  step-down  converter. 


Gain  block  A2  can  serve  as  a  low-battery  detector.  The 
negative  input  of  A2  is  the  1.25V  reference.  A  resistor 
divider  from  Vin  to  GND,  with  the  mid-point  connected  to 
the  SET  pin  provides  the  trip  voltage  in  a  low-battery 
detector  application.  AO  can  sink  300u.A  (use  a  22k 
resistor  pull-up  to  +5V). 

A  resistor  connected  between  the  Ilim  Pin  and  Vin  sets 
maximum  switch  current.  When  the  switch  current  ex- 
ceeds the  set  value,  the  switch  cycle  is  prematurely 
terminated.  If  current  limit  is  not  used,  Ilim  should  be  tied 
directly  to  Vin- Propagation  delay  through  the  current-limit 
circuitry  is  approximately  1  jxs. 

In  step-up  mode  the  switch  emitter  (SW2)  is  connected  to 
ground  and  the  switch  collector  (SW1)  drives  the  induc- 
tor; in  step-down  mode  the  collector  is  connected  to  V|N 
and  the  emitter  drives  the  inductor. 

The  LT1 1 1 1  -5  and  LT1 1 1 1  -1 2  are  functionally  identical  to 
the  LT1 1 1 1 .  The  -5  and  -1 2  versions  have  on-chip  voltage 
setting  resistors  for  fixed  5V  or  1 2V  outputs.  Pin  8  on  the 
fixed  versions  should  be  connected  to  the  output.  No 
external  resistors  are  needed. 
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Inductor  Selection  —  General 

A  DC-DC  converter  operates  by  storing  energy  as  mag- 
netic flux  in  an  inductor  core,  and  then  switching  this 
energy  into  the  load.  Since  it  is  flux,  not  charge,  that  is 
stored,  the  output  voltage  can  be  higher,  lower,  or  opposite 
in  polarity  to  the  input  voltage  by  choosing  an  appropriate 
switching  topology.  To  operate  as  an  efficient  energy 
transfer  element,  the  inductor  must  fulfill  three  require- 
ments. First,  the  inductance  must  be  low  enough  for  the 
inductor  to  store  adequate  energy  under  the  worst  case 
condition  of  minimum  input  voltage  and  switch  ON  time. 
The  inductance  must  also  be  high  enough  so  maximum 
current  ratings  of  the  LT1111  and  inductor  are  not  ex- 
ceeded at  the  other  worst  case  condition  of  maximum 
input  voltage  and  ON  time.  Additionally,  the  inductor  core 
must  be  able  to  store  the  required  flux;  i.e.,  it  must  not 
saturate.  At  power  levels  generally  encountered  with 
LT1111  based  designs,  small  surface-mount  ferrite  core 


units  with  saturation  current  ratings  in  the  300mA  to  1A 
range  and  DCR  less  than  0.4Q  (depending  on  application) 
are  adequate.  Lastly,  the  inductor  must  have  sufficiently 
low  DC  resistance  so  excessive  power  is  not  lost  as  heat 
in  the  windings.  An  additional  consideration  is  Electro- 
Magnetic  Interference  (EMI).  Toroid  and  pot  core  type 
inductors  are  recommended  in  applications  where  EMI 
must  be  kept  to  a  minimum;  for  example,  where  there  are 
sensitive  analog  circuitry  ortransducers  nearby.  Rod  core 
types  are  a  less  expensive  choice  where  EMI  is  not  a 
problem.  Minimum  and  maximum  input  voltage,  output 
voltage  and  output  current  must  be  established  before  an 
inductor  can  be  selected. 

Inductor  Selection  —  Step-Up  Converter 

In  a  step-up,  or  boost  converter  (Figure  4),  power  gener- 
ated by  the  inductor  makes  up  the  difference  between 
input  and  output.  Power  required  from  the  inductor  is 
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determined  by 
Pl=(Vout  +Vd-V|Nmin)(Iout) 


(01) 


where  VD  is  the  diode  drop  (0.5V  for  a  1 N581 8  Schottky). 
Energy  required  by  the  inductor  per  cycle  must  be  equal  or 
greater  than 

PL/fosc  (02) 
in  order  for  the  converter  to  regulate  the  output. 

When  the  switch  is  closed,  current  in  the  inductor  builds 
according  to 


Ut)4N 


-R't 

1-e  l 


where  R'  is  the  sum  of  the  switch  equivalent  resistance 
(Q.8Q.  typical  at  25°C)  and  the  inductor  DC  resistance. 
When  the  drop  across  the  switch  is  small  compared  to  \% 
the  simple  lossless  equation 


V|N 


(04) 


can  be  used.  These  equations  assume  that  at  t  =  0, 
inductor  current  is  zero.  This  situation  is  called  "discon- 
tinuous mode  operation"  in  switching  regulator  parlance. 
Setting  "t"  to  the  switch  ON  time  from  the  LT1 1 1 1  speci- 
fication table  (typically  7fis)  will  yield  Ipeak  for  a  specific 
"L"  and  Vin-  Once  Ipeak  is  known,  energy  in  the  inductor 
at  the  end  of  the  switch  ON  time  can  be  calculated  as 


Ilia 


2 


PEAK 


Etmustbe  greaterthan  PL/foscf°rtrieconvertertodeliver 
the  required  power.  For  best  efficiency  Ipeak  should  be 
kept  to  1 A  or  less.  Higher  switch  currents  will  cause 
excessive  drop  across  the  switch  resulting  in  reduced 
efficiency.  In  general,  switch  current  should  be  held  to  as 
low  a  value  as  possible  in  order  to  keep  switch,  diode  and 
inductor  losses  at  a  minimum. 

As  an  example,  suppose  12V  at  60mA  is  to  be  generated 
from  a  4.5V  to  8V  input.  Recalling  equation  (01 ), 


PL  =  (1 2V  +  0.5V  -  4. 5  V)  (60mA)  =  480mW.  (06) 
Energy  required  from  the  inductor  is 


i  =  480mW  =  6  ?  j 
f0SC    72kHz  H 


(07) 


Picking  an  inductor  value  of  47|iH  with  0.2Q  DCR  results 
in  a  peak  switch  current  of 


4.5V 


'peak  : 


i.on 


-1.0fl«7ns 

1-e  47^H 


=  623mA. 


(03)    Substituting  Ipeak  into  Equation  04  results  in 


E|_  =  t}(47hH)  (0.623A)2  =  9.1uJ 


(08) 


(09) 


Since  9.1u.J  >  6.7pJ,  the  47|j.H  inductor  will  work.  This 
trial-and-error  approach  can  be  used  to  select  the  opti- 
mum inductor.  Keep  in  mind  the  switch  current  maximum 
rating  of  1 .5A.  If  the  calculated  peak  current  exceeds  this, 
consider  using  the  LT1110.  The  70%  duty  cycle  of  the 
LT1 1 1 0  allows  more  energy  per  cycle  to  be  stored  in  the 
inductor,  resulting  in  more  output  power. 

A  resistor  can  be  added  in  series  with  the  Ilim  Pin  to  invoke 
switch  current  limit.  The  resistor  should  be  picked  so  the 
calculated  Ipeak  at  minimum  Vim  is  equal  to  the  Maximum 
Switch  Current  (from  Typical  Performance  Characteristic 
curves).  Then,  as  Vim  increases,  switch  current  is  held 
constant,  resulting  in  increasing  efficiency. 


(05)    inductor  Selection  —  Step-Down  Converter 


The  step-down  case  (Figure  5)  differs  from  the  step-up  in 
that  the  inductor  current  flows  through  the  load  during 
both  the  charge  and  discharge  periods  of  the  inductor. 
Current  through  the  switch  should  be  limited  to  ~650mA 
in  this  mode.  Higher  current  can  be  obtained  by  using  an 
external  switch  (see  Figure  6).  The  Ilim  pin  is  the  key  to 
successful  operation  over  varying  inputs. 

After  establishing  output  voltage,  output  current  and  input 
voltage  range,  peak  switch  current  can  be  calculated  by  the 
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formula 


'peak 


=  2J0UT 
DC 


Vqut  +  Vp 


Vin-Vsw  +  Vd. 


(10) 


where  DC  =  duty  cycle  (0.50) 

Vsw  =  switch  drop  in  step-down  mode 

VD  =  diode  drop  (0.5V  for  a  1N5818) 

'out  =  output  current 

Vout  =  output  voltage 

Vin  =  minimum  input  voltage 

VSw  is  actually  a  function  of  switch  current  which  is  in  turn 
a  function  of  Vin,  L,  time,  and  Vqut-  To  simplify,  1 ,5V  can 
be  used  for  Vgw  as  a  very  conservative  value. 

Once  Ipeak  is  known,  inductor  value  can  be  derived  from 

L=MNMIN-Vsw-V0UT.toN 

'peak 

where  trjN  =  switch  ON  time  (7u,s). 

Next,  the  current  limit  resistor  Rum  is  selected  to  give  Ipeak 
from  the  Rum  Step-Down  Mode  curve.  The  addition  of  this 
resistor  keeps  maximum  switch  current  constant  as  the 
input  voltage  is  increased. 

As  an  example,  suppose  5V  at  300mA  is  to  be  generated 
from  a  1 2V  to  24V  input.  Recalling  Equation  (10), 


'peak  = 


2(300mA) 
0.50 


5  +  0.5 


=  600mA 


12-1.5  +  0.5 
Next,  inductor  value  is  calculated  using  Equation  (11) 


(12) 


L  = 


12-1.5-5 


7|!S  =  64)j,H. 


(13) 


600mA 

Use  the  next  lowest  standard  value  (56u.H). 

Then  pick  RUM  from  the  curve.  For  IPEak  =  600mA,  RUM  = 
56a 


Inductor  Selection  —  Positive-to-Negative  Converter 

Figure  7  shows  hookup  for  positive-to-negative  conver- 
sion. All  of  the  output  power  must  come  from  the  inductor. 
In  this  case, 


Pl  =  (IVoutI  +  Vd)(Iout)- 


(14) 


In  this  mode  the  switch  is  arranged  in  common  collector 
or  step-down  mode.  The  switch  drop  can  be  modeled  as 
a  0.75V  source  in  series  with  a  0.65C2  resistor.  When  the 
switch  closes,  current  in  the  inductor  builds  according  to 


I,  t  = 


-R't 

1-e  l 


(15) 


where  R'  =  0.65ft  +  DCRL 
VL  =  V|N  -  0.75V 

As  an  example,  suppose  -5V  at  50mA  is  to  be  generated 
from  a  4.5V  to  5.5V  input.  Recalling  Equation  (14), 


PL  =  (I  -5V  |  +0.5V)(50mA)  =  275mW. 
Energy  required  from  the  inductor  is 
PL  _  275mW 


fosc  72kHz 


=  3.8uJ. 


(16) 


(17) 


Picking  an  inductor  value  of  56nH  with  0.2a  DCR  results 
in  a  peak  switch  current  of 


'peak  : 


(4.5V -0.75V) 


-0.85ft  «  7ns 
1  _  e  56nH 


=  445mA. 


(18) 


(0.65Q  +  0.2Q 

Substituting  lPEAK  into  Equation  (04)  results  in 

EL  =  |(56nH)(0.445A)2  =  5.54|iJ.  (19) 

Since  5.54pJ  >  3.82uJ,  the  56u.H  inductor  will  work. 

With  this  relatively  small  input  range,  Rum  is  not  usually 
necessary  and  the  Ium  pin  can  be  tied  directly  to  Vin.  As  in 
the  step-down  case,  peak  switch  current  should  be  limited 
to  ~650mA. 
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Capacitor  Selection 

Selecting  the  right  output  capacitor  is  almost  as  important 
as  selecting  the  right  inductor.  A  poor  choice  for  a  filter 
capacitor  can  result  in  poor  efficiency  and/or  high  output 
ripple.  Ordinary  aluminum  electrolytics,  while  inexpensive 
and  readily  available,  may  have  unacceptably  poor  Equiva- 
lent Series  Resistance  (ESR)  and  ESL  (inductance).  There 
are  low  ESR  aluminum  capacitors  on  the  market  specifi- 
cally designed  for  switch  mode  DC-DC  converters  which 
work  much  better  than  general-purpose  units.  Tantalum 
capacitors  provide  still  better  performance  at  more  ex- 
pense. We  recommend  OS-CON  capacitors  from  Sanyo 
Corporation  (San  Diego,  CA).  These  units  are  physically 
quite  small  and  have  extremely  low  ESR.  To  illustrate, 
Figures  1, 2,  and  3  show  the  output  voltage  of  an  LT1111 
based  converter  with  three  100^F  capacitors.  The  peak 
switch  current  is  500mA  in  all  cases.  Figure  1  shows  a 
Sprague  501 D,  25V  aluminum  capacitor.  Vout  jumps  by 
over  1 20mV  when  the  switch  turns  off,  followed  by  a  drop 
in  voltage  as  the  inductor  dumps  into  the  capacitor.  This 
works  out  to  be  an  ESR  of  over  240m£X  Figure  2  shows  the 
same  circuit,  but  with  a  Sprague  150D,  20V  tantalum 
capacitor  replacing  the  aluminum  unit.  Output  jump  is  now 
about  35mV,  corresponding  to  an  ESR  of  70mQ.  Figure  3 
shows  the  circuit  with  a  1 6V  OS-CON  unit.  ESR  is  now  only 
20m£X 


Figure  2.  Tantalum 


5ms/DIV 

Figure  3.  OS-CON 


Diode  Selection 

Speed,  forward  drop,  and  leakage  current  are  the  three 
main  considerations  in  selecting  a  catch  diode  for  LT1 1 1 1 
converters.  General  purpose  rectifiers  such  as  the  1 N4001 
are  unsuitableior  use  in  anyswitching  regulator  applica- 
tion. Although  they  are  rated  at  1  A,  the  switching  time  of 
a  1 N4001  is  in  the  1 0^is-50^s  range.  At  best,  efficiency  will 
be  severely  compromised  when  these  diodes  are  used;  at 
worst,  the  circuit  may  not  workat  all.  Most  LT1 1 1 1  circuits 
will  be  well  served  by  a  1N5818  Schottky  diode,  or  its 
surface  mount  equivalent,  the  MBRS130T3.  The  combina- 
tion of  500mV  forward  drop  at  1 A  current,  fast  turn  ON  and 
turn  OFF  time,  and  4p.A  to  1 0p.A  leakage  current  fit  nicely 
with  LT1111  requirements.  At  peak  switch  currents  of 
1 00mA  or  less,  a  1 N41 48  signal  diode  may  be  used.  This 
diode  has  leakage  current  in  the  1nA-5nA  range  at  25°C 
and  lower  cost  than  a  1 N581 8.  (You  can  also  use  them  to 
get  your  circuit  up  and  running,  but  beware  of  destroying 
the  diode  at  1A  switch  currents.) 

Step-Up  (Boost  Mode)  Operation 

A  step-up  DC-DC  converter  delivers  an  output  voltage 
higher  than  the  input  voltage.  Step-up  converters  are  not 
short  circuit  protected  since  there  is  a  DC  path  from  input 
to  output. 

The  usual  step-up  configuration  for  the  LT1 1 1 1  is  shown 
in  Figure  4.  The  LT1 1 1 1  first  pulls  SW1  low  causing  V|N  - 
VcESATtc-  appearacross  L1 .  A  current  then  builds  up  in  L1 . 
At  the  end  of  the  switch  ON  time  the  current  in  L1  is1 : 

lpEAK=YNtON  (20) 

Mote  1:  This  simple  expression  neglects  the  effect  of  switch  and  coil 
resistance.  This  is  taken  into  account  in  the  "Inductor  Selection"  section. 
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Figure  4.  Step-Up  Mode  Hookup. 
Refer  to  Table  1  lor  Component  Values 

Immediately  after  switch  turn  off,  the  SW1  voltage  pin 
starts  to  rise  because  current  cannot  instantaneously  stop 
flowing  in  L1 .  When  the  voltage  reaches  Vout  +  Vq,  the 
inductor  current  flows  through  D1  into  C1,  increasing 
Vout.  This  action  is  repeated  as  needed  by  the  LT1 1 1 1  to 
keep  Vfb  at  the  internal  reference  voltage  of  1 .25V.  R1  and 
R2  set  the  output  voltage  according  to  the  formula 


Vout  = 


1  +  |)(1.25V). 


(21) 


Step-Down  (Buck  Mode)  Operation 

A  step-down  DC-DC  converter  converts  a  higher  voltage  to 
a  lower  voltage.  The  usual  hookup  for  an  LT1 1 1 1 
step-down  converter  is  shown  in  Figure  5. 


;r3 
►ioon 


»LIM     v,N  swi 
FB 

LT1111 


SW3 


I  


A'lMCOIQ   1  n 


-V0UT 


Figure  5.  Step-Down  Mode  Hookup 


When  the  switch  turns  on,  SW2  pulls  up  to  Vin- Vsw-  This 
puts  a  voltage  across  L1  equal  to  V!N  -  VSw  -  Vout. 
causing  a  current  to  build  up  in  L1.  At  the  end  of  the  switch 
ON  time,  the  current  in  L1  is  equal  to 


Ipeak= 


Vin- Vsw -Vout 


tfJN- 


(22) 


When  the  switch  turns  off,  the  SW2  pin  falls  rapidly  and 
actually  goes  below  ground.  D1  turns  on  when  SW2 
reaches  0.4V  below  ground.  D1  MUST  BE  A  SCHOTTKY 
DIODE.  The  voltage  at  SW2  must  never  be  allowed  to  go 
below-0.5V.  A  silicon  diode  such  as  the  1 N4933  will  allow 
SW2  to  go  to  -0.8V,  causing  potentially  destructive  power 
dissipation  inside  the  LT1111.  Output  voltage  is  deter- 
mined by 


Vqut  = 


1  + 


R2 
R1 


(1.25V). 


(23) 


R3  programs  switch  current  limit.  This  is  especially  im- 
portant in  applications  where  the  input  varies  over  a  wide 
range.  Without  R3,  the  switch  stays  on  for  a  fixed  time 
each  cycle.  Under  certain  conditions  the  current  in  L1  can 
build  up  to  excessive  levels,  exceeding  the  switch  rating 
and/or  saturating  the  inductor.  The  100fii  resistor  pro- 
grams the  switch  to  turn  off  when  the  current  reaches 
approximately  700mA.  When  using  the  LT1111  in  step- 
down  mode,  output  voltage  should  be  limited  to  6.2V  or 
less.  Higher  output  voltages  can  be  accommodated  by 
inserting  a  1N5818  diode  in  series  with  the  SW2  pin 
(anode  connected  to  SW2). 

Higher  Current  Step-Down  Operation 

Output  current  can  be  increased  by  using  a  discrete  PNP 
pass  transistor  as  shown  in  Figure  6.  R1  serves  as  a 
current  limit  sense.  When  the  voltage  drop  across  R1 
equals  a  Vbe,  the  switch  turns  off.  For  temperature  com- 
pensation a  Schottky  diode  can  be  inserted  in  series  with 
the  I|_im  pin.  This  also  lowers  the  maximum  dropacross  R1 
to  VBe  -  Vd,  increasing  efficiency.  As  shown,  switch 
current  is  limited  to  2A.  Inductor  value  can  be  calculated 
based  on  formulas  in  the  "Inductor  Selection  Step-Down 
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Converter"  section  with  the  following  conservative 
expression  for  Vsw: 


VSW  =  V 


R1 +  VQ1SAT 


1.0V 


(24) 


R2  provides  a  current  path  to  turn  off  Q1 .  R3  provides  base 
drive  to  Q1.R4  and  R5  set  output  voltage.  A  PMOSFET  can 
be  used  in  place  of  Q1  when  V|N  is  between  1 0V  and  20V. 

Inverting  Configurations 

The  LT1111  can  be  configured  as  a  positive-to-negative 
converter  (Figure  7),  or  a  negative-to-positive  converter 
(Figure  8).  In  Figure  7,  the  arrangement  is  very  similar  to 
a  step-down,  except  that  the  high  side  of  the  feedback  is 
referred  to  ground.  This  level  shifts  the  output  negative.  As 
in  the  step-down  mode,  D1  must  be  a  Schottky  diode, 
and  I  VoutI  should  be  less  than  6.2V.  More  negative  output 
;  can  be  accommodated  as  in  the  prior  section. 


In  Figure  8,  the  input  is  negative  while  the  output  is 
positive.  In  this  configuration,  the  magnitude  of  the  input 
voltage  can  be  higher  or  lower  than  the  output  voltage.  A 
level  shift,  provided  by  the  PNPtransistor,  supplies  proper 
polarity  feedback  information  to  the  regulator. 

Using  the  Ilim  Pin 

The  LT1 1 1 1  switch  can  be  programmed  to  turn  off  at  a  set 
switch  current,  a  feature  not  found  on  competing  devices. 
This  enables  the  input  to  vary  over  a  wide  range  without 
exceeding  the  maximum  switch  rating  or  saturating  the 
inductor.  Consider  the  case  where  analysis  shows  the 
LT1111  must  operate  at  an  800mA  peak  switch  current 
with  a  2.0V  input.  If  V|N  rises  to  4V,  the  peak  switch  current 
will  rise  to  1 .6A,  exceeding  the  maximum  switch  current 
rating.  With  the  proper  resistor  selected  (see  the  "Maxi- 
mum Switch  Current  vs  Rum"  characteristic),  the  switch 
current  will  be  limited  to  800mA,  even  if  the  input  voltage 
increases. 

Another  situation  where  the  Ilim  feature  is  useful  occurs 
when  the  device  goes  into  continuous  mode  operation. 
This  occurs  in  step-up  mode  when 


1 


VOUT  +  VpiODE 

V|N-Vsw  "1-DC 


(25) 


LT 1 1 1 1  ■  TAOS 


Figure  6.  Q1  Permits  Higher-Current  Switching. 
LT1111  Functions  as  Controller. 


Figure  7.  Positive-to-Megative  Converter 
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Figure  8.  Negative-to-Positive  Converter 

When  the  input  and  output  voltages  satisfy  this  relation- 
ship, inductor  current  does  not  go  to  zero  during  the 
switch  OFF  time.  When  the  switch  turns  on  again,  the 
current  ramp  starts  from  the  non-zero  current  level  in  the 
inductor  just  prior  to  switch  turn  on.  As  shown  in  Figure  9, 
the  inductor  current  increases  to  a  high  level  before  the 
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comparator  turns  off  the  oscillator.  This  high  current  can 
cause  excessive  output  ripple  and  requires  oversizing  the 
output  capacitor  and  inductor.  With  the  ILim  feature, 
however,  the  switch  current  turns  off  at  a  programmed 
level  as  shown  in  Figure  10,  keeping  output  ripple  to  a 
minimum. 


SWITCH 


Figure  9.  No  Current  Limit  Causes  Large  Inductor 
Current  Build-Up 


SWITCH 


PROGRAMMED  CURRENT  LIMIT 


n  n  n  n_ 


Figure  10.  Current  Limit  Keeps  Inductor  Current  Under  Control 


OSCILLATOR 


univcn 


SW1 
02 


Figure  11.  LT1111  Current  Limit  Circuitry 

Figure  11  details  current  limit  circuitry.  Sense  transistor 
Q1,  whose  base  and  emitter  are  paralleled  with  power 
switch  Q2,  is  ratioed  such  that  approximately  0.5%  of  Q2's 
collector  current  flows  in  Q1's  collector.  This  current  is 
passed  through  internal  80Q  resistor  R1  and  out  through 
the  ILim  pin.  The  value  of  the  external  resistor  connected 
between  lUM  and  Vin  sets  the  current  limit.  When  suffi- 
cient switch  current  flows  to  develop  a  \%  across  R1  + 


Rum,  Q3  turns  on  and  injects  current  into  the  oscillator, 
turning  off  the  switch.  Delay  through  this  circuitry  is 
approximately  1u.s.  The  current  trip  point  becomes  less 
accurate  for  switch  ON  times  less  than  3u.s.  Resistor 
values  programming  switch  ON  time  for  1u.s  or  less  will 
cause  spurious  response  in  the  switch  circuitry  although 
the  device  will  still  maintain  output  regulation. 

Using  the  Gain  Block 

The  gain  block  (GB)  on  the  LT1 1 1 1  can  be  used  as  an  error 
amplifier,  low  battery  detector  or  linear  post  regulator.  The 
gain  block  itself  is  a  very  simple  PNP  input  op  amp  with  an 
open  collector  NPN  output.  The  negative  input  of  the  gain 
block  is  tied  internally  to  the  1 .25V  reference.  The  positive 
input  comes  out  on  the  SET  pin. 

Arrangement  of  the  gain  block  as  a  low  battery  detector  is 
straightforward.  Figure  12  shows  hookup.  R1  and  R2 
need  only  be  low  enough  in  value  so  that  the  bias  current 
of  the  SET  input  does  not  cause  large  errors.  33kQ  for  R2 
is  adequate.  R3  can  be  added  to  introduce  a  small  amount 
of  hysteresis.  This  will  cause  the  gain  block  to  "snap" 
when  the  trip  point  is  reached.  Values  in  the  1M-10M 
range  are  optimal.  The  addition  of  R3  will  change  the  trip 
point,  however. 


35.1nA 
VLB  =  BATTERY  TRIP  POINT 
R2  =  33k£l 
R3  =  1.6MSJ 


mm  -TA14 


Figure  12.  Setting  Low  Battery  Detector  Trip  Point 
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Table  1,  Componenl  Selection  for  Common  Converters 


INPUT 

OUTPUT 

OUTPUT 

CIRCUIT 

INDUCTOR 

INDUCTOR 

CAPACITOR 

VOLTAGE 

VOLTAGE 

CURRENT  (MIN) 

FIGURE 

VALUE 

PART  NUMBER 

VALUE 

NOTES 

2.0-3.1 

5 

90mA 

4 

15MH 

S  CD75-750K 

33uF 

2.0-3.1 

5 

10mA 

4 

47p.H 

S  CD54-470K,  C  CTX50-1 

10nF 

2.0-3.1 

12 

30mA 

4 

15uH 

SCD75-150K 

22jiF 

2.0-3.1 

12 

10mA 

4 

47uH 

S  CD54-470K,  C  CTX50-1 

10uF 

5 

12 

90mA 

4 

33p.H 

S  C075-330K 

22^F 

5 

12 

30mA 

4 

47nH 

S  CD75-470K,  C  CTX50-1 

15nF 

6.5-11 

5 

50mA 

5 

15nH 

SCD54-150K 

47uF 

12-20 

5 

300mA 

5 

56nH 

SCD105-560K,  CCTX50-4 

47|iF 

*  * 

20-30 

5 

300mA 

5 

120MH 

S  CD1 05-1 21 K,  CCTX1 00-4 

47nF 

5 

-5 

75mA 

6 

56n  H 

S  CD75-560K,  C  CTX50-4 

47MF 

12 

-5 

250mA 

6 

120nH 

SCD1 05-1 21  K.CCTX1 00-4 

*  * 

S  =  Sumida 

C  =  Coiltronics 

*  Add  47Q  from  Ilim  to  % 

**  Add  220S2from  Ilim  to  Vm 


Table  2.  Inductor  Manufacturers 

Table  3.  Capacitor  Manufacturers 

MANUFACTURER 

PART  NUMBERS 

MANUFACTURER 

PART  NUMBERS 

Coiltronics  International 
984  S.W.  13th  Court 
Pompano  Beach,  FL  33069 
305-781-8900 

CTX100-4  Series 
Surface  Mount 

Sanyo  Video  Components 
1201  Sanyo  Avenue 
San  Diego,  CA  92073 
619-661-6322 

OS-CON  Series 

Toko  America  Incorporated 
1250  Feehanville  Drive 
Mount  Prospect,  IL  60056 
312-297-0070 

Type  8RBS 

Nichicon  America  Corporation 
927  East  State  Parkway 
Schaumberg,  IL  60173 
708-843-7500 

PL  Series 

Sumida  Electric  Co.  USA 
708-956-0666 

CD54 
CDR74 
CDR105 
Surface  Mount 

Sprague  Electric  Company 
Lower  Main  Street 
Santord,  ME  04073 
207-324-4140 

150D  Solid  Tantalums 
550D  Tantalex 

Matsuo 
714-969-2491 

267  Series 
Surface  Mount 
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3Vto-22V  LCD  Bias  Generator 


2  X  1.5V  ■ 
CELLS  1 


■  L1  =  SUMIDA  CD54-270K 
FOR  5V  INPUT  CHANGE  R1  TO  mi. 
CONVERTER  WILL  DELIVER  -22V  AT  40mA. 


-22V  OUTPUT 
7mA  AT  2.0V  INPUT 

LTl  111  -TA15 


9V  to  5V  Step-Down  Converter  +20V  to  5V  Step-Down  Converter 


CTUDH8 
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+5V  to  -5V  Converter 


5V  INPUT 


22pF 


T 


SW1 

LT1111-5 

SENSE 
6ND  SW2 


Lr 

33yH 


1 


^  33nF-j- 


-5V  OUTPUT 
75mA 


■  L1  =  SUMIDACD54-330K 


Voltage  Controlled  Positive-to-Negative  Converter 


-VOUT  =  -513-Vc 
2W  MAXIMUM  OUTPUT 


VC(0VT0  5V) 


•  L1  =  C01LTR0NICS  CTX20-4 
tZETEX  INC.  516-543-7100 


High  Power,  Low  Quiescent  Current  Step-Down  Converter 


MTM20P08  _ 

IT  ' 


SUMIDA  CDR105-100M 


OPERATE  [STANDBY   
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TECHNOLOGY 


 LT1173 

Micropower 
DC-DC  Converter 
Adjustable  and  Fixed  5V,  12V 


F€RTUR€S 

■  Operates  at  Supply  Voltages  From  2.0V  to  30V 

■  Consumes  Only  110liA  Supply  Current 

■  Works  in  Step-Up  or  Step-Down  Mode 

■  Only  Three  External  Components  Required 

■  Low  Battery  Detector  Comparator  On-Chip 

■  User-Adjustable  Current  Limit 

■  Internal  1A  Power  Switch 

■  Fixed  or  Adjustable  Output  Voltage  Versions 

■  Space  Saving  8-Pin  MiniDIP  or  S08  Package 

nppucOTions 

■  Flash  Memory  Vpp  Generators 

■  3Vto5V,  5V  to  12V  Converters 

■  9Vto5V,  12V  to  5V  Converters 

■  LCD  Bias  Generators 

■  Peripherals  and  Add-On  Cards 

■  Battery  Backup  Supplies 

■  Laptop  and  Palmtop  Computers 

■  Cellular  Telephones 

■  Portable  Instruments 


DCSCRIPTIOH 

The  LT1173  is  a  versatile  micropower  DC-DC  converter. 
The  device  requires  only  three  external  components  to 
deliver  a  fixed  output  of  5V  or  1 2V.  Supply  voltage  ranges 
from  2.0V  to  1 2V  in  step-up  mode  and  to  30V  in  step-down 
mode.  The  LT1 1 73  functions  equally  well  in  step-up,  step- 
down  or  inverting  applications. 

The  LT1173  consumes  just  110|j.A  supply  current  at 
standby,  making  it  ideal  for  applications  where  low  quies- 
cent current  is  important.  The  device  can  deliver  5V  at 
80mA  from  a  3V  input  in  step-up  mode  or  5V  at  200mA 
from  a  12V  input  in  step-down  mode. 

Switch  current  limit  can  be  programmed  with  a  single 
resistor.  An  auxiliary  gain  blockcan  be  configured  as  a  low 
battery  detector,  linear  post  regulator,  under  voltage  lock- 
out circuit  or  error  amplifier. 

For  input  sources  of  less  than  2V,  use  the  LT1073. 


typical  nppucOTions 


Logic  Controlled  Flash  Memory  Vpp  Generator 

1N5818 


LI 
100pH 


10|iF  _ 


►47n 


km  Vim 

SW1 

LT1173 

FB 

GND  SW2 

1N4148 
PROGRAM   ►! — 


SANYO 
:  OS-CON 
100nF 


•L1  =  GOWANDAGA2O-103K  EFFICIENCY  =  81% 

COILTRONICS  CTX1 00-4         t  =  1  %  METAL  FILM 


1.TM73-TA01 


NO  OVERSHOOT 


Vpp  Output 


PROGRAM 

5V/DIV 


4-275 


LT1173 


absolute  mnximum  rrtirgs 

Supply  Voltage  (V,N)  36V 

SW1  Pin  Voltage  (VSWi)  50V 

SW2  Pin  Voltage  (VSW2)  -0.5V  to  V,N 

Feedback  Pin  Voltage  (LT1173)  5V 

Sense  Pin  Voltage  (LT1173,  -5,  -12)  36V 

Maximum  Power  Dissipation  500mW 

Maximum  Switch  Current  1.5A 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature,  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  mFORfllRTIOn 


IUM  E 
V|N  U 
SW1  |T 
SW2  [7 


TOP  VIEW 


]TJ  FB  (SENSE)' 
3  SET 
J]  AO 
T]  GND 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 

"FIXED  VERSIONS 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

•FIXED  VERSIONS 


ORDER  PART 
NUMBER 


LT1173CN8 

LT1173CN8-5 

LT1173CN8-12 


LT1173CS8 
LT1173CS8-5 
LT1 1 73CS8-1 2 


PART  MARKING 


1173 

17305 

17312 


€l€CTRICfll  CHRRRCTCRISTICS  TA  =  25  C.  V|N  =  3V,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent  Current 

Switch  Off 

• 

110 

150 

MA 

Iq 

Quiescent  Current,  Boost 

No  Load 

LT1 173-5 

135 

ma 

Mode  Configuration 

LT1173-12 

250 

ma 

V,N 

Input  Voltage 

Step-Up  Mode 

2.0 

12.6 

V 

Step-Down  Mode 

30 

V 

Comparator  Trip  Point  Voltage 

LT1173  (Note  1) 

1.20 

1.245 

1.30 

V 

VOUT 

Output  Sense  Voltage 

LT1173-5(Note2) 

4.75 

5.00 

5.25 

V 

LT1173-12  (Note  2) 

11.4 

12.0 

12.6 

V 

Comparator  Hysteresis 

LT1173 

5 

10 

mV 

Output  Hysteresis 

LT1 173-5 

20 

40 

mV 

LT1173-12 

50 

100 

mV 

fosc 

Oscillator  Frequency 

18 

24 

30 

kHz 

Duty  Cycle 

Full  Load 

47 

55 

63 

% 

toN 

Switch  ON  Time 

km  tied  to  V|N 

17 

23 

32 

US 

Feedback  Pin  Bias  Current 

LT1173,  VFB  = 

OV 

10 

50 

nA 

Set  Pin  Bias  Current 

VSET  ~  VREF 

20 

100 

nA 

Vol 

Gain  Block  Output  Low 

Isink  =  100nA,VSET  =  1.00V 

0.15 

0.4 

V 

Reference  Line  Regulation 

2.0V  <  V|N  <  5V 

0.2 

0.4 

%/V 

5V<V|N  <30V 

0.02 

0.075 

%/v 

VSAT 

SWSAT  Voltage,  Step-Up  Mode 

Vin  =  3.0V,  lsw  =  650mA 

0.5 

0.65 

V 

V|N  =  5.0V,  lSw  =  1A 

0.8 

1.0 

V 

• 

1.4 

V 
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€l€CTMCni  CHRRnCT€RISTICSTA  =  25  C.  V|N  =  3V,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN           TYP  MAX 

UNITS 

VSAT 

SWsat  Voltage,  Step-Down  Mode 

V|N  =  12V,  lsw  =  650mA 

• 

1.1  1.5 
1.7 

V 
V 

Av 

Gain  Block  Gain 

RL  =  100kQ(Note3) 

• 

400  1000 

v/v 

Current  Limit 

220Qto  lunitoViN 

400 

mA 

Current  Limit  Temperature  Coeft 

• 

-0.3 

%/°C 

Switch  OFF  Leakage  Current 

Measured  at  SW1  Pin 

1  10 

HA 

VSW2 

Maximum  Excursion  Below  GND 

lSWi  <10p.A,  Switch  Off 

-400  -350 

mV 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  This  specification  guarantees  that  both  the  high  and  low  trip 
points  of  the  comparator  fall  within  the  1 ,20V  to  1 .30V  range. 


Note  2:  The  output  voltage  waveform  will  exhibit  a  sawtooth  shape  due  to 
the  comparator  hysteresis.  The  output  voltage  on  the  fixed  output 
versions  will  always  be  within  the  specified  range. 
Note  3: 1 00k£2  resistor  connected  between  a  5V  source  and  the  AO  pin. 


TYPICAL  P€RFOflmnnC€  CHARACTERISTICS 


12 

1.0 

0.8 

> 

0.6 

0.4 

0.2 

0 

Saturation  Voltage  Step-Up  Mode 
(SW2  Pin  Grounded) 


jj 

V 

IM=  3.0\ 

i 

V|N= 

2.0V  / 

=  5.0V 

0       0.2      0.4      0.6      0.8     1.0  1.2 
'SWITCH  W 


Switch  ON  Voltage 

Step-Down  Mode 

(SW1  Pin  Connected  to  VIN) 


0    0.1    0.2    0.3    0.4    0.5    0.6  0.7 

Switch  (a) 


1200 
1100 
1000 
<  900 
t  800 

I  700 
3  600 

p  500 
1  400 
300 
200 
100 


Maximum  Switch  Current  vs 
Rum  Step-Up  Mode 


I  I 

IN  - 

100 

Rlim(Q) 


1000 

900 

em 

<c 

E. 

700 

. ' 

600 

□= 
Z3 

500 

U 

o 

400 

5 

300 

200 

100 

0 

Maximum  Switch  Current  vs 
Rum  Step-Down  Mode 


V0UT=  5V 

=  500p 

V 

\ 

H 

V(N=  12V 
L  =  250pH 



Set  Pin  Bias  Current  vs 
Temperature 


\ 

IN 

3 

1 

Ruh(«) 


0  25  50  75 
TEMPERATURE  (°C) 


Feedback  Pin  Bias  Current  vs 
Temperature 


*  ie 


V 

IN 

-3 

-50    -25      0       25      50      75     100  125 
TEMPERATURE  fCJ 
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pin  Funcnons 

Ilim  (pin  1 ):  Connect  this  pin  to  V|N  for  normal  use.  Where 
lower  current  limit  is  desired,  connect  a  resistor  between 
Ilim  and  V|N.  A  220Q  resistor  will  limit  the  switch  current 
to  approximately  400mA. 

Vin  (Pin  2):  Input  supply  voltage. 

SW1  (Pin  3):  Collector  of  power  transistor.  For  step-up 
mode  connect  to  inductor/diode.  For  step-down  mode 
connect  to  V|N. 

SW2  (Pin  4):  Emitter  of  power  transistor.  For  step-up 
mode  connect  to  ground.  For  step-down  mode  connect  to 
inductor/diode.  This  pin  must  never  be  allowed  to  go  more 
than  a  Schottky  diode  drop  below  ground. 


GND  (Pin  5):  Ground. 

AO  (Pin  6):  Auxiliary  Gain  Block  (GB)  output.  Open  collec- 
tor, can  sinklOOuA 

SET  (Pin  7):  GB  input.  GB  is  an  op  amp  with  positive  input 
connected  to  SET  pin  and  negative  input  connected  to 
1 .245V  reference. 

FB/SENSE  (Pin  8):  On  the  LT1173  (adjustable)  this  pin 
goes  to  the  comparator  input.  On  the  LT1 173-5  and 
LT1 173-1 2,  this  pin  goes  to  the  internal  application  resis- 
tor that  sets  output  voltage. 


BLOCK  DlflGRflmS 


LT1173  LT1173-5,  -12 


LT1 173  •  BOD2 
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LT1173  OP€RflTIOn 

The  LT1 1 73  is  a  gated  oscillator  switcher.  This  type  archi- 
tecture has  very  low  supply  current  because  the  switch  is 
cycled  only  when  the  feedback  pin  voltage  drops  below  the 
reference  voltage.  Circuit  operation  can  best  be  under- 
stood by  referring  to  the  LT1 1 73  block  diagram.  Compara- 
tor A1  compares  the  feedback  pin  voltage  with  the  1 .245V 
reference  voltage.  When  feedback  drops  below  1 .245V,  A1 
switches  on  the  24kHz  oscillator.  The  driver  amplifier 
boosts  the  signal  level  to  drive  the  output  NPN  power 
switch.  An  adaptive  base  drive  circuit  senses  switch 
current  and  provides  just  enough  base  drive  to  ensure 
switch  saturation  without  overdriving  the  switch,  resulting 
in  higher  efficiency.  The  switch  cycling  action  raises  the 
output  voltage  and  feedback  pin  voltage.  When  the  feed- 
back voltage  is  sufficient  to  trip  A1 ,  the  oscillator  is  gated 
off.  Asmall  amount  of  hysteresis  built  into  A1  ensures  loop 
stability  without  external  frequency  compensation.  When 
the  comparator  is  low  the  oscillator  and  all  high  current 
circuitry  isturned  off,  lowering  device  quiescent  currentto 
just  110uA,  for  the  reference,  A1  and  A2. 

The  oscillator  is  set  internally  for  23jis  ON  time  and  1 9u.s 
OFF  time,  optimizing  the  device  for  circuits  where  Vout 
and  Vim  differ  by  roughly  a  factor  of  2.  Examples  include  a 
3V  to  5V  step-up  converter  or  a  9V  to  5V  step-down 
converter. 


A2  is  a  versatile  gain  block  that  can  serve  as  a  low  battery 
detector,  a  linear  post  regulator,  or  drive  an  under  voltage 
lockout  circuit.  The  negative  input  of  A2  is  internally 
connected  to  the  1 .245V  reference.  A  resistor  divider  from 
V|n  to  GND,  with  the  mid-point  connected  to  the  SET  pin 
provides  the  trip  voltage  in  a  low  battery  detector  applica- 
tion. The  gain  block  output  (AO)  can  sink  1 00u.A  (use  a47k 
resistor  pull-up  to +5V).  This  line  can  signal  a  microcon- 
troller that  the  battery  voltage  has  dropped  below  the 
preset  level. 

A  resistor  connected  between  the  Ilim  pin  and  ffly  sets 
maximum  switch  current.  When  the  switch  current  ex- 
ceeds the  set  value,  the  switch  cycle  is  prematurely 
terminated.  If  current  limit  is  not  used,  I|_im  should  be  tied 
directly  to  ViN.  Propagation  delay  through  the  current  limit 
circuitry  is  approximately  2ns. 

In  step-up  mode  the  switch  emitter  (SW2)  is  connected  to 
ground  and  the  switch  collector  (SW1)  drives  the  induc- 
tor; in  step-down  mode  the  collector  is  connected  to  Vin 
and  the  emitter  drives  the  inductor. 

The  LT1 1 73-5  and  LT1 1 73-1 2  are  functionally  identical  to 
the  LT1 1 73.  The  -5  and  -1 2  versions  have  on-chip  voltage 
setting  resistors  for  fixed  5V  or  12V  outputs.  Pin  8  on  the 
fixed  versions  should  be  connected  to  the  output.  No 
external  resistors  are  needed. 
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Measuring  Input  Current  at  Zero  or  Light  Load 

Obtaining  meaningful  numbers  for  quiescent  current  and 
efficiency  at  low  output  current  involves  understanding 
how  the  LT1 1 73  operates.  At  very  low  or  zero  load  current, 
the  device  is  idling  for  seconds  at  a  time.  When  the  output 
voltage  falls  enough  to  trip  the  comparator,  the  power 
switch  comes  on  for  a  few  cycles  until  the  output  voltage 
rises  sufficiently  to  overcome  the  comparator  hysteresis. 
When  the  power  switch  is  on,  inductor  current  builds  up 
to  hundreds  of  milliamperes.  Ordinary  digital  multimeters 
are  not  capable  of  measuring  average  current  because  of 
bandwidth  and  dynamic  range  limitations.  A  different 


approach  is  required  to  measure  the  100>A  off-state  and 
500mA  on-state  currents  of  the  circuit. 

Quiescent  current  can  be  accurately  measured  using  the 
circuit  in  Figure  1 .  VSet  is  set  to  the  input  voltage  of  the 
LT1173.  The  circuit  must  be  "booted"  by  shorting  V2  to 
Vset-  After  the  LT1 1 73  output  voltage  has  settled,  discon- 
nect the  short.  Input  voltage  is  V2,  and  average  input 
current  can  be  calculated  by  this  formula: 


V2-V1 
100ft 


(01) 


LT1173 
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LT1173 
CIRCUIT 


T 


NON-POLARIZED 


LT1I73-TA06 


Figure  1.  Test  Circuit  Measures  No  Load  Quiescent  Current  of 
LT1 073  Converter 

Inductor  Selection 

A  DC-DC  converter  operates  by  storing  energy  as  mag- 
netic flux  in  an  inductor  core,  and  then  switching  this 
energy  into  the  load.  Since  it  is  flux,  not  charge,  that  is 
stored,  the  output  voltage  can  be  higher,  lower,  or  opposite 
in  polarity  to  the  input  voltage  by  choosing  an  appropriate 
switching  topology.  To  operate  as  an  efficient  energy 
transfer  element,  the  inductor  must  fulfill  three  require- 
ments. First,  the  inductance  must  be  low  enough  for  the 
inductor  to  store  adequate  energy  under  the  worst  case 
condition  of  minimum  input  voltage  and  switch  ON  time. 
The  inductance  must  also  be  high  enough  so  that  maxi- 
mum current  ratings  of  the  LT1 1 73  and  inductor  are  not 
exceeded  at  the  other  worst  case  condition  of  maximum 
input  voltage  and  ON  time.  Additionally,  the  inductor  core 
must  be  able  to  store  the  required  flux;  i.e.,  it  must  not 
saturate.  At  power  levels  generally  encountered  with 
LT1173  based  designs,  small  axial  leaded  units  with 
saturation  current  ratings  in  the  300mA  to  1A  range 
(depending  on  application)  are  adequate.  Lastly,  the  in- 
ductor must  have  sufficiently  low  DC  resistance  so  that 
excessive  power  is  not  lost  as  heat  in  the  windings.  An 
additional  consideration  is  Electro-Magnetic  Interference 
(EMI).  Toroid  and  pot  core  type  inductors  are  recom- 
mended in  applications  where  EMI  must  be  kept  to  a 
minimum;  for  example,  where  there  are  sensitive  analog 
circuitry  or  transducers  nearby.  Rod  core  types  are  a  less 
expensive  choice  where  EMI  is  not  a  problem. 

Specifying  a  proper  inductor  for  an  application  requires 
first  establishing  minimum  and  maximum  input  voltage, 
output  voltage,  and  output  current.  In  a  step-up  converter, 


the  inductive  events  add  to  the  input  voltage  to  produce  the 
output  voltage.  Power  required  from  the  inductor  is  deter- 
mined by 


Pl  =  (Vout  +  Vd-V|N)(Iout) 


(02) 


where  VD  is  the  diode  drop  (0.5V  for  a  1 N581 8  Schottky). 
Energy  required  by  the  inductor  per  cycle  must  be  equal  or 
greater  than 


_Pl_ 
fbsc 

in  order  for  the  converter  to  regulate  the  output. 


(03) 


When  the  switch  is  closed,  current  in  the  inductor  builds 
according  to 


■e  L 

j 


(04) 


where  R'  is  the  sum  of  the  switch  equivalent  resistance 
(0.8D  typical  at  25°C)  and  the  inductor  DC  resistance. 
When  the  drop  across  the  switch  is  small  compared  to  V|N, 
the  simple  lossless  equation 


lL(t)  =  ^t 


(05) 


can  be  used.  These  equations  assume  that  at  t  =  0, 
inductor  current  is  zero.  This  situation  is  called  "discon- 
tinuous mode  operation"  in  switching  regulator  parlance. 
Setting  "t"  to  the  switch  ON  time  from  the  LT1 173  speci- 
fication table  (typically  23u.s)  will  yield  i peak  for  a  specific 
"L"  and  \%  Once  ipEAK  is  known,  energy  in  the  inductor  at 
the  end  of  the  switch  ON  time  can  be  calculated  as 


el-  o  '-'peak 


(06) 


El  must  be  greater  than  P|_/Fosc  forthe  converterto  deliver 
the  required  power.  For  best  efficiency  iPEAK  should  be 
kept  to  1A  or  less.  Higher  switch  currents  will  cause 
excessive  drop  across  the  switch  resulting  in  reduced 
efficiency.  In  general,  switch  current  should  be  held  to  as 
low  a  value  as  possible  in  order  to  keep  switch,  diode  and 
inductor  losses  at  a  minimum. 
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As  an  example,  suppose  9V  at  50mA  is  to  be  generated 
from  a  3V  input.  Recalling  Equation  02, 

PL  =  (9V  +  0.5V  -  3V)  (50mA)  =  325mW.  (07) 

Energy  required  from  the  inductor  is 

_PL  =  325mW 
Fosc  24kHz 

Picking  an  inductor  value  of  1 00u.H  with  0.2ft  DCR  results 
in  a  peak  switch  current  of 


(08) 


EAK  1ft 


-1Q  «23ns 

1_e  ioohH 


=  61 6mA. 


(09) 


(10) 


Substituting  i peak  int0  Equation  04  results  in 

EL  =  A-  (1 00nH)  (0. 61 6 A)2  =  1 9. 0|i  J. 

Since  19uJ  >  13.5uJ  the  100u.H  inductor  will  work.  This 
trial-and-error  approach  can  be  used  to  select  the  opti- 
mum inductor.  Keep  in  mind  the  switch  current  maximum 
rating  of  1 .5A.  If  the  calculated  peak  current  exceeds  this, 
consider  using  the  LT1073.  The  70%  duty  cycle  of  the 
LT1073  allows  more  energy  per  cycle  to  be  stored  in  the 
inductor,  resulting  in  more  output  power. 

An  inductor's  energy  storage  capability  is  proportional  to 
its  physical  size.  If  the  size  of  the  inductor  is  too  large  for 
a  particular  application,  considerable  size  reduction  is 
possible  by  using  the  LT1 1 1 1 .  This  device  is  pin  compat- 
ible with  the  LT1173  but  has  a  72kHz  oscillator,  thereby 
reducing  inductor  and  capacitor  size  requirements  by  a 
factor  of  three. 

For  both  positive-to-negative  (Figure  7)  and  negative-to- 
positive  configurations  (Figure  8),  all  the  output  power 
must  be  generated  by  the  inductor.  In  these  cases 

Pl  =  (IV0UTI  + VD)  (Iout)-  (11) 

In  the  positive-to-negative  case,  switch  drop  can  be  mod- 
eled as  a  0.75V  voltage  source  in  series  with  a  0.65ft 
resistor  so  that 

VL  =  VIN- 0.75V -lL  (0.65ft). 


In  the  negative-to-positive  case,  the  switch  saturates  and 
the  0.8ft  switch  ON  resistance  value  given  for  Equation  04 
can  be  used.  In  both  cases  inductor  design  proceeds  from 
Equation  03. 

The  step-down  case  is  different  than  the  preceeding  three 
in  that  the  inductor  current  flows  through  the  load  in  a 
step-down  topology  (Figure  6).  Currentthrough  the  switch 
should  be  limited  to  ~650mA  in  step-down  mode.  This  can 
be  accomplished  by  using  the  Ilim  P'n-  With  input  voltages 
in  the  range  of  1 2V  to  25V,  a  5V  output  at  300mA  can  be 
generated  with  a  220u.H  inductor  and  100ft  resistor  in 
series  with  the  Ilim  pin.  With  a  20V  to  30V  input  range,  a 
470u.H  inductor  should  be  used  along  with  the  100ft 
resistor. 

Capacitor  Selection 

Selecting  the  right  output  capacitor  is  almost  as  important 
as  selecting  the  right  inductor.  A  poor  choice  for  a  filter 
capacitor  can  result  in  poor  efficiency  and/or  high  output 
ripple.  Ordinary  aluminum  electrolytics,  while  inexpensive 
and  readily  available,  may  have  unacceptably  poor  equiva- 
lent series  resistance  (ESR)  and  ESL  (inductance).  There 
are  low-ESR  aluminum  capacitors  on  the  market  specifi- 
cally designed  for  switch  mode  DC-DC  converters  which 
work  much  better  than  general-purpose  units.  Tantalum 
capacitors  provide  still  better  performance  at  more  ex- 
pense. We  recommend  OS-CON  capacitors  from  Sanyo 
Corporation  (San  Diego,  CA).  These  units  are  physically 
quite  small  and  have  extremely  low  ESR.  To  illustrate, 
Figures  2, 3,  and  4  show  the  output  voltage  of  an  LT1 1 73 
based  converter  with  three  100u.F  capacitors.  The  peak 
switch  current  is  500mA  in  all  cases.  Figure  2  shows  a 
Sprague  501 D,  25V  aluminum  capacitor.  V0ut  jumps  by 
over  1 20mV  when  the  switch  turns  off,  followed  by  a  drop 
in  voltage  as  the  inductor  dumps  into  the  capacitor.  This 
works  out  to  be  an  ESR  of  over  240mft.  Figure  3  shows  the 
same  circuit,  but  with  a  Sprague  150D,  20V  tantalum 
capacitor  replacing  the  aluminum  unit.  Output  jump  is 
now  about  35mV,  corresponding  to  an  ESR  of  70mft. 
Figure  4  shows  the  circuit  with  a  1 6V  OS-CON  unit.  ESR  is 
now  only  20mft. 
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Figure  2.  Aluminum 
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Figure  3.  Tantalum 
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Figure  4.  OS-CON 


In  very  low  power  applications  where  every  microampere 
is  important,  leakage  current  of  the  capacitor  must  be 
considered.  The  OS-CON  units  do  have  leakage  current  in 
the  5u.A  to  1 0u-A  range.  If  the  load  is  also  in  the  microam- 
pere range,  a  leaky  capacitor  will  noticeably  decrease 
efficiency.  In  this  type  application  tantalum  capacitors  are 
the  best  choice,  with  typical  leakage  currents  in  the  1  u.A  to 
5u.A  range. 

Diode  Selection 

Speed,  forward  drop,  and  leakage  current  are  the  three 
main  considerations  in  selecting  a  catch  diode  for  LT1 1 73 
converters.  General  purpose  rectifiers  such  as  the  1 N4001 
are  unsuitable^  use  in  any  switching  regulator  applica- 
tion. Although  they  are  rated  at  1A,  the  switching  time  of 
a  1 N4001  is  in  the  1 0u.s-50u.s  range.  At  best,  efficiency  will 
be  severely  compromised  when  these  diodes  are  used;  at 
worst,  the  circuit  may  not  work  at  all.  Most  LT1 1 73  circuits 
will  be  well  served  by  a  1N5818  Schottky  diode.  The 
combination  of  500mV  forward  drop  at  1A  current,  fast 
turn  ON  and  turn  OFF  time,  and  4u.A  to  10u,A  leakage 
current  fit  nicely  with  LT1173  requirements.  At  peak 
switch  currents  of  1 00mA  or  less,  a  1 N41 48  signal  diode 
may  be  used.  This  diode  has  leakage  current  in  the  1  nA- 
5nA  range  at  25°C  and  lower  cost  than  a  1 N581 8.  (You  can 
also  use  them  to  get  your  circuit  up  and  running,  but 
beware  of  destroying  the  diode  at  1 A  switch  currents.)  In 
situations  where  the  load  is  intermittent  and  the  LT1 1 73  is 
idling  most  of  the  time,  battery  life  can  sometimes  be 
extended  by  using  a  silicon  diode  such  as  the  1N4933, 
which  can  handle  1A  but  has  leakage  current  of  less  than 
1u.A.  Efficiency  will  decrease  somewhat  compared  to  a 
1 N581 8  while  delivering  power,  but  the  lower  idle  current 
may  be  more  important. 


Step-Up  (Boost  Mode)  Operation 

A  step-up  DC-DC  converter  delivers  an  output  voltage 
higher  than  the  input  voltage.  Step-up  converters  are  not 
short  circuit  protected  since  there  is  a  DC  path  from  input 
to  output. 

The  usual  step-up  configuration  for  the  LT1 1 73  is  shown 
in  Figure  5.  The  LT1 1 73  first  pulls  SW1  low  causing  V|N  - 
VcESATto  appear  across  L1 .  A  current  then  builds  up  in  L1 . 
At  the  end  of  the  switch  ON  time  the  current  in  L1  is1: 


i  V|Nt 

lPEAK="r  ION 


Figure  5.  Step-Up  Mode  Hookup. 
Refer  to  Table  1  for  Component  Values 

Immediately  after  switch  turn  off,  the  SW1  voltage  pin 
starts  to  rise  because  current  cannot  instantaneously  stop 
flowing  in  L1.  When  the  voltage  reaches  V0ut  +  Vq,  the 
inductor  current  flows  through  D1  into  C1,  increasing 
Vqut-  This  action  is  repeated  as  needed  by  the  LT1 1 73  to 


Note  1:  This  simple  expression  neglects  the  effect  of  switch  and  coil 
resistance.  This  is  taken  into  account  in  the  "Inductor  Selection"  section. 
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keep  Vfb  at  the  internal  reference  voltage  of  1.245V.  R1 
and  R2  set  the  output  voltage  according  to  the  formula 

V0UT  =  (l  +  f)(1-245V).  (14) 

Step-Down  (Buck  Mode)  Operation 

A  step-down  DC-DC  converter  converts  a  higher  voltage  to 
a  lower  voltage.  The  usual  hookup  for  an  LT1 


Figure  6.  Step-Down  Mode  Hookup 

When  the  switch  turns  on,  SW2  pulls  up  to  V!N- Vsw.  This 
puts  a  voltage  across  L1  equal  to  V|N  -  Vsw  -  Vout. 
causing  a  current  to  build  up  in  L1.  At  the  end  of  the  switch 
ON  time,  the  current  in  L1  is  equal  to 


|pEAK=vIN-vsw-vOUTtoN 


(15) 


When  the  switch  turns  off,  the  SW2  pin  falls  rapidly  and 
actually  goes  below  ground.  D1  turns  on  when  SW2 
reaches  0.4V  below  ground.  D1  MUST  BE  A  SCHOTTKY 
DIODE.  The  voltage  at  SW2  must  never  be  allowed  to  go 
below-0.5V.  A  silicon  diode  such  as  the  1 N4933  will  allow 
SW2  to  go  to  -0.8V,  causing  potentially  destructive  power 
dissipation  inside  the  LT1173.  Output  voltage  is  deter- 
mined by 


VOUT  =  [l  +  f  ]  (1.245V). 


(16) 


R3  programs  switch  current  limit.  This  is  especially  im- 
portant in  applications  where  the  input  varies  over  a  wide 
range.  Without  R3,  the  switch  stays  on  for  a  fixed  time 
each  cycle.  Under  certain  conditions  the  current  in  L1  can 
build  up  to  excessive  levels,  exceeding  the  switch  rating 
and/or  saturating  the  inductor.  The  100Q  resistor  pro- 
grams the  switch  to  turn  off  when  the  current  reaches 
approximately  800mA.  When  using  the  LT1173  in  step- 
down  mode,  output  voltage  should  be  limited  to  6.2V  or 
less.  Higher  output  voltages  can  be  accommodated  by 
inserting  a  1N5818  diode  in  series  with  the  SW2  pin 
(anode  connected  to  SW2). 

Inverting  Configurations 

The  LT1173  can  be  configured  as  a  positive-to-negative 
converter  (Figure  7),  or  a  negative-to-positive  converter 
(Figure  8).  In  Figure  7,  the  arrangement  is  very  similar  to 
a  step-down,  except  that  the  high  side  of  the  feedback  is 
referred  to  ground.  This  level  shifts  the  output  negative.  As 
in  the  step-down  mode,  D1  must  be  a  Schottky  diode, 
and  I  Vout  I  should  be  less  than  6.2V.  More  negative  output 
voltages  can  be  accomodated  as  in  the  prior  section. 


►  R3 


Ium      V,N  SW1 

FB 

LT1173 

SW2 


,D1 

1N5818  ~ P1 


"1 


X 


Figure  7.  Positive-to-Negative  Converter 

In  Figure  8,  the  input  is  negative  while  the  output  is 
positive.  In  this  configuration,  the  magnitude  of  the  input 
voltage  can  be  higher  or  lower  than  the  output  voltage.  A 
level  shift,  provided  by  the  PNP  transistor,  supplies  proper 
polarity  feedback  information  to  the  regulator. 
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Ilim  vin 


AO  fb 
GND  SW2 


♦VquT 


VOUT  =  (^)l.245Vt0.6V 


Figure  8.  Negative-to-Positive  Converter 
Using  the  lUM  Pin 

The  LT1 173  switch  can  be  programmed  to  turn  off  at  a  set 
switch  current,  a  feature  not  found  on  competing  devices. 
This  enables  the  input  to  vary  over  a  wide  range  without 
exceeding  the  maximum  switch  rating  or  saturating  the 
inductor.  Consider  the  case  where  analysis  shows  the 
LT1173  must  operate  at  an  800mA  peak  switch  current 
with  a  2.0V  input.  If  Vin  rises  to  4V,  the  peak  switch  current 
will  rise  to  1 .6A,  exceeding  the  maximum  switch  current 
rating.  With  the  proper  resistor  selected  (see  the  "Maxi- 
mum Switch  Current  vs  Rum"  characteristic),  the  switch 
current  will  be  limited  to  800mA,  even  if  the  input  voltage 
increases. 

Another  situation  where  the  ILim  feature  is  useful  occurs 
when  the  device  goes  into  continuous  mode  operation. 
This  occurs  in  step-up  mode  when 


OUT  T  VDIODE 


1 


V|N-VSW  1-DC 


07) 


When  the  input  and  output  voltages  satisfy  this  relation- 
ship, inductor  current  does  not  go  to  zero  during  the 
switch  OFF  time.  When  the  switch  turns  on  again,  the 
current  ramp  starts  from  the  non-zero  current  level  in  the 
inductor  just  prior  to  switch  turn  on.  As  shown  in  Figure 
9,  the  inductor  current  increases  to  a  high  level  before  the 
comparator  turns  off  the  oscillator.  This  high  current  can 
cause  excessive  output  ripple  and  requires  oversizing  the 
output  capacitor  and  inductor.  With  the  Ilim  feature, 
however,  the  switch  current  turns  off  at  a  programmed 
level  as  shown  in  Figure  10,  keeping  output  ripple  to  a 
minimum. 


Figure  9.  No  Current  Limit  Causes  Large  i 
Current  Build-Up 


PROGRAMMED  CURRENT  LIMIT 


Figure  10.  Current  Limit  Keeps  Inductor  Current  Under  Control 

Figure  11  details  current  limit  circuitry.  Sense  transistor 
Q1,  whose  base  and  emitter  are  paralleled  with  power 
switch  Q2,  is  ratioed  such  that  approximately  0.5%  of  Q2's 
collector  current  flows  in  0.1 's  collector.  This  current  is 
passed  through  internal  80Q  resistor  R1  and  out  through 
the  Ilim  pin.  The  value  of  the  external  resistor  connected 
between  IUm  and  Vin  sets  the  current  limit.  When  sufficient 
switch  current  flows  to  develop  a  VBe  across  R1  +Rlim.Q3 
turns  on  and  injects  current  into  the  oscillator,  turning  off 
the  switch.  Delay  through  this  circuitry  is  approximately 
2lis.  The  current  trip  point  becomes  less  accurate  for 
switch  ON  times  less  than  4lis.  Resistor  values  program- 
ming switch  ON  time  for  2(xs  or  less  will  cause  spurious 
response  in  the  switch  circuitry  although  the  device  will 
still  maintain  output  regulation. 
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Figure  11.  LT1173  Current  Limit  Circuitry 
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Using  the  Gain  Block 

The  gain  block  (GB)  on  the  LT1 1 73  can  be  used  as  an  error 
amplifier,  low  battery  detector  or  linear  post  regulator.  The 
gain  block  itself  is  a  very  simple  PNP  input  op  amp  with  an 
open  collector  NPN  output.  The  negative  input  of  the  gain 
block  is  tied  internally  to  the  1 .245V  reference.  The  posi- 
tive input  comes  out  on  the  SET  pin. 

Arrangement  of  the  gain  block  as  a  low  battery  detector  is 
straightforward.  Figure  1 2  shows  hookup.  R1  and  R2  need 
only  be  low  enough  in  value  so  that  the  bias  current  of  the 
SET  input  does  not  cause  large  errors.  100kQ  for  R2  is 
adequate.  R3  can  be  added  to  introduce  a  small  amount  of 
hysteresis.  This  will  cause  the  gain  block  to  "snap"  when 
the  trip  point  is  reached.  Values  in  the  1 M-10M  range  are 
optimal.  The  addition  of  R3  will  change  the  trip  point, 
however. 

Table  1.  Component  Selection  for  Common  Converters 


R1  : 


VLB- 1.245V 
11.7mA 
VLB  -  BATTERY  TRIP  POINT 
R2  =  100k£J 
R3  =4.7M£i 


Figure  12.  Setting  Low  Battery  Detector  Trip  Point 


INPUT 

OUTPUT 

OUTPUT 

CIRCUIT 

INDUCTOR 

INDUCTOR 

CAPACITOR 

VOLTAGE 

VOLTAGE 

CURRENT  (MIN) 

FIGURE 

VALUE 

PART  NUMBER 

VALUE 

NOTES 

2.0-3.1 

5 

90mA 

5 

47|lH 

GGA10-472K.CCTX50-1 

100nF 

2.0-3.1 

5 

10mA 

5 

220jiH 

G  GA10-223K,  C  CTX 

22yi? 

2.0-3.1 

12 

50mA 

5 

47liH 

GGA10-472K.CCTX50-1 

47MF 

2.0-3.1 

12 

10mA 

5 

150uH 

GGA10-153K 

22|iF 

5 

12 

90mA 

5 

120nH 

GGA10-123K 

100nF 

5 

12 

30mA 

5 

150u.H 

GGA10-153K 

47^F 

5 

15 

50mA 

5 

120^H 

GGA1 0-1 23KCCTX1 00-4 

47|aF 

5 

30 

25mA 

5 

100u.H 

G  GA10-103K,  C  CTX100-4 

10nF,  50V 

6.5-9.5 

5 

50mA 

6 

47u.H 

GGA10-472K,  CCTX50-1 

100|jF 

12-20 

5 

300mA 

6 

220u.H 

G  GA20-223K 

220|iF 

20-30 

5 

300mA 

6 

470u.H 

G  GA20-473K 

470nF 

5 

-5 

75mA 

7 

100uH 

GGA1 0-1 03K.CCTX1 00-4 

100nF 

12 

-5 

250mA 

7 

470u.FI 

G  GA40-473K 

220u.F 

-5 

5 

150mA 

8 

100uH 

GGA1 0-1 03K.CCTX1 00-4 

220nF 

-5 

12 

75mA 

8 

100nH 

GGA1 0-1 03K.CCTX1 00-4 

47uF 

G  =  Gowanda 

C  =  Coiltronics 

*  Add  68fi  from  I|_im  to  Vin 

**  Add  lOOOfrom  lUM  to  V,N 
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Table  2.  Inductor  Manufacturers   Table  3.  Capacitor  Manutacturers  

MANUFACTURER  PART  NUMBERS      MANUFACTURER  PART  NUMBERS 


Gowanda  Electronics  Corporation  GA1 0  Series 

1  Industrial  Place  GA40  Series 

Gowanda,  NY  14070 

716-532-2234  

Caddell-Bums  7300  Series 

258  East  Second  Street  6860  Series 

Mineola,  NY  11501 

516-746-2310  

Coiltronics  International  Custom  Toroids 

984  S.W.  1 3th  Court  Surface  Mount 

Pompano  Beach,  FL  33069 
305-781-8900  

Toko  America  Incorporated 
1250  Feehanville  Drive 
Mount  Prospect,  IL  60056 
312-297-0070  

Renco  Electronics  Incorporated  RL1283 
60  Jefryn  Boulevard,  East  RL1284 
Deer  Park,  NY  11 729 
800-645-5828 


Sanyo  Video  Components  OS-CON  Series 

1201  Sanyo  Avenue 
San  Diego,  CA  92073 
619-661-6322 


Nichicon  America  Corporation 

PL  Series 

927  East  State  Parkway 

Schaumberg,  IL  60173 

708-843-7500 

Sprague  Electric  Company 

150D  Solid  Tantalums 

Lower  Main  Street 

550D  Tantalex 

Sanford,  ME  04073 

207-324-4140 

Type  8RBS 


TVPICRL  RPPUCOTIOnS 


3V  to  -22V  LCD  Bias  Generator 

100nH  1N4148 

-M- 


►100Q 


2X1.5V-± 
CELLS  ~Y 


km  vi( 


SWT 


GND 


•  I2.21M 


•  L1  =  GOWANDA  GA10-103K 

COILTRONICS  CTX100-4 
FOR  5V  INPUT  CHANGE  R1  TO  47Q 
CONVERTER  WILL  DELIVER  -22V  AT  40mA. 


|22MF 


:0,1nF 


220k 


■  -22V  OUTPUT 
7mA  AT  2.0V  INPUT 
70%  EFFICIENCY 

LT1173-TAI9 
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3V  to  5V  Step-Up  Converter 

Lr 

100nH 


2  X  1.5V  -±r 
CELLS 


SW1 


1N5818 


5V  OUTPUT 
■  150mA  AT  3V  INPUT 
60mA  AT  2V  INPUT 


100(iF 


■L1=G0WAN0A  GA10-103K 

COILTRONICS  CTX100-1  (SURFACE  MOUNT) 


9V  to  5V  Step-Down  Converter 


9V 

BATTERY  -=- 


SENSE 
fiND  SW2 


L1f 
47nH 


5V  OUTPUT 
■  150mA  AT  9V  INPUT 
50mA  AT  6.5V  INPUT 


100nF 


•L1=GOWANDAGA10-472K 
COILTRONICS  CTX50-1 
FOR  HIGHER  OUTPUT  CURRENTS  SEE  LT1073  DATASHEET 


+5V  to  -5V  Converter 


5V INPUT ' 


22(lF  : 


SW1 


LT1 173-5 


-5V  OUTPUT 
75mA 


•  L1  =  G0WANDAGA10-103K 
COILTRONICS  CTX100-1 


+20V  to  5V  Step-Down  Converter 


12V-28V 


•  L1  =  GOWANDA  GA20-223K 


Telecom  Supply 


48V  DC 


JLTWM 
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TVPICRL  RPPLICflTIOnS 


"5  to  5"  Step-Up  or  Step-Down  Converter 


ioo^iH 


4  X  NICAD 

OR  3 


ALKALINE  -= 
cfi 


CELLS 


SW1 

set  aim  ao 


•L1  =  COILTRONICS  CTX100-4  V,N  =  2.6V  TO  7.2V 
 D-103K           V0UT=5V  AT  100mA 


SI9405DY 


:470nF 


+5V 

OUTPUT 


1 470nF 


2V  to  5V  at  300mA  Step-Up  Converter  with  Under  Voltage  Lockout 


L1* 

20nH,  5A 


2  X  NICAD  -=- 


100k 

2N3906  r-Wr 


2.2M 


AC  SW1 


301  kt 


100kt  ?47£J 


CMJE200  ioSoN 


*L1  =  COILTRONICS  CTX-20-5-52 
t!%  METAL  FILM 


*5V  OUTPUT 
300mA 
LOCKOUT  AT 
1.85V  INPUT 
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Voltage  Controlled  Positive-to-Negative  Converter 

LV 

0.22  MJE210  50|iH.2.5A 


-V0UT  =  -5.13.VC 
2W  MAXIMUM  OUTPUT 


39k 

  VC(0VT0  5V) 


•  L1  =  GOWANDAGT10-101 


High  Power,  Low  Quiescent  Current  Step-Down  Converter 

L1' 

MTM20P08  JSlUJi 

IT 


•  L1  =  GOWANDAGT10-100 
EFFICIENCY  >  80%  FOR  10mA  <  lL0AD  <  500mA 
STANDBY  l0<150(iA 

LT1I73-T 


3V-=- 


2  Cell  Powered  Neon  Light  Flasher 

0.02mF 


Lr 

470nH 


1N4148  1N4148 


0.02nF  I 


1N4148 

-w- 


95V  REGULATED 


XX 


100M 

-wv- 


.0.02nF 


'TOKO  262LYF-0100K 


-Wv- 


.X.  NE-2 
:S.6.^F    (£)  BUNKS  AT 
200V  W0.5H2 


xruoas 
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TECHNOLOGY 


F€RTUR€S 

■  Wide  Input  Voltage  Range  3.5V-30V 

■  Low  Quiescent  Current— 7mA 

■  Internal  8A  Switch  (10A  for  LT1270A) 

■  Very  Few  External  Parts  Required 

■  Self-Protected  Against  Overloads 

■  Shutdown  Mode  Draws  Only  100/iA  Supply  Current 

■  Flyback-Regulated  Mode  has  Fully  Floating  Outputs 

■  Comes  in  Standard  5-Pin  Package 

■  Can  be  Externally  Synchronized  (See  LT1072  Data  Sheet) 

APPUCATIOnS 

■  High  Efficiency  Buck  Converter 

■  PC  Power  Supply  with  Multiple  Outputs 

■  Battery  Upconverter 

■  Negative  to  Positive  Converter 


USER  NOTE: 

This  data  sheet  is  only  intended  to  provide  specifications,  graphs,  and  a  general  functional  description  of 
the  LT1270A/LT1270.  Application  circuits  are  included  to  show  the  capability  of  the  LT1270AJLT1270.  A 
complete  design  manual  (AN-19)  should  be  obtained  to  assist  in  developing  new  designs.  This  manual 
contains  a  comprehensive  discussion  of  both  the  LT1070  and  the  external  components  used  with  it,  as 
well  as  complete  formulas  for  calculating  the  values  of  these  components.  The  manual  can  also  be  used 
tor  the  LT1270A/LT1270  by  factoring  in  the  higher  switch  current  rating  and  higher  operating  frequency. 


8A  and  1 0A  High  Efficiency 
Switching  Regulators 

DCSCRIPTIOfl 

The  LT1270  and  LT1270A  are  monolithic  high  power 
switching  regulators.  Identical  to  the  popular  LT1070,  ex- 
cept for  switching  frequency  (60kHz)  and  higher  switch 
current,  they  can  be  operated  in  all  standard  switching 
configurations  including  buck,  boost,  flyback,  and  invert- 
ing. A  high  current,  high  efficiency  switch  is  included  on 
the  die  along  with  all  oscillator,  control,  and  protection  cir- 
cuitry. Integration  of  all  functions  allows  the  LT1270A/ 
LT1270  to  be  built  in  a  standard  TO-220  power  package. 
This  makes  it  extremely  easy  to  use  and  provides  "bust 
proof"  operation  similar  to  that  obtained  with  3-pin  linear 
regulators. 

The  LT1270A/LT1270  operates  with  supply  voltages  from 
3.5V  to  30V,  and  draws  only  7mA  quiescent  current.  By  util- 
izing current-mode  switching  techniques,  it  provides  ex- 
cellent AC  and  DC  load  and  line  regulation. 

The  LT1270A/LT1270  uses  adaptive  anti-sat  switch  drive  to 
allow  very  wide  ranging  load  currents  with  no  loss  in  effi- 
ciency. An  externally  activated  shutdown  mode  reduces 
total  supply  current  to  100/iA  typical  for  standby 
operation. 


High  Efftciencyt  Buck  Converter 


V,N(8V-25V)- 


Vsw 


470,F- 
35V- 


tEFFICIENCYIS  .  88%  82A,  86%  @5A. 

FOR,POWER  SHUTDOWN  OPTION,  CONSULT  FACTORY. 
•THESE  COMPONENTS  RATED  CONSERVATIVELY™  IMPROVE 

EFFICIENCY.  MAXIMUM  OUTPUT  CURRENT  CAN  BE7A. 

FOR  HIGH  EFFICIENCY,  THE  INDUCTOR  SHOULD  BE 

MOLYPERMALLOY  OR  FERRITE. 


r 


'MBR1035 

2N3904 


LT1431CZ  REF 
CATHODE 


1N41S8 


.1000,F 
■25V 


Maximum  Output  Power* 


I 


BOOST  / 

/BU( 

K-BOOS 
(INVER 

T,Vo=1 
TING) 

FLYBA 

:kt^ 

BUCK 

BOOST,  Vo  =  5V 

(1 

IVERTIN 

G) 

0        5        10       15       20  25 

INPUT  VOLTAGE  (V) 
•MULTIPLY  BY  1.2  FOR  LT1270A.  BUCK  MODE 

OUTPUT  POWER  »  |7.5A|  (Vout) 
TRANSFORMER  TURNS  RATIO  MUST  BE 

OPTIMUM  TO  ACHIEVE  FULL  POWER. 
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Supply  Voltage 

LT1270A/70   30V 

Switch  Output  Voltage 

LT1270A/70   60V 

Feedback  Pin  Voltage  (Transient,  1ms)  +15V 

Operating  Junction  Temperature  Range 

LT1270AC/LT1270C  (Oper.)  0°C  to  +125°C 

LT1270AC/LT1270C  (Short  Ckt.)  0°C  to  +140°C 

Storage  Temperature  Range  -  65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


o 


ORDER  PART 
NUMBER 


LT1270CT 
LT1270ACT 


€L€CTRICRL  CHRRRCT6RISTICS  V|n  =  15V,  Vc  =  0.5V,  VfB  =  Vref,  switch  pin  open,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference  Voltage 

Measured  at  Feedback  Pin 
Vc  =  0.8V 

• 

1.224 
1.214 

1.244 
1.244 

1.264 
1.274 

V 
V 

Ib 

Feedback  Input  Current 

Vfb  =  Vref 

• 

350 

750 
1100 

nA 
nA 

gm 

Error  Amplifier 
Transconductance 

Alc  =  ±25uA 

• 

3000 
2400 

4400 

6000 
7000 

j.mho 
u.mho 

Error  Amplifier  Source  or 
Sink  Current 

VC  =  1.5V 

• 

150 
120 

200 

350 
400 

uA 

u.A 

Error  Amplifier  Clamp 
Voltage 

Hi  Clamp,  VFB  =  1V 
Lo  Clamp,  VFB  =  1.5V 

1.8 
0.25 

0.38 

2.3 
0.52 

V 
V 

Reference  Voltage  Line 
Regulation 

3V<VIN<VMAX.VC  =  0.8V 

• 

0.03 

%/V 

Av 

Error  Amplifier  Voltage  Gain 

0.9V  <VC<  1.4V 

500 

800 

WV 

Minimum  Input  Voltage 

• 

2.8 

3.0 

V 

k 

Supply  Current 

3V<VIN<VMAX,Vc  =  0.6V 

7 

10 

mA 

Control  Pin  Threshold 

Duty  Cycle  =  0 

• 

0.8 
0.6 

0.9 

1.08 
1.25 

V 
V 

Normal/Flyback  Threshold 
on  Feedback  Pin 

0.4 

0.45 

0.54 

V 

Vfb 

Flyback  Reference  Voltage 

Ifb  =  50uA 

• 

15 
14 

16.3 

17.6 
18 

V 
V 

Vfb 

Change  in  Flyback 
Reference  Voltage 

0.05  <  IFb  £  1mA 

4.5 

6.8 

8.5 

V 

Flyback  Reference  Voltage 
Line  Regulation 

Ifb  =  50uA 
3V<V,N<VMAX 

0.01 

0.03 

%/V 

Flyback  Amplifier 
Transconductance  (gm) 

Alc  =  ±10nA 

150 

300 

650 

u.mho 

Flyback  Amplifier  Source 
and  Sink  Current 

Vc  =  0.6V  Source 
lFB  =  50uA  Sink 

• 
• 

15 
25 

32 
40 

70 
70 

uA 
HA 

BV 

Output  Switch  Breakdown 
Voltage 

3V<V|N<Vmax  LT1270A/LT1270 
Isw  =  5mA 

• 

60 

75 

V 
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€l€CTMCm  CHfiRflCT€RISTICS  V|N  =  15V,  Vc  =  0.5V,  Vpg  =  Vref,  switch  pin  open,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN          TYP  MAX 

UNITS 

VSAT 

Output  Switch  ON 
Resistance  (Note  1 ,  3) 

Tj<  100°C 
Tj  <  1 25°C 

0.12  0.18 
0.22 

n 
n 

Control  Voltage  to  Switch 
Current  Transconductance 

12 

A/V 

!um 

Switch  Current  Limit  (LT1270) 
(Note  3) 

Dutv  Cvrlp  -  50%  Ti<1flfl°n 
Duty  Cycle  =  80%  Tj<100°C 

• 

8  16 
6  14 

A 
A 

Ilim 

Switch  Current  Limit  (LT1270A) 
(Note  3) 

Duty  Cycle  =  50%  Tj<100°C 
Duty  Cycle  =  80%  Tj<100°C 

• 

10  16 
7.5  14 

A 
A 

AI|N 

Alsw 

Supply  Current  Increase 
During  Switch  ON  Time 

25  40 

mA/A 

f 

Switching  Frequency 

• 

50           60  70 
50  70 

kHz 
kHz 

DC  (max) 

Maximum  Switch  Duty  Cycle 

80           92  95 

% 

Flyback  Sense  Delay  Time 

1.5 

tis 

Shutdown  Mode 
Supply  Current 

3V<VIN<VMAX,  Vc  =  0.05V 

100  400 

uA 

Shutdown  Mode 
Threshold  Voltage 

3V<VIN<VMAX 

• 

100          150  250 
50  300 

mV 
mV 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  guaranteed  switch  current  is  given  by  ILim  =  6.67  (1.7  -  DC)  for  the 

temperature  range.  LT1 270  and  Ilim  =  8.33  (1 .7  —  DC)  for  the  LT1 270A. 

Note  1 :  Measured  with  Vc  in  hi  clamp,  VFb  »  0.8V.  Note  3:  Minimum  current  limit  is  reduced  by  0.5A  at  1 25°C.  1 00°C  test 

Note  2:  For  duty  cycles  (DC)  between  50%  and  80%,  minimum  limi,s  are  guaranteed  by  correlation  to  125°C  tests. 
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TYPICAL  APPLICATION 

Boost  Converter  (5V  to  12V)  Negative  to  Positive  Buck-Boost  Converter 


4-293 


NOTES 


SCTIOn  5— lflT€RFnC€ 


ITurKAB  INDEX 

J^.F      TECHNOLOGY  llNUtA 


SECTION  5— INTERFACE 

INDEX  5-2 

SELECTION  GUIDES   5-3 

PROPRIETARY  PRODUCTS 

LTC485,  Low  Power  RS485  Interface  Transceiver  5-6 

L  TC486,  Quad  Low  Power  RS485  Driver  5-16 

L  TC487,  Quad  Low  Power  RS485  Driver  5-24 

L  TC488,  Quad  RS485  Line  Receiver  13-3 

L  TC489,  Quad  RS485  Line  Receiver  13-12 

LTC490,  Low  Power  RS485  Interface  Transceiver  5-32 

LTC491,  Low  Power  RS485  Interface  Transceiver  5-40 

L  T1137A,  Advanced  Low  Power  5V  RS232  Transceiver  with  Small  Capacitors  13-52 

L  T1237,  5V  RS232  Transceiver  with  Advanced  Power  Management  and  One  Receiver  Active  in  SHUTDOWN  13-76 

LT1330,  5VRS232  Transceiver  with  3V  Logic  Interface  and  One  Receiver  Active  in  SHUTDOWN  13-99 

LTC1485,  High  Speed  RS485  Interface  Transceiver  13-103 


Interface 


RS232 


5V  Powered 


2  Drivers,  2  Receivers 


No  Shutdown 


Shutdown/3  State  RS232 
and  TTL  Outputs 


LT1081 

LT1181  (0.1mF  Caps) 
LT1281  (Very  Low  Power) 


LT1080 

LT1180  (O.luFCaps) 
LT1280  (Very  Low  Power) 


L-  Multiple  Drivers/Receivers 


No  Shutdown 


Shutdown/3  State  RS232 
and  TTL  Outputs 


LT1130  (5Dx,  5Rx) 
LT1132  (5Dx,  3Rx) 
LT1133(3Dx,  5Rx) 
LT1134(4Dx,  4Rx) 


LT1131  (5Dx,4Rx) 
LT1136(4Dx,  5Rx) 
LT1137(3Dx,  5Rx) 
LT1138  (5Dx,  3Rx) 


-  5V,  +  12V  Powered 


Shutdown/3  State  RS232 
and  TTL  Outputs 


5V,±12V  Powered 

Shutdown/3  State  RS232 
and  TTL  Outputs 

No  Shutdown 

LT1039-16  (3Dx,  3Rx) 
LT1135  (5Dx,  3Rx) 


LT1030  (4Dx,  ORx) 
LT1032  (4Dx,  ORx) 
LT1039  (3Dx,  3Rx) 
LT1140  (5Dx,  3Rx) 
LT1141  (3Dx,5Rx) 


RS485/RS422 


World's  Lowest  Power 
RS485  Devices 


LTC485  (1Dx,  1Rx)  Low  Power  75176 
LTC486  (4Dx)  Low  Power  75172 
LTC487  (4Dx)  Low  Power  75174 
LTC488  (4Rx) Low  Power  75173 
LTC489  (4Rx) Low  Power  75175 
LTC490  (1Dx,  1Rx)  Low  Power  75179 
LTC491  (1Dx,  1Rx)  Low  Power  75ALS1 80 
LTC1485  (1Dx,  1Rx)  Low  Power  75ALS1 76 


L  RS423 


5V,  +12V  Powered 


Shutdown/3  State  RS423 
Outputs 


LT1032  (4Dx,  ORx) 


RS232  &  RS422  INTERFACE  SOLUTIONS 


RS485  Family  Features 

•  Ultra  Low  Power 

•  CMOS  Schottky  Process 

•  Designed  for  RS485  and  RS422  Applications 

•  Three  State  RS485  Outputs  When  Shutdown 

•  Power  Up/Down  Glitch  Free  Outputs 

•  10MB  Operation  (LTC486-489,  LTC1485) 

•  Industry  Standard  Pinouts 

•  SOIC  Available 


RS232  Interface 

Shutdown/ 

Req'd 

RS232  and 

Fault 

Charge 

Supplies 

TTL  Three- 

Tolerant 

Pump 

Drivers 

Receivers 

Required 

to  ±25V 

Han  S i ?p 

Uul  MM  IC 1  HO 

Part  Number 

4 

0 

±12  V 

Yes 

Yes 

N/A 

1  nw  Pwr  14ftfi  I  Innrarlp 
luw  rwi  itou  uuyiauc 

LT1030 

4 

0 

±12  V 

Yes 

Yes 

N/A 

1  nuu  Puur  14RR  I  Innrarip  fllcn  cunnnrtc 

LUW  r  W I   I  'tOO  Upy  I  due  nlaU  oil  UUU!  lo  nOHtO 

LT1032 

3 

3 

+5V.+12V 

Yes 

Yes 

N/A 

0n6  Rficsivsr  Activs  in  Shutdown 

LT1039 

3 

3 

+5V,  ±12  V 

No 

Yes 

N/A 

Runnprl  MH14(i4nfi  Rpnlarprnpnt 

nuyycu  tvi\j  itutuu  nc-uiuoci i ici pi 

LT1039-16 

2 

2 

+5V 

Yes 

Yes 

1nF 

Rpnpral  Pnrnn<;p  Intprfarp 

LT1080 

2 

2 

+5V 

No 

Yes 

tup 

Runnprl  MAX91?  Rpnlarpmpnt 

nuyycu  Pvirv\£jt  ncpiaucii icni 

LT1081 

5 

5 

+5V 

No 

Yes 

1nF 

^wnrhmnm ic  fnmmnniratinnc 

uy  MUMI  UMUUO  UUM  IM 1 U  MIUaMUMo 

LT1130 

5 

4 

+5V 

Yes 

Yes 

ti# 
lyr 

^unrhrnnni k  Mnrlpm/nflF  Infprfarp 

OyMUMIUMUUO  IvIUUCIM/UwL  H  1  LCI  1  dbC 

LT1131 

5 

3 

+5V 

No 

Yes 

1nF 

Mnrtpm/nPF  Intprfarp 

LT1132 

3 

5 

+5V 

No 

Yes 

0.1  uf 

PC/DTE  Interface 

LT1133 

4 

4 

+5V 

No 

Yes 

iji 

5V  only  1488/1489  Replacement 

LT1134 

5 

3 

+5V,  ±12  V 

No 

Yes 

N/A 

Modem/DCE  Interface 

LT1135 

4 

5 

+5V 

Yes 

Yes 

1uf 

Synchronous  PC/DTE  Interface 

LT1136 

3 

5 

+5V 

Yes 

Yes 

O.lpF 

PC/  DTE  Interface 

LT1137 

5 

3 

+5V 

Yes 

Yes 

1|* 

Modem/  DCE  Interface 

LT1138 

4 

4 

+5V,±12V 

Yes 

Yes 

1|# 

1488/1489  Replacement 

LT1139 

5 

3 

+5V.  +  12V 

Yes 

Yes 

N/A 

Modem/  DCE  Interface 

LT1140 

3 

5 

+5V,±12V 

Yes 

Yes 

N/A 

PC/  DTE  Interface 

LT1141 

2 

2 

+5V 

Yes 

Yes 

0.1mF 

Ideal  For  Surface  Mount 

LT1180 

2 

2 

+5V 

No 

Yes 

0.1mF 

Ideal  For  Surface  Mount 

LT1181 

2 

2 

+5V 

Yes 

Yes 

1pF 

Low  Power  LT1 080 

LT1280 

2 

2 

+5V 

No 

Yes 

Iff 

Low  Power LT1 081 

LT1281 

RS485/RS422  Interface 

Max 

Industry 

Supplies 

Max 

Supply 

Standard 

Drivers 

Receivers 

Required 

Data  Rate 

Current 

Pinout 

Comments 

Part  Number 

1 

1 

+5V 

2.5MB 

500uA 

75176 

Half  Duplex  2  Wire  RS485 

LTC485 

4 

0 

+5V 

10MB 

150uA 

75172 

Good  ForV.35  Interface 

LTC486 

4 

0 

+5V 

10MB 

150uA 

75174 

Good  ForV.35  Interface 

LTC487 

0 

4 

+5V 

10MB 

10mA 

75173 

Good  For  V.35  Interface 

LTC488 

0 

4 

+5V 

10MB 

10mA 

75175 

Good  For  V.35  Interface 

LTC489 

1 

1 

+5V 

2.5MB 

500mA 

75179 

Full  Duplex  4  Wire  RS485 

LTC490 

1 

1 

+5V 

2.5MB 

500mA 

75ALS180 

Full  Duplex  4  Wire  RS485 

LTC491 

1 

1 

+5V 

10MB 

3.5mA 

75ALS176B 

High  Speed  /  Halt  Duplex 

LTC1485 

RS232  Family  Features 

•  Absolutely  No  Latch  Up 

•  CMOS  Comparable  Low  Power  (80mW) 

•  Operates  From  a  Single  5V  Supply 

•  Operates  Over  64K  Baud 

•  Outputs  Can  be  Forced  to  +30V  Without  Damage 

•  Three  State  RS232  and  TTL  Outputs  When  Off 

•  Only  Needs  1  uf  Capacitors 

•  Easy  PC  Board  Layout  (Flow  Through  Pinout) 

•  1uA  Supply  Current  in  Shutdown  Mode 

•  SOIC  Available 


RS232  &  RS422  INTERFACE  SOLUTIONS 


LTC  RS232  ADVANTAGE 

Inexpensive, 
Small  Charge 


i  No  Latch  Up 


Highly  Integrated 

Many  Drivers  and 
Receivers  per 
Package 


LTC  RS485  ADVANTAGE 


EB3 

no„« 

75176      LTC485  75172/4  LTC486/7 

♦  T 

Ultra  Low  Supply  Current 


Complete  Software  Selectable  Universal  DTE/DCE  RS232 
Interface:  NO  Jumpers  or  DIP  Switches  Required 





Typical  Interconnection  Schemes 


DTE 


^*3- 


RTS 


CTS 


_DSR 


PCD 


■C*>-  § 


-ts= 

§-<£ 
-CS= 


LINES 

SD 


353- 
£>- 

33~S 

2^ 
Z>- 
33- 
33- 


-tS: 

-<<■ 


1  28 


-O 
-ts= 

-4 


V.35 
LINES 

SD 


=33- 

htsw 
H<3-  o 


SCT 


!=£>- 
=53- 


=53- 


-C2: 

-CS= 
-<6 


^*3- 


RS449 
LINES 

SD 


-£2=  =  RS422  or  RS485  Receivers 
r$>-  =  RS422  or  RS485  Drivers 


— [>o-  =  RS232  Driver  or  Receiver 


=53- 

=3> 

=53- 
=53- 
=53- 

=a> 

=53- 
=S3- 
h*3- 
-t»- 


XTUM 
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TECHNOLOGY 


Low  Power:  Ice  =  300>A  Typ 

Designed  for  RS485  Interface  Applications 

Single  +5V  Supply 

-7Vto  +  12V  Bus  Common  Mode  Range  Permits  ±7V 

Ground  Difference  Between  Devices  on  the  Bus 

Thermal  Shutdown  Protection 

Power  Up/Down  Glitch-Free  Driver  Outputs  Permit  Live 

Insertion  or  Removal  of  Transceiver 

Driver  Maintains  High  Impedance  in  Three-State  or  With 

the  Power  Off 

Combined  Impedance  of  a  Driver  Output  and  Receiver 
Allows  Up  to  32  Transceivers  on  the  Bus 
70mV  Typical  Input  Hysteresis 
30ns  Typical  Driver  Propagation  Delays  with  5ns  Skew 
Pin  Compatible  with  the  SN75176A,  DS75176A  and 
MA96176 


APPUCATIOnS 


 LTC485 

Low  Power  RS485  Interface 
Transceiver 

D€SCMPTIOn 

The  LTC485  is  a  low  power  differential  bus/line  transceiver 
designed  for  multipoint  data  transmission  standard  RS485 
applications  with  extended  common  mode  range  ( +  12V  to 
-  7V).  It  also  meets  the  requirements  of  RS422. 

The  CMOS  design  offers  significant  power  savings  over 
its  bipolar  counterpart  without  sacrificing  ruggedness 
against  overload  of  ESD  damage. 

The  driver  and  receiver  feature  three-state  outputs,  with 
the  driver  outputs  maintaining  high  impedance  over  the 
entire  common  mode  range.  Excessive  power  dissipation 
caused  by  bus  contention  or  faults  is  prevented  by  a  ther- 
mal shutdown  circuit  which  forces  the  driver  outputs  into 
a  high  impedance  state. 

The  receiver  has  a  fail  safe  feature  which  guarantees  a 
high  output  state  when  the  inputs  are  left  open. 

The  LTC485  is  fully  specified  over  the  commercial  and  ex- 
tended industrial  temperature  range. 


Low  Power  RS485/RS422  Transceiver 
Level  Translator 
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rbsolutc  mflximum  rrtihgs 

(Note  1) 

Supply  Voltage  (VCc)  12V 

Control  Input  Voltages  -  0.5V  to  Vcc  +  0.5V 

Driver  Input  Voltage  -  0.5V  to  Vcc  +  0.5V 

Driver  Output  Voltages  ±  14V 

Receiver  Input  Voltages  ±  14V 

Receiver  Output  Voltage  -  0.5V  to  Vcc  +  0.5V 

Operating  Temperature  Range 

LTC485I  -40°C<TA<85°C 

LTC485C  0°C<TA<70°C 

LTC485M  -55°C<TA<125°C 


PRCKRGC/ORDCR  inFORflMTIOn 


J8  PACKAGE 
HEAD  CERAMIC  DIP 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LTC485CN8 

LTC485IN8 

LTC485CS8 

LTC485IS8 

LTC485CJ8 

LTC485MJ8 


S8  PART  MARKING 


485 
485I 


DC  €l€CTRICfll  CHRRRCTCRISTICS  vcc=5v±5%{Notes2and3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC485C,  LTC465I 
MIN       TYP  MAX 

UNITS 

V0D1 

Differential  Driver  Output  Voltage 
(Unloaded) 

lo  =  0 

• 

5 

V 

V0D2 

Differential  Driver  Output  Voltage 
(with  Load) 

R  =  50B;(RS422) 

2 

V 

R  =  27B;(RS485),  Figure  1 

1.5  5 

AVoo 

Change  in  Magnitude  of  Driver 
Differential  Output  Voltage  for 
Complementary  Output  States 

R  =  27QorR  =  50fl,  Figure  1 

0.2 

V 

Voc 

Driver  Common  Mode  Output  Voltage 

R  =  27SIorR  =  50fi,  Figure  1 

3 

V 

A|Vocl 

Change  in  Magnitude  of  Driver 
Common  Mode  Output  Voltage 
for  Complementary  Output  States 

R  =  27florR  =  50!i,  Figure  1 

0.2 

V 

VlH 

Input  High  Voltage 

DE,  Dl,  RE 

2.0 

V 

VlL 

Input  Low  Voltage 

DE,  Dl,  RE 

0.8 

V 

l|N1 

Input  Current 

DE,  Dl,  RE 

±2 

„A 

to 

Input  Current  (A,  B) 

DE  =  0,Vcc  =  0 
or  5.25 

VIN  =  12V 

+  1.0 

mA 

VlN=-7V 

-0.8 

Vth 

Differential  Input  Threshold  Voltage  for 
Receiver 

-7V<VCM<  +  12V 

-0.2  +0.2 

V 

AVT„ 

Receiver  Input  Hysteresis 

vCM=ov 

70 

mV 

V0H 

Receiver  Output  High  Voltage 

l0=  -4mA,V,D=  +200mV 

3.5 

V 

Vol 

Receiver  Output  Low  Voltage 

lo=+4mA,VID=-200mV 

0.4 

V 

!0ZR 

Three-State  (High  Impedance)  Output 
Current  at  Receiver 

Vcc  =  Max,0.4<Vo<2.4 

±1 

"in 

Receiver  Input  Resistance 

-7V<VCM<  +  12V 

12 

Ice 

Supply  Current 

No  Load,  Pins  2, 
3,4  =  0Vor5V 

Outputs  Enabled 

500  900 

k 

Outputs  Disabled 

300  500 

tasoi 

Driver  Short-Circuit  Current,  V0ut  =  HIGH 

-7V<V0<  +  12V 

35  250 

mA 

l0SD2 

Driver  Short-Circuit  Current,  V0UT  =  LOW         -  7V  <  V0<  +  1 0V 

35  250 

mA 

>OSR 

Receiver  Short-Circuit  Current  0V<Vo<Vcc 

7  85 

mA 
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SWITCHING  CHRRRCT€RISTICS  VCc  =  5V±5%(Notes2and3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC485C,  LTC485I 
MIN      TYP  MAX 

UNITS 

IPLH 

Driver  Input  to  Output 

"DIFF  -             -  Ul2  -  1  UUpr, 

10 

30 

60 

ns 

'PHL 

Driver  Input  to  Output 

(Figures  3  and  5) 

10 

30 

60 

'skew 

Driver  Output  to  Output 

5 

10 

tfl,tF 

Driver  Rise  or  Fall  Time 

3 

15 

40 

tzH 

Driver  Enable  to  Output  High 

CL  =  100pF  (Figures  4  and  6)  S2  Closed 

40 

70 

ns 

tzi 

Driver  Enable  to  Output  Low 

CL  =  100pF  (Figures  4  and  6)  S1  Closed 

40 

70 

ns 

Driver  Disable  Time  from  Low 

CL= 1SpF  (Figures  4  and  6)  S1  Closed 

40 

70 

ns 

Ihz 

Driver  Disable  Time  from  High 

CL=15pF  (Figures  4  and  6)  S2  Closed 

40 

70 

ns 

'pLH 

Receiver  Input  to  Output 

RD1FF=54fi,  CL1  =  CL2  =  100pF, 

30 

90 

200 

ns 

'PHL 

Receiver  Input  to  Output 

(Figures  3  and  7) 

30 

90 

200 

ns 

•SKD 

I'PLH-tpHlJ 

Differential  Receiver  Skew 

13 

ns 

ta 

Receiver  Enable  to  Output  Low 

CHL  =  1 5pF  (Figures  2  and  8)  S1  Closed 

20 

50 

ns 

t2H 

Receiver  Enable  to  Output  High 

CHL  =  15pF  (Figures  2  and  8)  S2  Closed 

20 

50 

ns 

tz 

Receiver  Disable  from  Low 

CRL  =  15pF  (Figures  2  and  8)  S1  Closed 

20 

50 

ns 

tHZ 

Receiver  Disable  from  High 

CRL  =  15pF  (Figures  2  and  8)  S2  Closed 

20 

50 

ns 

The  •  denotes  specifications  which  apply  over  the  full  operating  Note  2:  All  currents  into  device  pins  are  positive;  all  currents  out  of  device 

temperature  range.  pins  are  negative.  All  voltages  are  referenced  to  device  ground  unless 

Note  1:  "Absolute  Maximum  Ratings"  are  those  beyond  which  the  safety  of  otherwise  specified. 

the  device  cannot  be  guaranteed.  Note  3:  AN  typica|S  are  given  for  vcc= 5V  and  TA  =  25°C. 


T€ST  CIRCUITS 


Figurel.  Driver  DC  Test  Load  Figure  2.  Receiver  Timing  Test  Load 


Figure  3.  Driver/Receiver  Timing  Test  Circuit  Figure  4.  Driver  Timing  Test  Load  #2 
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swiTcmnG  Time  unvcFORms 


Vo  ■ 
ov  ■ 
-Vo  ■ 


1 


_L_L 


1/2  Vo 


-tSKEW 


f  =  1MHz:tR<10ns:tF<1( 


Vdiff  =  V(A)-V(B) 


urel 


Figure  5.  Driver  Propagation  Delays 


tPHL" 


1/2  Vo 
I 


— »"|  \*  tSKEW 
\  20% 


ov  ■ 

5V  ■ 


A,  B 


Vol 


2.3V 


(=1MHz:tR<10ns:tF<10ns 
OUTPUT  NORMALLY  LOW 


VOH  — 

A.  B 

OV  — 


0.5V 


OUTPUT  NORMALLY  HIGH 


Figure  6.  Driver  Enable  and  Disable  Times 


tHZ- 


VOH 


-VOD2 


1 


OUTPUT 


f=1MHz:lR<10ns:  tF<10ns 
INPUT 


Figure  7.  Receiver  Propagation  Delays 


IPLH- 


ov 

5V  ■ 


tZL- 


1 


f  =  1MHz:  tR<10ns:tF<10ns 


OUTPUT  NORMALLY  LOW 


OUTPUT  NORMALLY  HIGH 


0.5V 


tZH~ 


Figure  8.  Receiver  Enable  and  Disable  Times 


LTC485 


Funaion  mines 

LTC485  Transmitting 


pin  Functions 


INPUTS 

LINE 
CONDITION 

OUTPUTS 

RE 

DE 

Dl 

B 

A 

X 

1 

1 

No  Fault 

0 

1 

X 

1 

0 

No  Fault 

1 

0 

X 

0 

X 

X 

z 

z 

X 

1 

X 

Fault 

z 

z 

LTC485  Receiving 


INPUTS 

OUTPUTS 

RE 

DE 

A-B 

R 

0 

0 

>+0.2V 

1 

0 

0 

S-0.2V 

0 

0 

0 

Inputs  Open 

1 

1 

0 

X 

z 

PIN  « 

NAME 

DESCRIPTION 

1 

RO 

Receiver  Output.  If  the  receiver  output  is  enabled 
(RE  low),  then  if  A  >  B  by  200mV,  RO  will  be  high.  If 
A<B  by200mV,  then  RO  will  be  low. 

2 



RE 

Receiver  Output  Enable.  A  low  enables  the 

rprpivpr  nntniit  RO  A  hinh  innilt  fnrfPS  thp 

receiver  output  into  a  high  impedance  state. 

3 

DE 

Driver  Outputs  Enable.  A  high  on  DE  enables  the 
driver  output.  A  and  B,  and  the  chip  will  function 
as  a  line  driver.  A  low  input  will  force  the  driver 
outputs  into  a  high  impedance  state  and  the  chip 
will  function  as  a  line  receiver. 

4 

Dl 

Driver  Input.  If  the  driver  outputs  are  enabled  (DE 
high),  then  a  low  on  Dl  forces  the  outputs  A  low 
and  B  high.  A  high  on  Dl  with  the  driver  outputs 
enabled  will  force  A  high  and  B  low. 

5 

GND 

Ground  Connection. 

6 

A 

Driver  Output/Receiver  Input. 

7 

B 

Driver  Output/Receiver  Input. 

8 

Vcc 

Positive  Supply;  4.75  <  Vcc  <  525 

typical  pcRFonmnnce  charrctcristics 


Receiver  Output  Low  Voltage  vs 
Output  Current  Ta  =  25"C 


Receiver  Output  High  Voltage  vs 
Output  Current  TA  =  25°C 


Receiver  Output  High  Voltage  vs 
Temperature  @l  =  8mA 


0.5  1.0  1.5 

OUTPUT  VOLTAGE  (V) 


OUTPUT  VOLTAGE  (V) 


0  25  50  75 
TEMPERATURE  CO 
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typical  pcRFORmnnce  cHnnncn 


Receiver  Output  Low  Voltage  vs 
Temperature  @l  =  8mA 


Driver  Differential  Output  Voltage 
vs  Output  Current  TA  =  25°C 


Driver  Differential  Output  Voltage 
vs  Temperature  Rl  =  541! 


-50  -  25      0      25      50      75     100  125 
TEMPERATURE  (°C| 


12  3  4 

OUTPUT  VOLTAGE(V) 


50   -  25      0  25 

TEMPERATURE  (°C) 


Driver  Output  Low  Voltage  vs 
Output  Current  TA  =  25°C 


Driver  Output  High  Voltage  vs 
Output  Current  TA=25°C 


1  2  3 

OUTPUT  VOLTAGE  (V) 


1  2 

OUTPUT  VOLTAGE  (V) 


TTL  Input  Threshold  vs 
Temperature 


.  1.62 
1.61 
160 
59 
1.58 

;  1.57 

1.56 


25      50      75      100  125 


Receiver  |  tpLH  —  tpHL  j  vs 
Temperature 


Driver  Skew  vs  Temperature 


-50  -  25      0      25      50      75     100  125 
TEMPERATURE  (°C) 


0  25  50  75 
TEMPERATURE  (°C) 


Supply  Current  vs  Temperature 


1RIVER 

ENAB 

ED 

/ 

J- 

DRIVER 

DISABLED  _ 

0  25  50  75 
TEMPERATURE  CQ 


LTC485 
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Basic  Theory  of  Operation 

Previous  RS485  transceivers  have  been  designed  using 
bipolar  technology  because  the  common  mode  range  ot 
the  device  must  extend  beyond  the  supplies  and  the 
device  must  be  immune  to  ESD  damage  and  latchup.  Un- 
fortunately, the  bipolar  devices  draw  a  large  amount  of 
supply  current,  which  is  unacceptable  for  the  numerous 
applications  that  require  low  power  consumption.  The 
LTC485  is  the  first  CMOS  RS485/RS422  transceiver  which 
features  ultra  low  power  consumption  without  sacrificing 
ESD  and  latchup  immunity. 

The  LTC485  uses  a  proprietary  driver  output  stage,  which 
allows  a  common  mode  range  that  extends  beyond  the 
power  supplies  while  virtually  eliminating  latchup  and 
providing  excellent  ESD  protection.  Figure  9  below  shows 
the  LTC485  output  stage  while  Figure  10  shows  a  conven- 
tional CMOS  output  stage. 

When  the  conventional  CMOS  output  stage  of  Figure  10 
enters  a  high  impedance  state,  both  the  P-channel  (P1) 
and  the  N-channel  (N1)  are  turned  off.  If  the  output  is  then 
driven  above  Vcc  or  below  ground,  the  P  +  /N-well  diode 
(D1)  or  the  N  +  /P-substrate  diode  (D2)  respectively  will  turn 


on  and  clamp  the  output  to  the  supply.  Thus,  the  output 
stage  is  no  longer  in  a  high  impedance  state  and  is  not 
able  to  meet  the  RS485  common  mode  range  requirement. 
In  addition,  the  large  amount  of  current  flowing  through  ei- 
ther diode  will  induce  the  well  known  CMOS  latchup 
condition,  which  could  destroy  the  device. 

The  LTC485  output  stage  of  Figure  9  eliminates  these 
problems  by  adding  two  Schottky  diodes,  SD3  and  SD4. 
The  Schottky  diodes  are  fabricated  by  a  proprietary 
modification  to  the  standard  N-well  CMOS  process.  When 
the  output  stage  is  operating  normally,  the  Schottky 
diodes  are  forward  biased  and  have  a  small  voltage  drop 
across  them.  When  the  output  is  in  the  high  impedance 
state  and  is  driven  above  Vcc  or  below  ground,  the  para 
sitic  diodes  D1  or  D2  still  turn  on,  but  SD3  or  SD4  will  re 
verse  bias  and  prevent  current  from  flowing  into  the  N-wel 
or  the  substrate.  Thus,  the  high  impedance  state  is  mam 
tained  even  with  the  output  voltage  beyond  the  supplies. 
With  no  minority  carrier  current  flowing  into  the  N-well  or 
substrate,  latchup  is  virtually  eliminated  under  power-up 
or  power-down  conditions. 


Figure  9.  LTC485  Output  Stage 


Figure  10.  Conventional  CMOS  Output  Stage 
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The  LTC485  output  stage  will  maintain  a  high  impedance 
state  until  the  breakdown  of  the  N-channel  or  P-channel  is 
reached  when  going  positive  or  negative  respectively.  The 
output  will  be  clamped  to  either  Vrx  or  ground  by  a  zener 
voltage  plus  a  Schottky  diode  drop,  but  this  voltage  is  way 
beyond  the  RS485  operating  range.  This  clamp  protects 
the  MOS  gates  from  ESD  voltages  well  over  2000V.  Be- 
cause the  ESD  injected  current  in  the  N-well  or  substrate 
consists  of  majority  carriers,  latchup  is  prevented  by  care- 
ful layout  techniques. 


Propagation  Delay 

Many  digital  encoding  schemes  are  dependent  upon  the 
difference  in  the  propagation  delay  times  of  the  driver  and 
the  receiver.  Using  the  test  circuit  of  Figure  13,  Figures  11 
and  1 2  show  the  typical  LTC485  receiver  propagation  delay. 


The  receiver  delay  times  are: 
|tpLH-tpHL|=9nsTyp,Vcc: 


5V 


The  driver  skew  times  are: 

Skew  =  5ns  Typ,Vcc=5V 

10ns  Max,  VCc  =  5V,  TA  =  -  40°C  to  85°C 


DRIVER 
OUTPUTS 


Figure  11. 


Figure  12.  Receiver  tpLH 


TTLIN 

tR,  tp<6ns 


WOpf 

raopF  ~z 


3^ 


RECEIVER 
OUT 


Figure  13.  Receiver  Propagation  Delay  Test  Circuit 


LTC485 


APPLICATION  lAFOftmATIOn 

LTC485  Line  Length  vs  Data  Rate 

The  maximum  line  length  allowable  for  the  RS422/RS485 
standard  is  4000  feet. 


Figure  14.  Line  Length  Test  Circuit 


Using  the  test  circuit  of  Figure  14,  Figures  15  and  16  show 
that  with  ~20Vp-p  common  mode  noise  injected  on  the  line, 
the  LTC485  is  able  to  reconstruct  the  data  stream  at  the  end 
of  4000  feet  of  twisted  pair  wire. 


Figure  15.  System  Common  Mode  Voltage  @  19.2kHz 


Figure  16.  System  Differential  Voltage  @  19.2kHz 


Figures  17  and  18  show  that  the  LTC485  is  able  to  comfort- 
ably drive  4000  feet  of  wire  at  110kHz. 


Figure  17.  System  Common  Mode  Voltage  @110kHz 


Figure  18.  System  Differential  Voltage  •  110kHz 


When  specifying  line  length  vs  maximum  data  rate  the  curve 
in  Figure  19  should  be  used: 


10k  10Ok  1M    2.5M  10M 

MAXIMUM  DATA  RATE 


Figure  19.  Cable  Length  vs  Maximum  Data  Rate 
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TYPICAL  APPUCATIOn 


Typical  RS485  Network 


3^ 
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TECHNOLOGY 


LTC486 


Quad  Low  Power 
RS485  Driver 


■  Very  Low  Power:  Ice  =  1 1 0juA  Typ. 

■  Designed  for  RS485  or  RS422  Applications 

■  Single  +5V  Supply 

■  -7V  to  +1 2V  Bus  Common  Mode  Range  Permits  ±7V 
GND  Difference  Between  Devices  on  the  Bus 

■  Thermal  Shutdown  Protection 

■  Power-Up/Down  Glitch-Free  Driver  Outputs  Permit 
Live  Insertion/Removal  of  Package 

■  Driver  Maintains  High  Impedance  in  Three-State  or 
with  the  Power  Off 

■  28ns  Typical  Driver  Propagation  Delays  with  5ns 
Skew 

■  Pin  Compatible  with  the  SN75172,  DS96172, 
HA96172,  and  DS96F172 

nppucOTions 

■  Low  Power  RS485/RS422  Drivers 

■  Level  Translator 


D€SCRIPTIOn 

The  LTC486  is  a  low  power  differential  bus/line  driver 
designed  formultipoint  data  transmission  standard  RS485 
applications  with  extended  common  mode  range  (+1 2V  to 
-7V).  It  also  meets  RS422  requirements. 

The  CMOS  design  offers  significant  power  savings  over  its 
bipolar  counterpart  without  sacrificing  ruggedness  against 
overload  or  ESD  damage. 

The  driver  features  three-state  outputs,  with  the  driver 
outputs  maintaining  high  impedance  over  the  entire  com- 
mon mode  range.  Excessive  power  dissipation  caused  by 
bus  contention  or  faults  is  prevented  by  a  thermal  shut- 
down circuit  which  forces  the  driver  outputs  into  a  high 
impedance  state. 

Both  AC  and  DC  specifications  are  guaranteed  from  0°C  to 
70°C  and  over  the  4.75V  to  5.25V  supply  voltage  range. 


topical  nppucfflion 


RS48S  Cable  Length  Specification* 

10k 


\     Tl20Q        yYVV  Tl20Si 

>  ^  AAA  A  ^4 


4000  FT  BELDEN  9841 


1/4  LTC486 


RECEIVER  >^ —  RO 
1/4  LTC488 

LTC4HS.TA01 


100k  1M    2.5M  10M 

DATA  RATE  (bps) 

LTC4B6.TAM 

•  APPLIES  FOR  24  GAUGE.  POLYETHYLENE 
DIELECTRIC  TWISTED  PAIR 
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rbsolutc  maximum  rrtkigs 

(Hotel) 

Supply  Voltage  (Vcc)  12V 

Control  Input  Voltages  -0.5V  to  Vcc  +  0.5V 

Driver  Input  Voltages  -0.5V  to  VCc  +  0.5V 

Driver  Output  Voltages  ±14V 

Control  Input  Currents  ±25mA 

Driver  Input  Currents  +25mA 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  IflFORmflTIOn 


N  PACKAGE  S  PACKAGE 

16-LEAD  PLASTIC  DIP  16-LEAD  PLASTIC  £ 


ORDER  PART 
NUMBER 


LTC486CN 
LTC486CS 


DC  €l€CTRICfll  CHRRRCTCRISTICS  Vcc  =  5V  ±5%,  0  C  <  Temperature  <  70  C  (Note  2,  3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V001 

Differential  Driver  Output  Voltage  (Unloaded) 

1  =  0 

5 

V 

V()D2 

Differential  Driver  Output  Voltage  (With  Load) 

R  =  50Q;  (RS422) 

2 

V 

R  =  27Q;  (RS485)  (Figure  1) 

1.5 

5 

V 

V0D 

Change  in  Magnitude  of  Driver  Differential 
Output  Voltage  for  Complementary  Output  States 

R  =  27Q  or  R  =  50Q 
(Figure  1) 

0.2 

V 

Voc 

Driver  Common  Mode  Output  Voltage 

3 

IV0CI 

Change  in  Magnitude  of  Driver  Common  Mode 
Output  Voltage  for  Complementary  Output  States 

0.2 

V,H 

Input  High  Voltage 

Dl,  EN,  EN 

2.0 

V 

VlL 

Input  Low  Voltage 

0.8 

V 

l|N1 

Input  Current 

±2 

uA 

ice 

Supply  Current 

No  Load 

Output  Enabled 

110 

200 

pj\ 

Output  Disabled 

110 

200 

l0SD1 

Driver  Short  Circuit  Current,  V0ut  =  High 

-7V<V0<+12V 

250 

mA 

l0SD2 

Driver  Short  Circuit  Current,  Vout  =  Low 

-7V<V0<+12V 

250 

mA 

loz 

High  Impedance  State  Output  Current 

V0  =  -7Vto12V 

±2 

±200 

u.A 

SWITCHMG  CHRRRCTCRISTICS  Vcc  =  5V  ±5%,  0  C  <  Temperature  <  70  C  (Note  2,  3) 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH 

Driver  Input  to  Output 

RpiFF  =  54£2,  Cli  =  Cl2 

=  lOOpF 

20 

28 

60 

ns 

tpHL 

Driver  Input  to  Output 

(Figures  2, 4) 

20 

28 

60 

tSKEW 

Driver  Output  to  Output 

5 

15 

tr.t, 

Driver  Rise  or  Fall  Time 

5 

15 

71 

tZH 

Driver  Enable  to  Output  High 

CL  =  100pF  (Figures  3,  5)  S2  Closed 

35 

70 

ns 

tZL 

Driver  Enable  to  Output  Low 

CL  =  1 0OpF  (Figures  3,  5)  S1  Closed 

44 

75 

ns 

tLZ 

Driver  Disable  Time  from  Low 

CL  =  1 5pF  (Figures  3,  5)  S1  Closed 

55 

92 

ns 

tHZ 

Driver  Disable  Time  from  High 

CL  =  15pF  (Figures  3,  5)  S2  Closed 

45 

75 

ns 

Note  1:  "Absolute  Maximum  Ratings"  are  those  beyond  which  the  safety  pins  are  negative.  All  voltages  are  referenced  to  device  ground  unless 
of  the  device  cannot  be  guaranteed.  otherwise  specified. 

Note  2:  All  currents  into  device  pins  are  positive;  all  currents  out  of  device       Note  3:  All  typicals  are  given  for  Vcc  =  5V  and  Temperature  =  25°C. 


LTC486 


INPUT 

ENABLES 

OUTPUTS 

Dl 

EN 

EN 

OUTA 

OUTB 

H 

H 

X 

H 

L 

L 

H 

X 

L 

H 

H:  High  Level 

H 

X 

L 

H 

L 

L:  Low  Level 

L 

X 

L 

L 

H 

X:  Irrelevant 

X 

L 

H 

Z 

Z 

Z:  High  Impedance  (Off) 

ions 


DI1  (Pin  1):  Driver  1  input.  If  Driver  1  is  enabled,  then  a  low 
onDU  forcesthe  driveroutputs  D01 A  lowand  D01 B  high. 
A  high  on  DI1  with  the  driver  outputs  enabled  will  force 
D01A  high  and  DOIBIow. 

D01A(Pin  2):  Driver  1  output. 

D01B  (Pin  3):  Driver  1  output. 

EN  (Pin  4):  Driver  outputs  enabled.  See  Function  Table  for 
details. 

D02B  (Pin  5):  Driver  2  output. 
D02A(Pin  6):  Driver  2  output. 
DI2  (Pin  7):  Driver  2  input.  Refer  to  DI1 . 


GND  (Pin  8):  Ground  connection. 

DI3  (Pin  9):  Driver  3  input.  Refer  to  DI1 . 

D03A  (Pin  10):  Driver  3  output. 

D03B  (Pin  11):  Driver  3  output. 

EN  (Pin  12):  Driver  outputs  disenabled.  See  Function 
Table  for  details. 

D04B  (Pin  13):  Driver  4  output. 

D04A  (Pin  14):  Driver  4  output. 

DI4  (Pin  15):  Driver  4  input.  Refer  to  DM. 

VCc  (Pin  16):  Positive  supply;  4.75  <  VCc  <  5.25. 





T€ST  CIRCUITS 


1 


UNDER  TEST  T~~ 

h4  t 


AAA/- 


1 


LTC4S6  -  TAM 


Figure  1 .  Driver  DC  Test  Load 


Figure  2.  Driver  Timing  Test  Circuit 


Figure  3.  Driver  Timing  Test  Load  #2 
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SUITCHIRG  Tim€  UIRV€FORmS 


3V- 


f  =  1  MHz :  tr  <  10ns  :tf  <  10ns 


3i 


3£ 


1/2  V0        —|    |— tSKEw 


80% 

10% 


VDlFF  =  V(A)-V(B) 


Figure  4.  Driver  Propagation  Delays 


'sr90% 


ov- 

5V- 
A,  B 

Vni  - 


«0H- 


A,  B 


1=  1MHz:tr  <  10ns  :t|  <  10ns 


OUTPUT  NORMALLY  LOW 


7f  2.3V  OUTPUT  NORMAl 


Figure  5.  Driver  Enable  and  Disable  Times 


1  0.5V 


TVPICflL  P€RFORmnnC€  CHRRRCTCRISTICS 


Driver  Output  High  Voltage  vs 
Output  Current  TA  =  25°C 


Driver  Differential  Output  Voltage  vs 
Output  Current  TA  =  25°C 


0  12  3  4 

OUTPUT  VOLTAGE  (V)  ltc«*.tpco, 

TTL  Input  Threshold  vs  Temperature 


0  12  3  4 

OUTPUT  VOLTAGE  (V)  ltcm-tpco! 

Driver  Skew  vs  Temperature 


1.55 


=  3.0 


-50  0  50  100 

TEMPERATURE  (°C  )  ltcw-ik» 


-50  0  50  100 

TEMPERATURE  ("C  )  ltcm-tpgos 


Driver  Output  Low  Voltage  vs 
Output  Current  TA  =  25  C 


12  3  4 

OUTPUT  VOLTAGE  (V)  UTOu».- 

Supply  Current  vs  Temperature 


-50  0  50  100 

TEMPERATURE  (°C )  Lita.ime 
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TYPICAL  P€RFORmnnC€  CHRfinCT€RISTICS 


Driver  Differential  Output  Voltage  vs 
Temperature  Rg  =  54n 


1.5  1  1  1  1  1  1  1  1 

-50  0  50  100 

TEMPERATURE  (°C ) 

 LTCW-TPC07 


flpPLicnnons  inFORmnnon 

Typical  Application 

A  typical  connection  of  the  LTC486  is  shown  in  Figure  6. 
A  twisted  pair  of  wires  connect  up  to  32  drivers  and 
receivers  for  half  duplex  data  transmission.  There  are  no 
restrictions  on  where  the  chips  are  connected  to  the  wires, 
and  it  isn't  necessary  to  have  the  chips  connected  at  the 
ends.  However,  the  wires  must  be  terminated  only  at 
the  ends  with  a  resistor  equal  to  their  characteristic 
impedance,  typically  120O.  The  optional  shields  around 
the  twisted  pair  help  reduce  unwanted  noise,  and  are 
connected  to  GND  at  one  end. 


Thermal  Shutdown 

The  LTC486  has  a  thermal  shutdown  feature  which  pro- 
tects the  part  from  excessive  power  dissipation.  If  the 
outputs  of  the  driver  are  accidently  shorted  to  a  power 
supply  or  low  impedance  source,  up  to  250mA  can  flow 
through  the  part.  The  thermal  shutdown  circuit  disables 
the  driver  outputs  when  the  internal  temperature  reaches 
150°C  and  turns  them  back  on  when  the  temperature 
cools  to  130°C.  If  the  outputs  of  two  or  more  LTC486 
drivers  are  shorted  directly,  the  driver  outputs  can  not 
supply  enough  current  to  activate  the  thermal  shutdown. 


EN 

1/4  LTC486 


Figure  6.  Typical  Connection 
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nppucOTions  inFORmnnon 

Thus,  the  thermal  shutdown  circuit  will  not  prevent  con- 
tention faults  when  two  drivers  are  active  on  the  bus  at  the 
same  time. 

Cable  and  Data  Rate 

The  transmission  line  of  choice  for  RS-485  applications  is 
a  twisted  pair.  There  are  coaxial  cables  (twinaxial)  made 
for  this  purpose  that  contain  straight  pairs,  but  these  are 
less  flexible,  more  bulky,  and  more  costly  than  twisted 
pairs.  Many  cable  manufacturers  offer  a  broad  range  of 
120Q  cables  designed  for  RS-485  applications. 

Losses  in  a  transmission  line  are  a  complex  combination 
of  DC  conductor  loss,  AC  losses  (skin  effect),  leakage,  and 
AC  losses  in  the  dielectric.  In  good  polyethylene  cables 
such  as  the  Belden  9841 ,  the  conductor  losses  and  dielec- 
tric losses  are  of  the  same  order  of  magnitude,  leading  to 
relatively  low  overall  loss  (Figure  7). 


0.1  1.0  10  100 

FREQUENCY  (MHz) 


Figure  7.  Attenuation  vs  Frequency  for  Belden  9841 

When  using  low  loss  cables,  Figure  8  can  be  used  as  a 
guideline  for  choosing  the  maximum  line  length  foragiven 
data  rate.  With  lower  quality  PVC  cables,  the  dielectric  loss 
factor  can  be  1000  times  worse.  PVC  twisted  pairs  have 
terrible  losses  at  high  data  rates  (>  100kbs)  and  greatly 
reduce  the  maximum  cable  length.  At  low  data  rates 
however,  they  are  acceptable  and  much  more  economical. 


DATA  RATE  (bps) 

LTC«wrAM 

Figure  8.  Cable  Length  vs  Data  Rate 
Cable  Termination 

The  propertermination  of  the  cable  is  very  important.  If  the 
cable  is  not  terminated  with  its  characteristic  impedance, 
distorted  waveforms  will  result.  In  severe  cases,  distorted 
(false)  data  and  nulls  will  occur.  A  quick  look  at  the  output 
of  the  driver  will  tell  how  well  the  cable  is  terminated.  It  is 
best  to  look  at  a  driver  connected  to  the  end  of  the  cable, 
since  this  eliminates  the  possibility  of  getting  reflections 
from  two  directions.  Simply  look  at  the  driver  output  while 
transmitting  square  wave  data.  If  the  cable  is  terminated 
properly,  the  waveform  will  look  like  a  square  wave 
(Figure  9). 


PROBE  HERE 


LTC486  •  TA1D 


Figure  9.  Termination  Effects 


LTC486 


nppLicnTions  mFORmnnon 


If  the  cable  is  loaded  excessively  (47Q),  the  signal  initially 
sees  the  surge  impedance  of  the  cable  and  jumps  to  an 
initial  amplitude.  The  signal  travels  down  the  cable  and  is 
reflected  back  out  of  phase  because  of  the  mistermination. 
When  the  reflected  signal  returns  to  the  driver,  the  ampli- 
tude will  be  lowered.  The  width  of  the  pedestal  is  equal  to 
twice  the  electrical  length  of  the  cable  (about  1 .5ns/foot). 
If  the  cable  is  lightly  loaded  (470Q),  the  signal  reflects  in 
phase  and  increases  the  amplitude  at  the  driver  output.  An 
input  frequency  of  30kHz  is  adequate  for  tests  out  to 
4000  ft.  of  cable. 

AC  Cable  Termination 

Cable  termination  resistors  are  necessary  to  prevent  un- 
wanted reflections,  but  they  consume  power.  The  typical 
differential  output  voltage  of  the  driver  is  2V  when  the 
cable  is  terminated  with  two  120Q  resistors,  causing 
33mA  of  DC  current  to  flow  in  the  cable  when  no  data  is 
being  sent.  This  DC  current  is  about  220  times  greaterthan 
the  supply  current  of  the  LTC486.  One  way  to  eliminate  the 
unwanted  current  is  by  AC  coupling  the  termination  resis- 
tors as  shown  in  Figure  10. 


C=LINE  LENGTH  (FT)x16.3pF 

LTC486.TA1! 

Figure  10.  AC  Coupled  Termination 

The  coupling  capacitor  must  allow  high-frequency  energy 
to  flow  to  the  termination,  but  block  DC  and  low  frequen- 
cies. The  dividing  line  between  high  and  low  frequency 
depends  on  the  length  of  the  cable.  The  coupling  capacitor 
must  pass  frequencies  above  the  point  where  the  line 
represents  an  electrical  one-tenth  wavelength.  The  value 
of  the  coupling  capacitor  should  therefore  be  set  at  1 6.3pF 
perfoot  of  cable  length  for  1 20Q  cables.  With  the  coupling 
capacitors  in  place,  power  is  consumed  only  on 
the  signal  edges,  and  not  when  the  driver  output  is  idling 
at  a  1  or  0  state.  A 1 0OnF  capacitor  is  adequate  for  lines  up 
to  4000  feet  in  length.  Be  aware  that  the  power  savings  start 
to  decrease  once  the  data  rate  surpasses  1/(1 20£2  x  C). 


Receiver  Open-Circuit  Fail-Safe 

Some  data  encoding  schemes  require  that  the  output  of 
the  receiver  maintains  a  known  state  (usually  a  logic  1) 
when  the  data  is  finished  transmitting  and  all  drivers  on  the 
line  are  forced  into  three-state.  All  LTC  RS485  receivers 
have  a  fail-safe  feature  which  guarantees  the  output  to  be 
in  a  logic  1  state  when  the  receiver  inputs  are  left  floating 
(open-circuit).  However,  when  the  cable  is  terminated 
with  the  differential  inputs  to  the  receiver  are 
shorted  together,  not  left  floating.  Because  the  receiver 
has  about  70mV  of  hysteresis,  the  receiver  output  will 
maintain  the  last  data  bit  received. 

If  the  receiver  output  must  be  forced  to  a  known  state,  the 
circuits  of  Figure  11  can  be  used. 


Figure  11.  Forcing  0'  When  All  Drivers  Are  Off 

The  termination  resistors  are  used  to  generate  a  DC  bias 
which  forces  the  receiver  output  to  a  known  state,  in  this 
case  a  logic  0.  The  first  method  consumes  about 
208mW  and  the  second  about  8mW.  The  lowest  power 
solution  is  to  use  an  AC  termination  with  a  pull-up  resistor. 
Simply  swap  the  receiver  inputs  for  data  protocols  ending 
in  logic  1. 


LTC486 
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Fault  Protection 

All  of  LTC's  RS-485  products  are  protected  against  ESD 
transients  up  to  2kV  using  the  human  body  model 
(1  OOpF,  1.5kQ).  However,  some  applications  need  more 
protection.  The  best  protection  method  is  to  connect  a 
bidirectional  TransZorb  from  each  line  side  pin  to  ground 
(Figure  12). 

A  TransZorb  is  a  silicon  transient  voltage  suppressor  that 
has  exceptional  surge  handling  capabilities,  fast  response 
time,  and  low  series  resistance.  They  are  available  from 
General  Semiconductor  Industries  and  come  in  a  variety  of 
breakdown  voltages  and  prices.  Be  sure  to  pick  a  break- 


down voltage  higher  than  the  common  mode  voltage 
required  for  your  application  (typically  12V).  Also,  don't 
forget  to  check  how  much  the  added  parasitic  capacitance 
will  load  down  the  bus. 


Figure  12.  ESD  Protection  with  TransZorbs 


TYPICAL  RPPllCOTIOn 


RS232  to  RS485  Level  Translator  with  Hysteresis 


1200 


HYSTERESIS  =  10kl3» 


IVY-VZl 


LTC486-TA14 
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LTC487 


Quad  Low  Power 
RS485  Driver 


F€RTUR€S 

■  Very  Low  Power:  lCc  =  1 1 0fiA  Typ. 

■  Designed  for  RS485  or  RS422  Applications 

■  Single  +5V  Supply 

■  -7V  to  +1 2V  Bus  Common  Mode  Range  Permits  ±7V 
GND  Difference  Between  Devices  on  the  Bus 

■  Thermal  Shutdown  Protection 

■  Power-Up/Down  Glitch-Free  Driver  Outputs  Permit 
Live  Insertion/Removal  of  Package 

■  Driver  Maintains  High  Impedance  in  Three-State  or 
with  the  Power  Off 

■  28ns  Typical  Driver  Propagation  Delays  with  5ns 
Skew 

■  Pin  Compatible  with  the  SN75174,  DS96174, 
nA96174,and  DS96F174 

APPUCATIOnS 

■  Low  Power  RS485/RS422  Drivers 

■  Level  Translator 


DCSCMPTIOn 

The  LTC487  is  a  low  power  differential  bus/line  driver 
designed  for  multipoint  data  transmission  standard  RS485 
applications  with  extended  common  mode  range  (+1 2V  to 
-7V).  It  also  meets  RS422  requirements. 

The  CMOS  design  offers  significant  power  savings  over  its 
bipolar  counterpart  without  sacrificing  ruggednessagainst 
overload  or  ESD  damage. 

The  driver  features  three-state  outputs,  with  the  driver 
outputs  maintaining  high  impedance  over  the  entire  com- 
mon mode  range.  Excessive  power  dissipation  caused  by 
bus  contention  or  faults  is  prevented  by  a  thermal  shut- 
down circuit  which  forces  the  driver  outputs  into  a  high 
impedance  state. 

Both  AC  and  DC  specifications  are  guaranteed  from  0°C  to 
70°C  and  over  the  4.75V  to  5.25V  supply  voltage  range. 


TVPicfiL  nppucnnon 

RS485  Cable  Length  Specification* 


•  APPLIES  FOR  24  GAUGE,  POLYETHYLENE 
DIELECTRIC  TWISTED  PAIR 


5-24 


LTC487 


flBsoiuT€  mnximum  RRTinGs 

(Notel) 

Supply  Voltage  (Vcc)  12V 

Control  Input  Voltages  -0.5V  to  Vcc  +  0.5V 

Driver  Input  Voltages  -0.5V  to  Vcc  +  0.5V 

Driver  Output  Voltages  ±1 4V 

Control  Input  Currents  +25mA 

Driver  Input  Currents  +25mA 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  MFORfTlRTIOn 


DI1  [T 
D01A  [7 
D01B  [7 
EN12  Li 
D02B  [7 
D02A  [7 

DI2  |T 
GND  [7 


TOP  VIEW 
 C  


3| 
3l 


6 


ni  vcc 

115]  DI4 

U]  D04A 

13]  D04B 

]U  EN34 

TJJ  D03B 

10]  D03A 

JJ  DI3 


N  PACKAGE  S  PACKAGE 

16-LEAD  PLASTIC  DIP  16-LEAD  PLASTIC  SOL 

LTC487.POI01 


ORDER  PART 
NUMBER 


LTC487CN 
LTC487CS 


DC  €L€CTRICRL  CHRRRCT6RISTICS  Vcc  =  5V ±5%,  0  C  <  Temperature  <  70  C  (Note  2, 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN            TYP  MAX 

UNITS 

VoDl 

Differential  Driver  Output  Voltage  (Unloaded) 

lo  =  0 

5 

V 

V0D2 

Differential  Driver  Output  Voltage  (With  Load) 

R  =  50a;  (RS422) 

2 

V 

R  =  27Q;  (RS485)  (Figure  1) 

1.5  5 

V 

V0D 

Change  in  Magnitude  of  Driver  Differential 
Output  Voltage  for  Complementary  Output  States 

R  =  27Q  or  R  =  50£2 
(Figure  1) 

0.2 

V 

Voc 

Driver  Common  Mode  Output  Voltage 

3 

(Voci 

Change  in  Magnitude  of  Driver  Common  Mode 
Output  Voltage  for  Complementary  Output  States 

0.2 

VlH 

Input  High  Voltage 

DI.EN12,  EN34 

2.0 

V 

VlL 

Input  Low  Voltage 

0.8 

V 

l|N1 

Input  Current 

±2 

HA 

Ice 

Supply  Current 

No  Load 

Output  Enabled 

110  200 

^ 

Output  Disabled 

110  200 

I0SD1 

Driver  Short  Circuit  Current,  Vout  =  High 

-7V<Vn<+12V 

250 

mA 

IOS02 

Driver  Short  Circuit  Current,  Vout  =  Low 

-7V<V0<+12V 

250 

mA 

loz 

High  Impedance  State  Output  Current 

V0  =  -7Vto12V 

±2  ±200 

liA 

SUJI TCHIDO  CHARACTERISTICS  Vcc  -  5V  ±5%,  0  C  <  Temperature  <  70  C  (Note  2,  3) 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN           TYP  MAX 

UNITS 

tpLH 

Driver  Input  to  Output 

RDlFF  =  54Q,  CL1  =  CL2  =  100pF 
(Figures  2,  4) 

20             28  60 

ns 

tpHL 

Driver  Input  to  Output 

20             28  60 

tSKEW 

Driver  Output  to  Output 

5  15 

tr.tf 

Driver  Rise  or  Fall  Time 

5              20  71 

tZH 

Driver  Enable  to  Output  High 

CL  =  100pF  (Figures  3,  5)  S2  Closed 

35  70 

ns 

tzL 

Driver  Enable  to  Output  Low 

CL  =  100pF  (Figures  3,  5)  S1  Closed 

44  75 

ns 

tLZ 

Driver  Disable  Time  from  Low 

CL  =  15pF  (Figures  3,  5)  S1  Closed 

55  92 

ns 

tHZ 

Driver  Disable  Time  from  High 

CL=15pF  (Figures  3,  5)  S2  Closed 

45  75 

ns 

Note  1:  "Absolute  Maximum  Ratings"  are  those 

of  the  device  cannot  be  guaranteed. 

Note  2:  All  currents  into  device  pins  are  positive 


to  device  GND  unless 


pins  are  negative.  All  vo 
otherwise  specified. 
Note  3:  All  typicals  are  given  for  VCc  =  5V  and  Temperature  =  25°C. 
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INPUT 

ENABLES 

OUTPUTS 

Dl 

EN12  or  EN34 

OUTA 

OUTB 

H 

H 

H 

L 

L 

H 

L 

H 

X 

L 

Z 

1 

H:  High  Level  X:  Irrelevant 

L:  Low  Level  Z:  High  Impedance  (Off) 


pin 


DI1  (Pin  1):  Driver  1  input.  If  Driver  1  is  enabled,  then  a  low 
on  DI1  forces  the  driveroutputs  D01 A  low  and  D01B  high. 
A  high  on  DI1  with  the  driver  outputs  enabled  will  force 
D01A  high  and  DOIBIow. 

D01A(Pin  2):  Driver  1  output. 

D01B  (Pin  3):  Driver  1  output. 

EN12  (Pin  4):  Driver  1  and  2  outputs  enabled.  See  Func- 
tion Table  for  details. 

D02B  (Pin  5):  Driver  2  output. 

D02A  (Pin  6):  Driver  2  output. 

DI2  (Pin  7):  Driver  2  input.  Refer  to  DI1 . 


GND  (Pin  8):  GND  connection. 

DI3  (Pin  9):  Driver  3  input.  Refer  to  DI1 . 

D03A  (Pin  10):  Driver  3  output. 

D03B  (Pin  11):  Driver  3  output. 

EN34  (Pin  12):  Driver  3  and  4  outputs  enabled.  See 
Function  Table  for  details. 

D04B  (Pin  13):  Driver  4  output. 

D04A  (Pin  14):  Driver  4  output. 

DI4  (Pin  15):  Driver  4  input.  Refer  to  DI1 . 

Vcc  (Pin  16):  Positive  supply;  4.75  <  Vcc  <  5.25. 


T€ST  CIRCUITS 


f 

i 


driver7^>   £rdiff  ' 
r  ci2  — 


OUTPUT 
UNDER  TEST 


|   VVV—  > 


Figure  1 .  Driver  DC  Test  Load 


Figure  2.  Driver  Timing  Test  Circuit 


Figure  3.  Driver  Timing  Test  Load  #2 
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OV  " 


EN12 


0V- 


5V- 

A.B 

Mjh- 

A,B 
OV- 


1 


1.5V 

'PLH 


l  =  1MHz:t,<10ns:t|<10ns 


3€ 


10% 
t,  h— 


VD|FF  =  V(A)-V(B) 

Figure  4.  Driver  Propagation  Delays 


(  =  1MH2:t,<10ns:t|<10ns 


OUTPUT  NORMALLY  LOW 


•ZH 


OUTPUT  NORMALLY  HIGH 


Figure  5.  Driver  Enable  and  Disable  Times 


LTC487 


1        -  'PLH  - 


v0    —I  I— 


0.5V 


TYPICAL  P€RFORITinnC€  CHARACTERISTICS 


Driver  Output  High  Voltage  vs 
Output  Current  TA  =  25  C 


1  2  3 

OUTPUT  VOLTAGE  (V)  ltcui.tpco, 


Driver  Differential  Output  Voltage  vs 
Output  Current  TA  =  25  C 


1  2  3 

OUTPUT  VOLTAGE  (V) 


Driver  Output  Low  Voltage  vs 
Output  Current  TA  =  25  C 


12  3  4 

OUTPUT  VOLTAGE  (V)  Lre«,. 


TTL  Input  Threshold  vs  Temperature 


1 1.57 


-50  0  50  100 

TEMPERATURE  (°C )  lto«j 


Driver  Skew  vs  Temperature 


-50  0  50  100 

TEMPERATURE  (°C  )  ltc« 


Supply  Current  vs  Temperature 


TEMPERATURE  (°C ) 


5-27 


LTC487 


TVPICRL  P€RFOfimnnC€  CHRRRCT6RISTICS 

Driver  Differential  Output  Voltage  vs 
Temperature  Rq  =  540 


0  50 
TEMPERATURE  (°C  ) 


LTC487-TPC07 


nppLicfiTions  MFORmRTion 

Typical  Application 

A  typical  connection  of  the  LTC487  is  shown  in  Figure  6. 
A  twisted  pair  of  wires  connect  up  to  32  drivers  and 
receivers  for  half  duplex  data  transmission.  There  are  no 
restrictions  on  where  the  chips  are  connected  to  the  wires, 
and  it  isn't  necessary  to  have  the  chips  connected  at  the 
ends.  However,  the  wires  must  be  terminated  only  at 
the  ends  with  a  resistor  equal  to  their  characteristic 
impedance,  typically  120fi.  The  optional  shields  around 
the  twisted  pair  help  reduce  unwanted  noise,  and  are 
connected  to  GND  at  one  end. 


Thermal  Shutdown 

The  LTC487  has  a  thermal  shutdown  feature  which  pro- 
tects the  part  from  excessive  power  dissipation.  If  the 
outputs  of  the  driver  are  accidently  shorted  to  a  power 
supply  or  low  impedance  source,  up  to  250mA  can  flow 
through  the  part.  The  thermal  shutdown  circuit  disables 
the  driver  outputs  when  the  internal  temperature  reaches 
150°C  and  turns  them  back  on  when  the  temperature 
cools  to  130°C.  If  the  outputs  of  two  or  more  LTC487 
drivers  are  shorted  directly,  the  driver  outputs  can  not 
supply  enough  current  to  activate  the  thermal  shutdown. 


1/4  LTC487  1/4  LTC489 

Figure  6.  Typical  Connection 
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Thus,  the  thermal  shutdown  circuit  will  not  prevent  con- 
tention faults  when  two  drivers  are  active  on  the  bus  at  the 


Cable  and  Data  Rate 


The  transmission  line  of  choice  for  RS-485  applications  is 
a  twisted  pair.  There  are  coaxial  cables  (twinaxial)  made 
for  this  purpose  that  contain  straight  pairs,  but  these  are 
less  flexible,  more  bulky,  and  more  costly  than  twisted 
pairs.  Many  cable  manufacturers  offer  a  broad  range  of 
I  for  RS-485  applications. 


Losses  in  a  transmission  line  are  a  complex  combination 
of  DC  conductor  loss,  AC  losses  (skin  effect),  leakage,  and 
AC  losses  in  the  dielectric.  In  good  polyethylene  cables 
such  as  the  Belden  9841 ,  the  conductor  losses  and  dielec- 
tric losses  are  of  the  same  order  of  magnitude,  leading  to 
relatively  low  overall  loss  (Figure  7). 


1.0  10 
FREQUENCY  (MHz) 


Figure  7.  Attenuation  vs  Frequency  for  Belden  9841 

When  using  low  loss  cables,  Figure  8  can  be  used  as  a 
guidelineforchoosing  the  maximum  line  length  for  a  given 
data  rate.  With  lower  quality  PVC  cables,  the  dielectric  loss 
factor  can  be  1000  times  worse.  PVC  twisted  pairs  have 
terrible  losses  at  high  data  rates  (>  100kbs)  and  greatly 
reduce  the  maximum  cable  length.  At  low  data  rates 
however,  they  are  acceptable  and  much  more  economical. 


100k  1M    2.5M  10M 

DATA  RATE  (bps) 


LTC«87.TAM 


Figure  8.  Cable  Length  vs  Data  Rate 
Cable  Termination 

The  properterminationofthe  cable  is  very  important.  If  the 
cable  is  not  terminated  with  its  characteristic  impedance, 
distorted  waveforms  will  result.  In  severe  cases,  distorted 
(false)  data  and  nulls  will  occur.  A  quick  look  at  the  output 
of  the  driver  will  tell  how  well  the  cable  is  terminated.  It  is 
best  to  look  at  a  driver  connected  to  the  end  of  the  cable, 
since  this  eliminates  the  possibility  of  getting  reflections 
from  two  directions.  Simply  look  at  the  driver  output  while 
transmitting  square  wave  data.  If  the  cable  is  terminated 
properly,  the  waveform  will  look  like  a  square  wave 
(Figure  9). 


Rt  =  12012 


Rt  =  47Q 


Rt  =  470Q 


Figure  9.  Termination  Effects 


XT 
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If  the  cable  is  loaded  excessively  (47£2),  the  signal  initially 
sees  the  surge  impedance  of  the  cable  and  jumps  to  an 
initial  amplitude.  The  signal  travels  down  the  cable  and  is 
reflected  back  out  of  phase  because  ofthemistermination. 
When  the  reflected  signal  returns  to  the  driver,  the  ampli- 
tude will  be  lowered.  The  width  of  the  pedestal  is  equal  to 
twice  the  electrical  length  of  the  cable  (about  1 ,5ns/foot). 
If  the  cable  is  lightly  loaded  (470Q),  the  signal  reflects  in 
phase  and  increases  the  amplitude  at  the  driver  output.  An 
input  frequency  of  30kHz  is  adequate  for  tests  out  to 
4000  ft.  of  cable. 

AC  Cable  Termination 

Cable  termination  resistors  are  necessary  to  prevent  un- 
wanted reflections,  but  they  consume  power.  The  typical 
differential  output  voltage  of  the  driver  is  2V  when  the 
cable  is  terminated  with  two  120Q  resistors,  causing 
33mA  of  DC  current  to  flow  in  the  cable  when  no  data  is 
being  sent.  This  DC  current  is  about  220  times  greaterthan 
the  supply  current  of  the  LTC487.  One  way  to  eliminate  the 
unwanted  current  is  by  AC  coupling  the  termination  resis- 
tors as  shown  in  Figure  10. 




C=L]NE  LENGTH  (FT)  x  16.3pF 

ITCWTAll 

Figure  10.  AC  Coupled  Termination 

The  coupling  capacitor  must  allow  high-frequency  energy 
to  flow  to  the  termination,  but  block  DC  and  low  frequen- 
cies. The  dividing  line  between  high  and  low  frequency 
depends  on  the  length  of  the  cable.  The  coupling  capacitor 
must  pass  frequencies  above  the  point  where  the  line 
represents  an  electrical  one-tenth  wavelength.  The  value 
of  the  coupling  capacitor  should  therefore  be  set  at 
1 6.3pF  per  foot  of  cable  length  for  1 20Q  cables.  With  the 
coupling  capacitors  in  place,  power  is  consumed  only  on 
the  signal  edges,  and  not  when  the  driver  output  is  idling 
at  a  1  or  0  state.  A 1 0OnF  capacitor  is  adequate  for  lines  up 
to  4000  feet  in  length.  Be  aware  that  the  power  savings  start 
to  decrease  once  the  data  rate  surpasses  1/(1 20Q  x  C). 


Receiver  Open-Circuit  Fail-Safe 

Some  data  encoding  schemes  require  that  the  output  of 
the  receiver  maintains  a  known  state  (usually  a  logic  1) 
when  the  data  is  finished  transmitting  and  all  drivers  on  the 
line  are  forced  into  three-state.  All  LTC  RS485  receivers 
have  a  fail-safe  feature  which  guarantees  the  output  to  be 
in  a  logic  1  state  when  the  receiver  inputs  are  left  floating 
(open-circuit).  However,  when  the  cable  is  terminated 
with  120fi,  the  differential  inputs  to  the  receiver  are 
shorted  together,  not  left  floating.  Because  the  receiver 
has  about  70mV  of  hysteresis,  the  receiver  output  will 
maintain  the  last  data  bit  received. 

If  the  receiver  output  must  be  forced  to  a  known  state,  the 
circuits  of  Figure  11  can  be  used. 


XX 


Ii.sko 

140Q 

 wC  1 

f 


5k£i 


RX 


XX 


+5V  — WV— 

'  71  1 

c  . 

;i2on 

( 

 c 

Figure  11.  Forcing  0'  When  All  Drivers  Are  Off 

The  termination  resistors  are  used  to  generate  a  DC  bias 
which  forces  the  receiver  output  to  a  known  state,  in  this 
case  a  logic  0.  The  first  method  consumes  about 
208mW  and  the  second  about  8mW.  The  lowest  power 
solution  is  to  use  an  AC  termination  with  a  pull-up  resistor. 
Simply  swap  the  receiver  inputs  for  data  protocols  ending 
in  logic  1. 
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Fault  Protection 

All  of  LTC's  RS-485  products  are  protected  against  ESD 
transients  up  to  2kV  using  the  human  body  model 
(100pF,  1.5kn).  However,  some  applications  need  more 
protection.  The  best  protection  method  is  to  connect  a 
bidirectional  TransZorb  from  each  line  side  pin  to  ground 
(Figure  12). 

A  TransZorb  is  a  silicon  transient  voltage  suppressor  that 
has  exceptional  surge  handling  capabilities,  fast  response 
time,  and  low  series  resistance.  They  are  available  from 
General  Semiconductor  Industries  and  come  in  a  variety  of 
breakdown  voltages  and  prices.  Be  sure  to  pick  a  break- 


down voltage  higher  than  the  common  mode  voltage 
required  for  your  application  (typically  12V).  Also,  don't 
forget  to  check  how  much  the  added  parasitic  capacitance 
will  load  down  the  bus. 


Figure  12.  ESD  Protection  with  TransZorbs 


topical  nppucOTion 


RS232  to  RS485  Level  Translator  with  Hysteresis 


lOko 

RS-232  IN     *  Wr- 


120Q 

-vw 


^zxx 


1/4  LTC487 


HYSTERESIS  =  10kn 


IVY-VZl  19k 
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F€RTUR€S 

■  Low  Power:  lCc  =  300u.A  Typical 

■  Designed  for  RS485  or  RS422  Applications 

■  Single  +5V  Supply 

■  -7Vto  +12V  Bus  Common  Mode  Range 
Permits  +7V  Ground  Difference  Between  Devices 
on  the  Bus 

■  Thermal  Shutdown  Protection 

■  Power-Up/Down  Glitch-Free  Driver  Outputs  Permit 
Live  Insertion  or  Removal  of  Package 

■  Driver  Maintains  High  Impedance  in  Three-State  or 
with  the  Power  Off 

■  Combined  Impedance  of  a  Driver  Output  and 
Receiver  Allows  up  to  32  Transceivers  on  the  Bus 

■  70mV  Typical  Input  Hysteresis 

■  28ns  Typical  Driver  Propagation  Delays  with  5ns 
Skew 

■  Pin  Compatible  with  the  SN751 79 

nppucOTions 

■  Low  Power  RS485/RS422  Transceiver 

■  Level  Translator 


 LTC490 

Differential  Driver  and 
Receiver  Pair 

DCSCMPTIOn 

The  LTC490  is  a  low  power  differential  bus/line  transceiver 
designed  formultipoint  data  transmission  standard  RS485 
applications  with  extended  common  mode  range  (+1 2V  to 
-7V).  It  also  meets  the  requirements  of  RS422. 

The  CMOS  design  offers  significant  power  savings  over  its 
bipolar  counterpart  without  sacrificing  ruggedness  against 
overload  or  ESD  damage. 

The  driver  and  receiver  feature  three-state  outputs,  with 
the  driver  outputs  maintaining  high  impedance  over  the 
entire  common  mode  range.  Excessive  power  dissipation 
caused  by  bus  contention  or  faults  is  prevented  by  a 
thermal  shutdown  circuit  which  forces  the  driver  outputs 
into  a  high  impedance  state. 

The  receiver  has  afail  safe  feature  which  guarantees  a  high 
output  state  when  the  inputs  are  left  open. 

Both  AC  and  DC  specifications  are  guaranteed  from  0°C  to 
70°C  and  4.75V  to  5.25V  supply  voltage  range. 


TVPicm  nppucmion 
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(Notel) 

Supply  Voltage  (Vcc)  12V 

Driver  Input  Currents  -25mA  to  25mA 

Driver  Input  Voltages  -0.5V  to  VCc  +0.5V 

Driver  Output  Voltages  ±14V 

Receiver  Input  Voltages  ±14V 

Receiver  Output  Voltages  -0.5V  to  VCc  +0.5V 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  SnFORmflTIOfl 


N8  PACKAGE  S8  PACKAGE 

i-LEAD  PLASTIC  DIP    8-LEAD  PLASTIC  SOIC 

LT490-POI01 


ORDER  PART 
NUMBER 


LTC490CN8 
LTC490CS8 
LTC490IN8 
LTC490IS8 


S8  PART  MARKING 


490 
4901 


DC  €l€CTRICRl  CHARACTERISTICS 

VCc  =  5V  ±5%.  0°c  £  Temperature  <  70°C  (Notes  2  and  3)  unless  otherwise  noted. 


OVMDI1I 

SYMBOL 

DAD  A  MCTCD 

PAnAMhlhn 

CONDITIONS 

MIM        TVP  MAY 
mm        lir  IVIMa 

IIMITC 
UMMO 

V0D1 

Differential  Driver  Output  Voltage  (Unloaded) 

Iq-0 

B 

J 

w 
v 

^002 

Differential  Driver  Output  Voltage  (With  load) 

R  =  5012;  (RS422) 

2 

V 

R  =  27S2;  (RS485)  (Figure  1) 

1.5  5 

V 

AV0D 

Change  in  Magnitude  of  Driver  Differential  Output 
Voltage  for  Complementary  Output  States 

R  =  27Q  or  R  =  50a  (Figure  1) 

0.2 

V 

Voc 

Driver  Common  Mode  Output  Voltage 

3 

V 

AlVocI 

Change  in  Magnitude  of  Driver  Common  Mode 
Output  Voltage  for  Complementary  Output  States 

0.2 

V 

VlH 

Input  High  Voltage  (D) 

2.0 

V 

VlL 

Input  Low  Voltage  (D) 

0.8 

V 

km 

Input  Current  (D) 

±2 

HA 

l|N2 

Input  Current  (A,  B) 

Vcc  =  0V  or  5.25V 

VIN  =  12V 

+  1.0 

mA 

VIN  =  -7V 

-0.8 

mA 

Vth 

Differential  Input  Threshold  Voltage  for  Receiver 

-7V<VCM<12V 

-0.2  +0.2 

V 

AVTH 

Receiver  Input  Hysteresis 

VCM  =  0V 

70 

mV 

V0H 

Receiver  Output  High  Voltage 

In  = -4mA,  V,D  =  +0.2V 

3.5 

V 

Vol 

Receiver  Output  Low  Voltage 

l0  =  +4mA,  V,o  =  -0.2V 

0.4 

V 

l0ZR 

Three-State  Output  Current  at  Receiver 

Vcc  =  Max  0.4V  <V0<  2.4V 

±1 

uA 

Ice 

Supply  Current 

No  Load;  D  =  GMD,  or  Vcc 

300  500 

|l* 

f  IN 

Receiver  Input  Resistance 

-7V<VCM<+12V 

12 

kft 

l0SD1 

Driver  Short  Circuit  Current,  Vout  =  High 

-7V<V0<+12V 

250 

mA 

l0SD2 

Driver  Short  Circuit  Current,  V0ut  =  L°™ 

-7V<V0<+12V 

250 

mA 

l0SR 

Receiver  Short-Circuit  Current 

OV<V0<VCC 

7  85 

mA 

loz 

Driver  Three-State  Output  Current 

V0  =  -7V  to  12V 

±2  +200 

luA 

^^—r  TECHNOLOGY 
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VCc  =  5V  ±5%,  0  C  <  Temperature  <  70  C  (Notes  2  and  3)  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

tpLH 

Driver  Input  to  Output 

RDlFF  =  54n,  On  =  CL2  =  100pF 
(Figures  2, 3) 

10       28  60 

ns 

tpHL 

Driver  Input  to  Output 

10       28  60 

ns 

tSKEW 

Driver  Output  to  Output 

5 

ns 

tr.t, 

Driver  Rise  or  Fall  Time 

5        15  25 

ns 

tpLH 

Receiver  Input  to  Output 

Rdiff  =  54n,  Oi  =  CL2  =  100pF 
(Figures  2, 4) 

40       70  150 

ns 

tpHL 

Receiver  Input  to  Output 

40       70  150 

ns 

tSKD 

1  tpLH  -  tpm  1  Differential  Receiver  Skew 

13 

ns 

Note  1:  "Absolute  Maximum  Ratings"  are  those  beyond  which  the  safety  pins  are  negative.  All  voltages  are  referenced  to  device  ground  unless 
of  the  device  cannot  be  guaranteed.  otherwise  specified. 

Note  2:  All  currents  into  device  pins  are  positive;  all  currents  out  of  device      Note  3:  All  typicals  are  given  for  VCc  =  5V  and  Temperature  =  25°C. 


pin  Funcnons 

Vcc  (Pin  1):  Positive  supply;  4.75V  <  Vcc  <  5.25V. 

R  (Pin  2):  Receiver  output.  If  A  >  B  by  200mV,  R  will  be 
high.  If  A  <  B  by  200mV,  then  R  will  be  low. 

D  (Pin  3):  Driver  input.  A  low  on  D  forces  the  driver  outputs 
A  low  and  B  high.  A  high  on  D  will  force  A  high  and  B  low. 

GND  (Pin  4):  Ground  Connection. 


Y(Pin  5):  Driver  output. 
Z  (Pin  6):  Driver  output. 
B  (Pin  7):  Receiver  input. 
A  (Pin  8):  Receiver  input. 


TVPICfll  P€RFORfTinnC€  CHRRflCT€RlSTICS 


Driver  Output  High  Voltage  vs  Driver  Differential  Output  Voltage  vs  Driver  Output  Low  Voltage  vs 

Output  Current  TA  =  25°C  Output  Current  TA  =  25°C  Output  Current  TA  =  25°C 


OUTPUT  VOLTAGE  (V)  OUTPUT  VOLTAGE  (V)  OUTPUT  VOLTAGE  (V) 

LTCJOO-TPCOI  LICWTFCR  LTC490  •  TPCW3 
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TTL  Input  Threshold  vs  Temperature  Driver  Skew  vs  Temperature  Supply  Current  vs  Temperature 


-50  0  50  100  -50  0  50  100  -50  0  50  100 

TEMPERATURE  pC  )  TEMPERATURE  pG  )  TEMPERATURE  pC  ) 

LTC4SO*TPC(M  LTC490-TPCOS  LTC4B0  •  TPC06 


Driver  Differential  Output  Voltage  Receiver  :tpLH-tpHL  vs  Receiver  Output  Low  Voltage  vs 

vs  Temperature  Rq  =  541  >  Temperature  Temperature  at  I  =  8mA 


T€ST  CIRCUITS 


LTC490 


suuiTCHino  Time  wnvcFonms 


ov 
-v0 


50% 
10% 


*  v  -t — >cz 

1/2  V0         —|    |—  tSKEW 


1  =  1  MHz :  tr  <  1 0ns :  tt  <  1 0ns 


VD!FF  =  V(Y)-V(Z) 


Figure  3.  Driver  Propagation  Delays 
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4^ 


2V0      —|   |— — *St 


V0D2 
A-B 


3? 


INPUT 


f=1MHz;tr<10ns:t,<10ns 


OUTPUT 

Figure  4.  Receiver  Propagation  Delays 
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Typical  Application 

A  typical  connection  of  the  LTC490  is  shown  in  Figure  5. 
Two  twisted  pair  wires  connect  two  driver/receiver  pairs 
for  full  duplex  data  transmission.  Note  that  the  driver  and 
receiver  outputs  are  always  enabled.  If  the  outputs  must  be 
disabled,  use  the  LTC491. 


There  are  no  restrictions  on  where  the  chips  are  con- 
nected, and  it  isn't  necessary  to  have  the  chips  connected 
at  the  ends  of  the  wire.  However,  the  wires  must  be 
terminated  only  at  the  ends  with  a  resistor  equal  to  their 
characteristic  impedance,  typically  120£X  Because  only 


LTC490 
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one  driver  can  be  connected  on  the  bus,  the  cable  can  be 
terminated  only  at  the  receiving  end.  The  optional  shields 
around  the  twisted  pair  help  reduce  unwanted  noise,  and 
are  connected  to  GND  at  one  end. 

The  LTC490  can  also  be  used  as  a  line  repeater  as  shown 
in  Figure  6.  If  the  cable  length  is  longer  than  4000  feet,  the 
LTC490  is  inserted  in  the  middle  of  the  cable  with  the 
receiver  output  connected  back  to  the  driver  input. 


LTC490 


LTC4S0  •  IMI 


Figure  6.  Line  Repeater 
Thermal  Shutdown 

The  LTC490  has  a  thermal  shutdown  feature  which  pro- 
tects the  part  from  excessive  power  dissipation.  If  the 
outputs  of  the  driver  are  accidently  shorted  to  a  power 
supply  or  low  impedance,  source,  up  to  250mA  can  flow 
through  the  part.  The  thermal  shutdown  circuit  disables 
the  driver  outputs  when  the  internal  temperature  reaches 
150°C  and  turns  them  back  on  when  the  temperature 
cools  to  130°C.  If  the  outputs  of  two  or  more  LTC490 
drivers  are  shorted  directly,  the  driver  outputs  can  not 
supply  enough  current  to  activate  the  thermal  shutdown. 
Thus,  the  thermal  shutdown  circuit  will  not  prevent  con- 
tention faults  when  two  drivers  are  active  on  the  bus  at  the 
same  time. 

Cables  and  Data  Rate 

The  transmission  line  of  choice  for  RS485  applications  is 
a  twisted  pair.  There  are  coaxial  cables  (twinaxial)  made 
for  this  purpose  that  contain  straight  pairs,  but  these  are 
less  flexible,  more  bulky,  and  more  costly  than  twisted 
pairs.  Many  cable  manufacturers  offer  a  broad  range  of 
120a  cables  designed  for  RS485  applications. 


Losses  in  a  transmission  line  are  a  complex  combination 
of  DC  conductor  loss,  AC  losses  (skin  effect),  leakage  and 
AC  losses  in  the  dielectric.  In  good  polyethylene  cables 
such  as  the  Belden  9841,  the  conductor  losses  and 
dielectric  losses  are  of  the  same  order  of  magnitude, 
leading  to  relatively  low  overall  loss  (Figure  7). 


FREQUENCY  (MHz) 

LTC«M*TMe 

Figure  7.  Attenuation  ws  Frequency  for  Belden  9841 

When  using  low  loss  cables,  Figure  8  can  be  used  as  a 
guidelineforchoosingthe  maximum  line  length foragiven 
data  rate.  With  lower  quality  PVC  cables,  the  dielectric  loss 
factor  can  be  1000  times  worse.  PVC  twisted  pairs  have 
terrible  losses  at  high  data  rates  (>100kbs),  and  greatly 
reduce  the  maximum  cable  length.  At  low  data  rates 
however,  they  are  acceptable  and  much  more  economical. 


DATA  RATE  (bps) 

LTC490  -  TU9 

Figure  8.  RS485  Cable  Length  Specilication.  Applies  for  24 
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Cable  Termination 

The  proper  termination  of  the  cable  is  very  important. 
If  the  cable  is  not  terminated  with  its  characteristic 
impedance,  distorted  waveforms  will  result.  In  severe 
cases,  distorted  (false)  data  and  nulls  will  occur. 

A  quick  look  at  the  output  of  the  driver  will  tell  how  well  the 
cable  is  terminated.  It  is  best  to  look  at  a  driver  connected 
to  the  end  of  the  cable,  since  this  eliminates  the  possibility 
of  getting  reflections  from  two  directions.  Simply  look  at 
the  driver  output  while  transmitting  square  wave  data.  If 
the  cable  is  terminated  properly,  the  waveform  will  look 
like  a  square  wave  (Figure  9).  If  the  cable  is  loaded 
excessively  (47  Q),  the  signal  initially  sees  the  surge 
impedance  of  the  cable  and  jumps  to  an  initial  amplitude. 
The  signal  travels  down  the  cable  and  is  reflected  back  out 
of  phase  because  of  the  mistermination.  When  the  re- 
flected signal  returns  to  the  driver,  the  amplitude  will  be 
lowered.  The  width  of  the  pedestal  is  equal  to  twice  the 
electrical  length  of  the  cable  (about  1.5ns/foot).  If  the 
cable  is  lightly  loaded  (470Q),  the  signal  reflects  in  phase 
and  increases  the  amplitude  at  the  driver  output.  An  input 
frequency  of  30kHz  is  adequate  for  tests  out  to  4000  feet 
of  cable. 


RECEIVER  >— RX 


Rt  =  470Q 


AC  Cable  Termination 

Cable  termination  resistors  are  necessary  to  prevent  un- 
wanted reflections,  but  they  consume  power.  The  typical 
differential  output  voltage  of  the  driver  is  2V  when  the 
cable  is  terminated  with  two  120Q  resistors,  causing 
33mA  of  DC  current  to  flow  in  the  cable  when  no  data  is 
being  sent.  This  DC  current  is  about  60  times  greater  than 
the  supply  current  of  the  LTC490.  One  way  to  eliminate  the 
unwanted  current  is  by  AC  coupling  the  termination  resis- 
tors as  shown  in  Figure  10. 


LTC490.TA10 


C  =  L!NE  LENGTH  (FT)  x  16.3pF 

LTC4B0  ■  TAl  1 

Figure  10.  AC  Coupled  Termination 

The  coupling  capacitor  must  allow  high-frequency  energy 
to  flow  to  the  termination,  but  block  DC  and  low  frequen- 
cies. The  dividing  line  between  high  and  low  frequency 
depends  on  the  length  of  the  cable.  The  coupling  capacitor 
must  pass  frequencies  above  the  point  where  the  line 
represents  an  electrical  one-tenth  wavelength.  The  value 
of  the  coupling  capacitor  should  therefore  be  set  at  1 6.3pF 
per  foot  of  cable  length  for  1 20Q  cables. 

With  the  coupling  capacitors  in  place,  power  is  consumed 
only  on  the  signal  edges,  and  not  when  the  driver  output 
is  idling  at  a  1  or  0  state.  A 1 0OnF  capacitor  is  adequate  for 
lines  up  to  4000  feet  in  length.  Be  aware  that  the  power 
savings  start  to  decrease  once  the  data  rate  surpasses  1/ 
(120£2xC). 

Fault  Protection 

All  of  LTC's  RS485  products  are  protected  against  ESD 
transients  up  to  2kV  using  the  human  body  model  (1  OOpF, 
1.5kQ).  However,  some  applications  need  more 
protection.  The  best  protection  method  is  to  connect  a 
bidirectional  TransZorb  from  each  line  side  pin  to  ground 
(Figure  11).  A  TransZorb  is  a  silicon  transient  voltage 
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suppressor  that  has  exceptional  surge  handling  capabili- 
ties, fast  response  time,  and  low  series  resistance.  They 
are  available  from  General  Semiconductor  Industries  and 
come  in  a  variety  of  breakdown  voltages  and  prices.  Be 
sure  to  pick  a  breakdown  voltage  higher  than  the  common 
mode  voltage  required  foryour  application  (typically  1 2V). 
Also,  don't  forget  to  check  how  much  the  added  parasitic 
capacitance  will  load  down  the  bus. 


— 


LTC490 


Figure  11.  ESD  Protection  with  TransZorbs 
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LTC*B0-TAI3 


RS232  to  RS485  Level  Transistor  with  Hysteresis 


RS-232  IN  - 


R  =  220kQ 
— VA — 
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TECHNOLOGY 


LTC491 

Differential  Driver  and 
Receiver  Pair 


F€ATUR€S 

■  Low  Power:  Iqc  =  300nA  Typical 

■  Designed  for  RS485  or  RS422  Applications 

■  Single +5V  Supply 

■  -7V  to  +1 2V  Bus  Common  Mode  Range 
Permits  ±7V  Ground  Difference  Between  Devices 
on  the  Bus 

■  Thermal  Shutdown  Protection 

■  Power-Up/Down  Glitch-Free  Driver  Outputs  Permit 
Live  Insertion  or  Removal  of  Package 

■  Driver  Maintains  High  Impedance  in  Three-State  or 
with  the  Power  Off 

■  Combined  Impedance  of  a  Driver  Output  and 
Receiver  Allows  up  to  32  Transceivers  on  the  Bus 

■  70mV  Typical  Input  Hysteresis 

■  28ns  Typical  Driver  Propagation  Delays  with  5ns 
Skew 

■  Pin  Compatible  with  the  SN751 80 

RPPUCOTIOnS 

■  Low  Power  RS485/RS422  Transceiver 


DCSCMPTIOn 

The  LTC491  is  a  low  power  differential  bus/line  transceiver 
designed  formultipoint  data  transmission  standard  RS485 
applications  with  extended  common  mode  range  (+1 2V  to 
-7V).  It  also  meets  the  requirements  of  RS422. 

The  CMOS  design  offers  significant  power  savings  over  its 
bipolarcounterpart  without  sacrificing  ruggedness  against 
overload  or  ESD  damage. 

The  driver  and  receiver  feature  three-state  outputs,  with 
the  driver  outputs  maintaining  high  impedance  over  the 
entire  common  mode  range.  Excessive  power  dissipation 
caused  by  bus  contention  or  faults  is  prevented  by  a 
thermal  shutdown  circuit  which  forces  the  driver  outputs 
into  a  high  impedance  state. 

The  receiver  has  afail  safe  feature  which  guarantees  a  high 
output  state  when  the  inputs  are  left  open. 

Both  AC  and  DC  specifications  are  guaranteed  from  0°C  to 
70°C  and  4.75V  to  5.25V  supply  voltage  range. 


TYPicm  nppucOTion 


L-jw»-|  AAA  A  M*-i 


4000  FT  24  GAUGE  TWISTED  PAIR 


1  L^w~i  a  A  A  A  LJ^-1 


4000  FT  24  GAUGE  TWISTED  PAIR 
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rbsolutc  maximum  RRTinGs 

(NOtBl) 

Supply  Voltage  (Vcc)  12V 

Control  Input  Voltages  -0.5V  to  Vcc  +0.5V 

Control  Input  Currents  -50mA  to  50mA 

Driver  Input  Voltages  -0.5V  to  VCrj  +0.5V 

Driver  Input  Currents  -25mA  to  25mA 

Driver  Output  Voltages  ±14V 

Receiver  Input  Voltages  ±14V 

Receiver  Output  Voltages  -0.5V  to  VCc  +0.5V 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  .300°C 


PRCKRG€/ORD€R  IftFORfTlATIOn 


NC  U 


r  u  — <p  tn  m  nc 


REB  Li 
DE  [T 
D  |T 
GND  Ll 
GND  [7 


TOP  VIEW 
 <3>  


Jj]  A 

!TTJ  b 
10]  z 
J]  Y 
7]  NC 


N  PACKAGE  S  PACKAGE 

14-LEAD  PLASTIC  DIP  14-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LTC491CN 
LTC491CS 
LTC491IN 
LTC491IS 


DC  €L€CTRICRL  CHRRRCT€RISTICS 

Vcc  =  5V  ±5%,  0  C  <  Temperature  <  70  C  (Notes  2  and  3)  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

V0D1 

Differential  Driver  Output  Voltage  (Unloaded) 

l0  =  0 

5 

V 

VOD2 

Differential  Driver  Output  Voltage  (With  load) 

R  =  50fi;  (RS422) 

2 

V 

R  =  27fi;  (RS485)  (Figure  1) 

1.5  5 

V 

AV0D 

Change  in  Magnitude  of  Driver  Differential  Output 
Voltage  for  Complementary  Output  States 

R  =  27Q  orR  =  50Q  (Figure  1) 

0.2 

V 

Voc 

Driver  Common  Mode  Output  Voltage 

3 

V 

A  |V0C  I 

Change  in  Magnitude  of  Driver  Common  Mode 
Output  Voltage  for  Complementary  Output  States 

0.2 

V 

VlH 

Input  High  Voltage 

D,  DE,  REB 

2.0 

V 

VlL 

Input  Low  Voltage 

0.8 

V 

l|N1 

Input  Current 

±2 

uA 

l|N2 

Input  Current  (A,  B) 

Vcc  =  0V  or  5.25V 

V|N  =  12V 

+  1.0 

mA 

VIN  =  -7V 

-0.8 

mA 

Vth 

Differential  Input  Threshold  Voltage  for  Receiver 

-7V<VCM<12V 

-0.2  +0.2 

V 

AVTH 

Receiver  Input  Hysteresis 

VCM  =  0V 

70 

mV 

V0H 

Receiver  Output  High  Voltage 

In  = -4mA,  V,D  =  +0.2V 

3.5 

V 

Vol 

Receiver  Output  Low  Voltage 

l0  =  +4mA,  V,D  =  -0.2V 

0.4 

V 

l0ZR 

Three-State  Output  Current  at  Receiver 

Vcc  =  Max  0.4V  <V0<  2.4V 

+1 

uA 

Ice 

Supply  Current 

No  Load;  D  =  GND, 
or  VCc 

Outputs  Enabled 

300  500 

uA 

Outputs  Disabled 

300  500 

uA 

R|N 

Receiver  Input  Resistance 

-7V<VCM<+12V 

12 

kQ 

l0SD1 

Driver  Short  Circuit  Current,  Vout  =  High 

-7V<V0<+12V 

250 

mA 

l0SD2 

Driver  Short  Circuit  Current,  Voirr  =  Low 

-7V<V0<+12V 

250 

mA 

l0SR 

Receiver  Short  Circuit  Current 

0V<Vo<Vcc 

7  85 

mA 

>oz 

Driver  Three-State  Output  Current 

Vo  =  -7Vto12V 

uA 
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VCc  =  5V  +5%,  0°C  <  Temperature  <  70°C  (Motes  2  and  3)  unles 

s  otherwise  noted. 

SYMBOL 

PARAMETER 

rnuniTinuc 
LUNUI 1  lUNb 

MIN 

TYP 

MAX 

IIUITO 

UNITS 

tpLH 

Driver  Input  to  Output 

"DIFF    Mil,  U[_i  =  U|_2  =  lUUpr 

10 

28 

60 

ns 

tpHL 

Driver  Input  to  Output 

(Figures  2, 5) 

10 

28 

60 

ns 

tSKEW 

Driver  Output  to  Output 

5 

ns 

Uf 

Driver  Rise  or  Fall  Time 

5 

15 

25 

ns 

tZH 

Driver  Enable  to  Output  High 

CL  =  100pF  (Figures  4,  6}  S2  Closed 

40 

70 

ns 

tZL 

Driver  Enable  to  Output  Low 

CL  =  100pF  (Figures  4, 6)  S1  Closed 

40 

70 

ns 

kt 

Driver  Disable  Time  From  Low 

CL  =  15pF  (Figures  4, 6)  S1  Closed 

40 

70 

ns 

tHZ 

Driver  Disable  Time  From  High 

ul  =  loph  (Figures  4,  fa)  b2  Closed 

40 

70 

ns 

tpLH 

Receiver  Input  to  Output 

RDiFF  =  54a,  Cu=CL2  =  100pF 

40 

70 

150 

ns 

tpHL 

Receiver  Input  to  Output 

(Figures  2,  7) 

40 

70 

150 

ns 

tSKD 

1  tpLH  -  tpHL  1  Differential  Receiver  Skew 

13 

ns 

tZL 

Receiver  Enable  to  Output  Low 

CL  =  15pF  (Figures  3, 8)  S1  Closed 

20 

50 

ns 

tZH 

Receiver  Enable  to  Output  High 

CL  =  15pF  (Figures  3, 8)  S2  Closed 

20 

50 

ns 

tLZ 

Receiver  Disable  From  Low 

CL  =  15pF  (Figures  3,  8)  S1  Closed 

20 

50 

ns 

tHZ 

Receiver  Disable  From  High 

CL  =  15pF  (Figures  3, 8)  S2  Closed 

20 

50 

ns 

Note  1:  "Absolute  Maximum  Ratings"  are  those  beyond  which  the  s 
of  the  device  cannot  be  guaranteed. 

Note  2:  All  currents  into  device  pins  are  positive;  all  currents  out  of  device 


pins  are  negative.  All  voltages  are  referenced  to  device  ground  unless 
otherwise  specified. 

Note  3:  All  typicals  are  given  for  VCc  =  5V  and  Temperature  =  25°C. 


I 

NC(Pin1):  Not  Connected. 

R  (Pin  2):  Receiver  output.  If  the  receiver  output  is  enabled 
(REB  low),  then  if  A  >  B  by  200mV,  R  will  be  high.  If  A  <  B 
by  200mV,  then  R  will  be  low. 

REB  (Pin  3):  Receiver  output  enable.  A  low  enables  the 
receiver  output,  R.  A  high  input  forces  the  receiver  output 
into  a  high  impedance  state. 

DE  (Pin  4):  Driver  output  enable.  A  high  on  DE  enables  the 
driver  outputs,  A  and  B.  A  low  input  forces  the  driver 
outputs  into  a  high  impedance  state. 

D  (Pin  5):  Driver  input.  If  the  driver  outputs  are  enabled 
(DE  high),  then  A  low  on  D  forces  the  driver  outputs  A  low 
and  B  high.  A  high  on  D  will  force  A  high  and  B  low. 


GND  (Pin  6):  Ground  Connection. 

GNO  (Pin  7):  Ground  Connection. 

NC  (Pin  8):  Not  Connected. 

Y  (Pin  9):  Driver  output. 

Z  (Pin  10):  Driver  output. 

B  (Pin  11):  Receiver  input. 

A  (Pin  12):  Receiver  input. 

NC  (Pin  13):  Not  Connected. 

VCc  (Pin  14):  Positive  supply;  4.75V  <  Vcc  <  5.25V. 
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Driver  Output  High  Voltage  vs  Driver  Differential  Output  Voltage  vs  Driver  Output  Low  Voltage  vs 

Output  Current  TA  =  25  C  Output  Current  TA  =  25  C  Output  Current  TA  =  25  C 


Driver  Differential  Output  Voltage  vs 
Temperature  Rq  =  540 


-60  0  50  100 


TEMPERATURE  ("C ) 


Receiver  tPLH  tPHL  I  vs 
Temperature 


7.0 


TEMPERATURE  ("C ) 


Receiver  Output  Low  Voltage  vs 
Temperature  at  I  =  8mA 


08 


0.2 


0  I  1  1  1  1  1  1  1 

-50  0  50  100 

TEMPERATURE  (% ) 

LTC491  -  TPCDS 
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Figure  1.  Driver  DC  Test  Load 
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Figure  5.  Driver  Propagation  Delays 
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Figure  6.  Driver  Enable  and  Disable  Times 
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Figure  7.  Receiver  Propagation  Delays 
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Typical  Application 

A  typical  connection  of  the  LTC491  is  shown  in  Figure  9. 
Two  twisted  pair  wires  connect  up  to  32  driver/receiver 
pairs  for  full  duplex  data  transmission.  There  are  no 
restrictions  on  where  the  chips  are  connected  to  the  wires, 
and  it  isn't  necessary  to  have  the  chips  connected  at  the 
ends.  However,  the  wires  must  be  terminated  only  at  the 
ends  with  a  resistor  equal  to  their  characteristic  imped- 
ance, typically  1 20Q.  The  input  impedance  of  a  receiver  is 


typically  20k£2  to  GND,  or  0.6  unit  RS-485  load,  so  in 
practice  50  to  60  transceivers  can  be  connected  to  the 
same  wires.  The  optional  shields  around  the  twisted  pair 
help  reduce  unwanted  noise,  and  are  connected  to  GND  at 
one  end. 

The  LTC491  can  also  be  used  as  a  line  repeater  as  shown 
in  Figure  1 0.  If  the  cable  length  is  longerthan  4000  feet,  the 
LTC491  is  inserted  in  the  middle  of  the  cable  with  the 
receiver  output  connected  back  to  the  driver  input. 


DX  FIX 

Figure  9.  Typical  Connection 


SIX' 


DATA  OUT 


Figure  10.  Line  Repeater 


LTC4B1.TA1. 
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Thermal  Shutdown 

The  LTC491  has  a  thermal  shutdown  feature  which  pro- 
tects the  part  from  excessive  power  dissipation.  If  the 
outputs  of  the  driver  are  accidently  shorted  to  a  power 
supply  or  low  impedance  source,  up  to  250mA  can  flow 
through  the  part.  The  thermal  shutdown  circuit  disables 
the  driver  outputs  when  the  internal  temperature  reaches 
150°C  and  turns  them  back  on  when  the  temperature 
cools  to  130°C.  If  the  outputs  of  two  or  more  LTC491 
drivers  are  shorted  directly,  the  driver  outputs  can  not 
supply  enough  current  to  activate  the  thermal  shutdown. 
Thus,  the  thermal  shutdown  circuit  will  not  prevent  con- 
tention faults  when  two  drivers  are  active  on  the  bus  at  the 
same  time. 

Cables  and  Data  Rate 

The  transmission  line  of  choice  for  RS485  applications  is 
a  twisted  pair.  There  are  coaxial  cables  (twinaxial)  made 
for  this  purpose  that  contain  straight  pairs,  but  these  are 


0.1  1  L-LLLLWI    1   1 

0.1  1.0  10  100 

FREQUENCY  (MH2) 

LTC491  -TA1S 

Figure  11.  Attenuation  vs  Frequency  for  Belden  9481 


less  flexible,  more  bulky,  and  more  costly  than  twisted 
pairs.  Many  cable  manufacturers  offer  a  broad  range  of 
120C2  cables  designed  for  RS485  applications. 

Losses  in  a  transmission  line  are  a  complex  combination 
of  DC  conductor  loss,  AC  losses  (skin  effect),  leakage  and 
AC  losses  in  the  dielectric.  In  good  polyethylene  cables 
such  as  the  Belden  9841,  the  conductor  losses  and 
dielectric  losses  are  of  the  same  order  of  magnitude, 
leading  to  relatively  low  over  all  loss  (Figure  11). 

When  using  low  loss  cables,  Figure  12  can  be  used  as  a 
guidelineforchoosing  the  maximum  line  length  foragiven 
data  rate.  With  lower  quality  PVC  cables,  the  dielectric  loss 
factor  can  be  1000  times  worse.  PVC  twisted  pairs  have 
terrible  losses  at  high  data  rates  (>100kBs),  and  greatly 
reduce  the  maximum  cable  length.  At  low  data  rates 
however,  they  are  acceptable  and  much  more  economical. 


DATA  RATE  (bps) 

LTC491  -TA13 

Figure  12.  Cable  Length  vs  Data  Rate 
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Cable  Termination 

The  proper  termination  of  the  cable  is  very  important. 
If  the  cable  is  not  terminated  with  it's  characteristic 
impedance,  distorted  waveforms  will  result.  In  severe 
cases,  distorted  (false)  data  and  nulls  will  occur.  A  quick 
look  at  the  output  of  the  driver  will  tell  how  well  the  cable 
is  terminated.  It  is  best  to  look  at  a  driver  connected  to  the 
end  of  the  cable,  since  this  eliminates  the  possibility  of 
getting  reflections  from  two  directions.  Simply  look  at  the 
driver  output  while  transmitting  square  wave  data.  If  the 
cable  is  terminated  properly,  the  waveform  will  look  like  a 
square  wave  (Figure  13). 


PROBE  HERE 


LTC«t  ■  TAt* 


Figure  13.  Termination  Effects 

If  the  cable  is  loaded  excessively  (47Q),  the  signal  initially 
sees  the  surge  impedance  of  the  cable  and  jumps  to  an 
initial  amplitude.  The  signal  travels  down  the  cable  and  is 
reflected  back  out  of  phase  because  ofthemistermination. 
When  the  reflected  signal  returns  to  the  driver,  the  ampli- 
tude will  be  lowered.  The  width  of  the  pedestal  is  equal  to 
twice  the  electrical  length  of  the  cable  (about  1 .5ns/foot). 


If  the  cable  is  lightly  loaded  (470Q),  the  signal  reflects  in 
phase  and  increases  the  amplitude  at  the  driver  output.  An 
input  frequency  of  30kHz  is  adequate  for  tests  out  to  4000 
feet  of  cable. 

AC  Cable  Termination 

Cable  termination  resistors  are  necessary  to  prevent  un- 
wanted reflections,  but  they  consume  power.  The  typical 
differential  output  voltage  of  the  driver  is  2V  when  the 
cable  is  terminated  with  two  120Q  resistors,  causing 
33mA  of  DC  current  to  flow  in  the  cable  when  no  data  is 
being  sent.  This  DC  current  is  about  60  times  greater  than 
the  supply  current  of  the  LTC491 .  One  way  to  eliminate  the 
unwanted  current  is  by  AC  coupling  the  termination  resis- 
tors as  shown  in  Figure  14. 


C  =  LINE  LENGTH  (It)  x  16.3pF 

LTC*91  -  TA15 


Figure  14.  AC  Coupled  Termination 

The  coupling  capacitor  must  allow  high-frequency  energy 
to  flow  to  the  termination,  but  block  DC  and  low  frequen- 
cies. The  dividing  line  between  high  and  low  frequency 
depends  on  the  length  of  the  cable.  The  coupling  capacitor 
must  pass  frequencies  above  the  point  where  the  line 
represents  an  electrical  one-tenth  wavelength.  The  value 
of  the  coupling  capacitor  should  therefore  be  set  at  16.3pF 
per  foot  of  cable  length  for  1 20Q  cables.  With  the  coupling 
capacitors  in  place,  power  is  consumed  only  on  the  signal 
edges,  and  not  when  the  driver  output  is  idling  at  a  1  or  0 
state.  A  100nF  capacitor  is  adequate  for  lines  up  to  4000 
feet  in  length.  Be  aware  that  the  power  savings  start  to 
decrease  once  the  data  rate  surpasses  1/(12012  x  C). 
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Receiver  Open-Circuit  Fail-Safe 

Some  data  encoding  schemes  require  that  the  output  of 
the  receiver  maintains  a  known  state  (usually  a  logic  1) 
when  the  data  is  finished  transmitting  and  all  drivers  on  the 
line  are  forced  into  three-state.  The  receiver  of  the  LTC491 
has  afail-safe  feature  which  guarantees  the  output  to  be  in 
a  logic  1  state  when  the  receiver  inputs  are  left  floating 
(open-circuit).  However,  when  the  cable  is  terminated 
with  120D,  the  differential  inputs  to  the  receiver  are 
shorted  together,  not  left  floating.  Because  the  receiver 
has  about  70mV  ot  hysteresis,  the  receiver  output  will 
maintain  the  last  data  bit  received. 


RECEIVER  >—  RX 


XI 


140Si 
 VA  1 

XX 


+5V-VW- 

' — '1 — 3 

C 

;120£2 

( 

 c 

Figure  15.  Forcing  "0"  When  All  Drivers  are  Off 

The  termination  resistors  are  used  to  generate  a  DC  bias 
which  forces  the  receiver  output  to  a  known  state,  in  this  case 
a  logic  0.  The  first  method  consumes  about  208mW  and  the 
second  about  8mW.  The  lowest  power  solution  is  to  use  an 
AC  termination  with  a  pull-up  resistor.  Simply  swap  the 
receiver  inputs  for  data  protocols  ending  in  logic  1. 


Fault  Protection 

All  of  LTC's  RS485  products  are  protected  against  ESD 
transients  up  to  2kV  using  the  human  body  model  (1  OOpF, 
1.5kf2).  However,  some  applications  need  more 
protection.  The  best  protection  method  is  to  connect  a 
bidirectional  TransZorb  from  each  line  side  pin  to  ground 
(Figure  16). 


Figure  16.  ESD  Protection  with  TransZorbs 

A  TransZorb  is  a  silicon  transient  voltage  suppressor  that 
has  exceptional  surge  handling  capabilities,  fast  response 
time,  and  low  series  resistance.  They  are  available  from 
General  Semiconductor  Industries  and  come  in  a  variety  of 
breakdown  voltages  and  prices.  Be  sure  to  pick  a  break- 
down voltage  higher  than  the  common  mode  voltage 
required  for  your  application  (typically  12V).  Also,  don't 
forget  to  check  how  much  the  added  parasitic  capacitance 
will  load  down  the  bus. 


XTUDSS 
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RS232  Receiver 


1/2  LTC491 


LTC«1  •  TA1B 


RS232  to  RS485  Level  Transistor  with  Hysteresis 
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ANALOG  TO  DIGITAL  CONVERTERS 


Serial  Output  8-Bit 
Micropower  SO-8 


.  Single  Input 

LTC1096(16us) 

■  2  Channel  MUX 
LTC1098(16us) 


10-Bit  with  MUX 


Single  Input 
LTC1092  (20ms) 

2  Channel  MUX 
LTC1091  (20ms) 

6  Channel  MUX 
LTC1093  (20ms) 
LTC1095  (20ms,  Reference) 

8  Channel  MUX 
LTC1090  (20ms) 
LTC1094  (20ns) 


Parallel  Output 
8-Bit  High  Speed 


LTC1099  (2.5ms) 


12-Bit  High  Speed 


LTC1272  (3ns,  5us,  8u5  Sampling) 


12-Bit  with  MUX 


■  Single  Input 

LTC1 292  (13ms) 

2  Channel  MUX 
'     LTC1291  (13ms) 

6  Channel  MUX 
LTC1293  (13us) 


8  Channel  MUX 
LTC1290  (13ms) 


LTC1 294  (13ms) 
LTC1289  (3.3V  Operation,  26ms) 
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PART 
NUMBER 

DESCRIPTION 

RESOLU- 
TION 

TOTAL 
UNADJUSTED 
ERROR 

CONV. 
TIME 

VOLTAGE 
SUPPLY 

MAXIMUM 
SUPPLY 
CURRENT 

PKGS. 
AVAIL. 

IMPORTANT 
FEATURES 

LTC1090C,  M 

10-Bit,  Serial  I/O,  Analog  to 
Digital  Converter  with 
8  Channel  Multiplexer.  Full 
Duplex  Serial  Interface. 

10  Bits 

±1/2LSB  (LTC1090A) 
Over  Full 
Temperature 
Range 

22ns 

5V, 
10V, 
or 
±5V 

2.5mA 

J,  N,S 

10-Bit  A  to  D  with  Built  in 
8  Channel  Analog  MUX  and 
Sample/Hold.  Compatible  with 
All  Microprocessors  with  Serial 
Ports.  Software  Configurable 
Bipolar  or  Unipolar  Operation. 
Full  Duplex  Serial  I/O. 

LTC1091C,  M 

10-Bit,  8-Pin  Serial  I/O, 
Analog  to  Digital  Converter 
with  2  Channel  Analog 
Multiplexer. 

10  Bits 

±1/2LSB  (LTC1091A) 
Over  Full 
Temperature 
Range 

20us 

5V 
or 
10V 

3.5mA 

J8,  N8 

10-Bit  A  to  D  with  Built  in 
2  Channel  Analog  MUX  and 
Sample/Hold.  Compatible  with 
All  Microprocessors  with  Serial 
Ports.  Unipolar  Operation. 

LTC1092C,  M 

10-Bit.  8-Pin,  Analog  to 
Digital  Converter  with  Serial 
Output. 

10  Bits 

+1/2LSB(LTC1092A) 
Over  Full 
Temperature 
Range 

20us 

5V 
or 
10V 

2.5mA 

J8,  N8 

Separate  Reference  Pin  Allows 
Reduced  Span  (Down  to  200mV) 
Operation.  Unipolar  A  to  D 
Conversions  are  Performed  on 
a  Differential  Input  Pair. 
Compatible  with  All 
Microprocessors  with  Serial  Ports. 

LTC1093C,  M 

10-Bit,  Serial  I/O,  Analog  to 
Digital  Converter  with 
6  Channel  Multiplexer. 

10  Bits 

+1/2LSB  (LTC1093A) 
Over  Full 
Temperature 
Range 

20ps 

5V, 
10V, 
or 

+5V 

2.5mA 

J,  N,S 

10-Bit  A  to  D  with  Built  in 
6  Channel  Analog  MUX  and 
Sample/Hold.  Compatible  with 
All  Microprocessors  with  Serial 
Ports.  Software  Configurable 
Bipolar  or  Unipolar  Operation. 
Half  Duplex  Serial  I/O. 

LTC1094C.M 

10-Bit,  Serial  I/O,  Analog  to 
Digital  Converter  System 
with  8  Channel  Multiplexer. 

10  Bits 

+1/2LSB  (LTC1094A) 
Over  Full 
Temperature 
Range 

20us 

5V, 
10V. 
or 
±5V 

2.5mA 

J,N 

10-Bit  A  to  D  with  Built  in 
8  Channel  Analog  MUX  and 
Sample/Hold.  Compatible  with 
All  Microprocessors  with  Serial 
Ports.  Software  Configurable 
Bipolar  or  Unipolar  Operation. 
Half  Duplex  Serial  I/O. 

LTC1095C.M 

10-Bit,  Serial  I/O,  Analog  to 
Digital  Converter  with 
6  Channel  Multiplexer 
and  5V  Buried  Zener 
Reference. 

10  Bits 

±0.15%  FSR 

20ns 

7.2V 
to 
10V 

3.7mA 

J 

10-Bit  ADC  with  Built  in 
6  Channel  Analog  MUX, 
Sample/Hold,  and  5V  Buried  Zener 
Reference.  Compatible  with 
All  Microprocessors  with  Serial 
Ports.  Software  Configurable 
Bipolar  or  Unipolar  Operation. 
Half  Duplex  Serial  I/O. 

LTC1096 

8-Bit,  16u.s,  Micropower, 
Sampling  A/D  Converter 
with  Serial  I/O  and 
Differential  Input. 

8  Bits 

+1/2LSB(LTC1096A) 
Over  Full 
Temperature 
Range 

16ms 

3V 
to 
9V 

80uA 

N8,  S8 

Single  Differential  Input.  S/H  with 
Single  Ended  Inputs.  Ultra-Low 
Power.  Automatic  Power-Down 
Mode. 

LTC1098 

8-Bit,  16ms,  Micropower, 
Sampling  A/D  Converter 
with  Serial  I/O  and 
2  Channel  MUX 

8  Bits 

±1/2LSB  (LTC1098A) 
Over  Full 
Temperature 
Range 

16us 

3V 
to 
9V 

80uA 

N8,  S8 

2  Channel  Multiplexer,  Sampling 
ADC.  Ultra-Low  Power,  Automatic 
Power-Down  Mode. 

LTC1099C.M 

8-Bit,  2us  Analog  to  Digital 
Converter  with  Built  in 
Sample-and-Hold.  Parallel 
Output. 

8  Bits 

±1LSB 
Over  Full 
Temperature 
Range 

2u.s 

5V 

15mA 

J,  N.S 

Built  in  S/H  Allows  Direct 
Conversion  of  5Vp-p  Signals  up 
to  167kHz.  Pin  Compatible  with 
ADC0820  and  AD7820. 

LTC1272C,  M 

12-Bit,  3ns,  Sampling  A/D 
Converter  with  Parallel 
Output. 

12  Bits 

+1/2LSB  Linearity, 

±3LSB  Offset, 
±10LSB  Full/Scale 
Error 

3u.s 

5V 

20mA 

J.  N.S 

Single  Supply,  Sampling  Plug  in 
Upgrade  for  AD7572.  250kHz 
Sample  Rate.  Operates  with  or 
without  -15V  Supply  Required 
byAD7572. 
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PART 
NUMBER 

DESCRIPTION 

RESOLU- 
TION 

TOTAL 
UNADJUSTED 
ERROR 

CONV. 
TIME 

VOLTAGE 
SUPPLY 

MAXIMUM 
SUPPLY 
CURRENT 

PKGS. 
AVAIL. 

IMPORTANT 
FEATURES 

LTC1290C,  M 

12-Bit,  Serial  I/O,  Analog  to 
Digital  Converter  with 
8  Channel  Multiplexer.  Full 
Ouplex  Serial  Interface. 

12  Bits 

±2.5LSB 
Over  Full 

Temperature 
Range 

(LTC1290B) 

13ns 

5V, 
or 

+5V 

5mA 

J,  N,S 

12-Bit  ADC  with  Built  in  8  Channel 
Analog  MUX  and  Sample/Hold. 
Compatible  with  All 
Microprocessors  with  Serial  Ports. 
Software  Configurable  Bipolar  or 
Unipolar  Operation.  Full  Duplex 
Serial  I/O. 

LTC1292C 

12-Bit,  8-Pin  Analog  to 
Digital  Converter  with  Serial 
Output. 

12  Bits 

±2.5LSB 
Over  Full 

Temperature 
Range 

(LTC1292B) 

13ns 

5V 

5mA 

J,N 

12-Bit  ADC,  Unipolar 
Conversion  of  Single 
Differential  Input.  Separate 
Reference  Pin  Allows 
Reduced  Span.  Compatible 
with  All  Microprocessors 
with  Serial  Ports. 

LTC1293C 

12-Bit,  Serial  I/O,  Analog  to 
Digital  Converter  System 
with  6  Channel  Multiplexer. 

12  Bits 

±2.5LSB 
Over  Full 

Temperature 
Range 

(LTC1293B) 

13us 

5V, 
or 

±5V 

5mA 

J,  N 

12-Bit  ADC  with  Built  in 
8  Channel  MUX  and  Sample/ 
Hold.  Compatible  with  All 
Microprocessors  with  Serial 
Ports.  Software  Configurable 
Bipolar  or  Unipolar  Operation. 
Full  Duplex  Serial  I/O. 

LTC1294C 

12-Bit,  Serial  I/O,  Analog  to 
Digital  Converter  System 
with  8  Channel  Multiplexer. 

12  Bits 

±2.5LSB 
Over  Full 

Temperature 
Range 

(LTC1294B) 

13u.s 

5V, 
or 

+  5V 

5mA 

12-Bit  ADC  with  Built  in 
8  Channel  MUX  and  Sample/ 
Hold.  Compatible  with  All 
Microprocessors  with  Serial 
Ports.  Software  Configurable 
Bipolar  or  Unipolar  Operation. 
Half  Duplex  Serial  I/O. 
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F€flTUR€S 

■  AD7572  Pin  Out 

■  12-Bit  Resolution 

■  3ns,  5u.s,  8u.s  Conversion  Times 

■  On-Chip  Sample-and-Hold 

■  Up  to  250kHz  Sample  Rates 

■  +5V  Single  Supply  Operation 

■  No  Negative  Supply  Required 

■  On-Chip  25ppm/°C  Reference 

■  75mW  (Typ)  Power  Consumption 

■  24-Pin  Narrow  DIP  and  SO  Packages 

■  ESD  Protected  on  all  Pins 

APPUCOTIOnS 

■  High  Speed  Data  Acquisition 

■  Digital  Signal  Processing  (DSP) 

■  Multiplexed  Data  Acquisition  Systems 

■  Single  Supply  Systems 


12-Bit,  3ns,  250kHz 
Sampling  A/D  Converter 

DCSCRIPTIOn 

The  LTC1272  is  a  3ns,  12-bit,  successive  approximation 
sampling  A/D  converter.  It  has  the  same  pinout  as  the 
industry  standard  AD7572  and  offers  faster  conversion  time, 
on-chip  sample-and-hold,  and  single  supply  operation.  It 
uses  LTBiCMOS™  switched  capacitor  technology  to  com- 
bine a  high  speed  12-bit  ADC  with  a  fast,  accurate  sample- 
and-hold  and  a  precision  reference. 

The  LTC1 272  operates  with  a  single  +5V  supply  but  can  also 
accept  the + 5V/-1 5V  supplies  required  by  the  AD7572  (Pin 
23,  the  negative  supply  pin  of  the  AD7572,  is  not  connected 
on  the  LTC1 272).  The  LTC1 272  has  the  same  OV  to  5V  input 
range  as  the  AD7572  but,  to  achieve  single  supply  operation, 
it  provides  a  +2.42V  reference  output  instead  of  the  -5.25V 
of  the  AD7572.  It  plugs  in  for  the  AD7572  if  the  reference 
capacitor  polarity  is  reversed  and  a  1ps  sample-and-hold 
acquisition  time  is  allowed  between  conversions. 

The  output  data  can  be  read  as  a  12-bit  word  or  as  two 
8-bit  bytes.  This  allows  easy  interface  to  both  8-bit  and 
higher  processors.  The  LTC1 272  can  be  used  with  a  crystal 
or  an  external  clock  and  comes  in  speed  grades  of  3ns,  5u.s, 
and  8|is. 

LTBiCMOS™  is  a  trademark  of  Linear  Technology  Corporation 
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Single  5V  Supply,  3us,  12-Bit  Sampling  ADC 
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absolute  mnximum  rrtirgs 

(Notes  1  and  2) 

Supply  Voltage  (VDD)  6V 

Analog  Input  Voltage  (Note  3)  -0.3V  to  +15V 

Digital  Input  Voltage  -0.3V  to  12V 

Digital  Output  Voltage  -0.3V  to  VDD  +0.3V 

Power  Dissipation  500mW 


Operating  Temperature  Range 

LTC1272-XAC,  BC,  CC  0°C  to  70°C 

LTC1272-XAM,  BM,  CM  -55°C  to  125°C 

Storage  Temperature  Range  -65°C  to  1 50°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORfTlRTIOn 


A|N  LI 
Vref  LI 
AGND  [J 
(MSB)D11  [J 
D10  [J 
D9  U 
D8  LI 
D7  [J 
D6  [J 
D5  |To 
D4  QT 
DGND  \n 


TOP  VIEW 
— <3>  


Vhef  I 


m  nc 

ID  BUSY  AGND 
2l]  CS  (MSB)D11 

2(j]  RD  D10 

W]  HBEN  09 

l|]  CLKOUT  D8 

17]  CLK  IN  D7 

jU  D0/8  06 

lU  D1/9  05 

"u\  D2/10  04 

13]  D3/11  DGND 


TOP  VIEW 
— <3> — 


23]  NC 

22]  BUSY 

m  cs 

2(j]  RD 

19]  HBEN 

18]  CLK  OUT 

17]  CLK  IN 

16]  DO/8 

15]  D1/9 

14]  D2/10 

13]  D3/11 


J  PACKAGE  N  PACKAGE 

24-LEAD  CERAMIC  DIP  24-LEAD  PLASTIC  DIP 

LTC1272-POI01 


S  PACKAGE 
24-LEAD  PLASTIC  SOIC 


ORDER  PART  NUMBER 


CONVERSION 
TIME  =  3ns 

CONVERSION 
TIME  =  5p.s 

CONVERSION 
TIME  =  8iiS 

LTC1272-3AMJ 
LTC1272-3BMJ 
LTC1272-3CMJ 

LTC1272-3ACJ 
LTC1272-3BCJ 
LTC1272-3CCJ 

LTC1272-3ACN 
LTC1272-3BCN 
LTC1272-3CCN 

LTC1272-5AMJ 
LTC1272-5BMJ 
LTC1272-5CMJ 

LTC1272-5ACJ 
LTC1272-5BCJ 
LTC1272-5CCJ 

LTC1272-5ACN 
LTC1272-5BCN 
LTC1272-5CCN 

LTC1272-8AMJ 
LTC1272-8BMJ 
LTC1272-8CMJ 

LTC1272-8ACJ 
LTC1272-8BCJ 
LTC1272-8CCJ 

LTC1272-8ACN 
LTC1272-8BCN 
LTC1272-8CCN 

S  PACKAGE  ONLY 

LTC1272-3ACS 
LTC1272-3BCS 
LTC1272-3CCS 

LTC1272-5ACS 
LTC1272-5BCS 
LTC1272-5CCS 

LTC1272-8ACS 
LTC1272-8BCS 
LTC1272-8CCS 

COnV€RT€R  CHARACTERISTICS  With  Internal  Reference  (Note  4) 


PARAMETER 

CONDITIONS 

LTC1272-XA 
MIN     TYP  MAX 

LTC1272-XB 
MIN     TYP  MAX 

LTC1272-XC 
MIN     TYP  MAX 

UNITS 

Resolution  (No  Missing  Codes) 

• 

12 

12 

12 

Bits 

Integral  Linearity  Error 

(Note  5) 

±1/2 

±1 

±1 

LSB 

Com 

• 

±1/2 

±1 

±1 

Mil 

• 

±3/4 

±1 

±1 

Differential  Linearity  Error 

• 

±1 

±1 

±1 

LSB 

Offset  Error 

±3 

±3 

±4 

LSB 

• 

±4 

±5 

+6 

Gain  Error 

±10 

±10 

±15 

LSB 

Full  Scale  Tempco 

lour  (Reference)  =  0 

• 

±5  +25 

±10  ±25 

±10  ±45 

ppm/°C 
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MTCRflRl  R€F€R€HC€  CHRRRCT6RISTICS  (N.te  4) 


PARAMETER 

CONDITIONS 

LTC1272-XA/B 
MIN       TYP  MAX 

LTC1272-XC 
MIN      TYP  MAX 

UNITS 

VREF  Output  Voltage  (Note  6) 

l0UT  =  0 

2.400     2.420  2.440 

2.400     2.420  2.440 

V 

VREF  Output  Tempco 

l0UT  =  0 

• 

5  25 

10  45 

ppm/°C 

VREF  Line  Regulation 

4.75V  <VDD<  5.25V,  10UT  =  0 

0.01 

0.01 

LSB/V 

VREf  Load  Regulation  (Sourcing  Current) 

0<  HqutI  SlmA 

2 

2 

LSB/mA 

DIGITAL  flflD  DC  €L€CTRICfiL  CHRRRCTCRISTICS  (Note4) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1272-XA/B/C 
MIN       TYP  MAX 

UNITS 

Vm 

High  Level  Input  Voltage  CS.  RD,  HBEN,  CLK,N 

V0D  =  5.25V 

2.4 

V 

Vil 

Low  Level  Input  Voltage  CS,  RD,  HBEN,  CLK,N 

VD0  =  4.75V 

0.8 

V 

I  IN 

Input  Current  CS,  RD,  HBEN 

V|N  =  0VtoVDD 

+10 

uA 

I  IN 

Input  Current  CLKin 

V|N  =  OV  to  VDD 

±20 

pA 

VOH 

High  Level  Output  Voltage  All  Logic  Outputs 

VDD  =  4.75V 

lOUT  =  -10nA 

4.7 

V 

lOUT  =  -200uA 

4.0 

Vol 

Low  Level  Output  Voltage  All  Logic  Outputs 

VDD  =  4.75V,  lour  =  1.6mA 

0.4 

V 

loz 

High-Z  Output  Leakage  D1 1  -DO/8 

VouT  =  0VtoVDD 

±10 

MA 

Coz 

High-Z  Output  Capacitance  (Note  7) 

15 

PF 

ISOURCE 

Output  Source  Current 

Vout-OV 

-10 

mA 

■sink 

Output  Sink  Current 

VouT  =  VdD 

10 

mA 

Idd 

Positive  Supply  Current 

CS  =  RD  =  Vbd,  A|N  =  5V 

• 

15  30 

mA 

PD 

Power  Dissipation 

75 

mW 

DVflRflllC  RCCURRCV  (Note  4)  ISAmple  =  250kHz  (LTC1272-3),  166kHz  (LTC1272-5),  111kHz  (LTC1272-8) 

SYMBOL 

PARAMETER 

CONDITIONS 

LTC1272-XA/B/C 
MIN       TYP  MAX 

UNITS 

S/(N  +  D) 

Signal  to  Noise  Plus  Distortion  Ratio 

10kHz  Input  Signal 

72 

dB 

THD 

Total  Harmonic  Distortion  (Up  to  5th  Harmonic) 

10kHz  Input  Signal 

-82 

dB 

Peak  Harmonic  or  Spurious  Noise 

10kHz  Input  Signal 

-82 

dB 

nnmoG  ihput  (N..e4) 

SYMBOL 

PARAMETER 

CONDITIONS 

LTC1272-XA/B/C 
MIN       TYP  MAX 

UNITS 

Vim 

Input  Voltage  Range 

4.75V  <VDD<  5.25V 

• 

0  +5 

V 

I  IN 

Input  Current 

• 

3.5 

mA 

C|N 

Input  Capacitance 

50 

PF 

'acq 

Sample-and-Hold  Acquisition  Time 

• 

0.45  1 

U.S 
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TiminG  CHflRnCTCRISTICS  (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1272-XA/B/C 
MIN       TYP  MAX 

UNITS 

f| 

CS  to  RD  Setup  Time 

• 

0 

ns 

fe 

RD  to  IDSY  Delay 

CL  =  50pF 

80  190 

ns 

COM  Grade 

• 

230 

MIL  Grade 

• 

270 

t3 

Data  Access  Time  After  RDi 

CL  =  20pF 

50  90 

ns 

COM  Grade 

• 

110 

MIL  Grade 

• 

120 



CL=100pF 

70  125 

ns 

COM  Grade 

• 

150 

MIL  Grade 

• 

170 

u 

RD  Pulse  Width 

k 

ns 

COM  Grade 

• 

h 

MIL  Grade 

• 

k 

t5 

CS  to  RD  Hold  Time 

• 

0 

ns 

k 

Data  Setup  Time  After  BUSY 

40  70 

ns 

COM  Grade 

• 

90 

MIL  Grade 

• 

100 

t7 

Bus  Relinquish  Time 

20        30  75 

ns 

COM  Grade 

20  85 

MIL  Grade 

20  90 

tj 

HBEN  to  RD  Setup  Time 

0 

ns 

% 

HBEN  to  RD  Hold  Time 

0 

ns 

tio 

Delay  Between  RD  Operations 

200 

ns 

til 

Delay  Between  Conversions 

1 

US 

tiz 

Aperture  Delay  of  Sample  and  Hold 

Jitter  <50ps 

25 

ns 

tl3 

CLK  to  BUSY  Delay 

80  170 

ns 

COM  Grade 

• 

220 

MIL  Grade 

• 

260 

tCQNV 

Conversion  Time 

• 

12  13 

CLK 

Cycles 

The  •  indicates  specs  which  apply  over  the  full  operating  temperature 
range;  all  other  limits  and  typicals  T*  =  25°C. 
Note  1:  Absolute  maximum  ratings  are  those  values  beyond  which  the  life 
of  a  device  may  be  impaired. 

Note  2:  All  voltage  values  are  with  respect  to  ground  with  DGND  and 
AGND  wired  together  (unless  otherwise  noted). 
Note  3:  When  the  analog  input  voltage  is  taken  below  ground  it  will  be 
clamped  by  an  internal  diode.  This  product  can  handle,  with  no  external 
diode,  input  currents  of  greater  than  60mA  below  ground  without  latch- 
up. 

Note  4:  VDD  =  5V,  fCLK  =  4MHz  for  LTC1 272-3,  2.5MHz  for  LTC1 272-5 
and  1.6MHz  for  LTC1 272-8,  tr  =tf  =  5ns  unless  otherwise  specified.  For 
bestanalog  performance,  the  LTC1272  clock  should  be  synchronized  to 
the  RD  and  CS  control  inputs  with  at  least  40ns  separating  convert  start 
from  the  nearest  clock  edge. 


Note  5:  Linearity  error  is  specified  between  the  actual  end  points  of  the 
AID  transfer  curve. 

Note  6:  The  LTC1272  has  the  same  0V  to  5V  input  range  as  the  AD7572 
but,  to  achieve  single  supply  operation,  it  provides  a  +2.42V  reference 
output  instead  of  the  -5.25V  of  the  AD7572.  This  requires  that  the  polarity 
of  the  reference  bypass  capacitor  be  reversed  when  plugging  an  LTC1272 
into  an  AD7572  socket. 

Note  7:  Guaranteed  by  design,  not  subject  to  test. 
Note  8:  VDD  =  5V.  Timing  specifications  are  sample  tested  at  25°C  to 
ensure  compliance.  All  input  control  signals  are  specified  with  tr  =  t(  =  5ns 
(10%  to  90%  of  +5V)  and  timed  from  a  voltage  level  of  +1 .6V.  See  Figures 
13  through  17. 
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pin  Funcnons 

A|N  (Pin  1):  Analog  Input,  OV  to  +5V  unipolar  input. 

VrEf  (Pin  2):  +2.42V  Reference  Output.  When  plugging 
into  an  AD7572  socket,  reverse  the  reference  bypass 
capacitor  polarity  and  short  the  10Q  series  resistor. 

AGND  (Pin  3):  Analog  Ground 

D11-D4  (Pins  4-11):  Three-State  Data  Outputs 

DGND  (Pin  12):  Digital  Ground 

D3/11-D0/8  (Pins  13-16):  Three-State  Data  Outputs 

CLK  IN  (Pin  17):  Clock  Input.  An  external  TTL/CMOS 
compatible  clock  may  be  applied  to  this  pin  or  a  crystal  can 
be  connected  between  CLK  IN  and  CLK  OUT. 

CLK  OUT  (Pin  18):  Clock  Output.  An  inverted  CLK  IN  signal 
appears  at  this  pin. 

Data  Bus  Output,  CS  and  RD  =  LOW 


HBEN  (Pin  19):  High  Byte  Enable  Input.  This  pin  is  used  to 
multiplex  the  internal  12-bit  conversion  result  into  the 
lower  bit  outputs  (D7-D0/8).  See  table  below.  HBEN  also 
disables  conversion  starts  when  HIGH. 

RD  (Pin  20):  READJnput.  This  active  lowsignal  starts  a 
conversion  when  CS  and_HBEN  are  low.  RD  also  enables 
the  output  drivers  when  CS  is  low. 

CS  (Pin  21):  The  CHIP  SELECT  Input  must  be  low  for  the 

ADC  to  recognize  RD  and  HBEN  inputs. 


BUSY  (Pin  22):  The  BUSY  Output  is  low  when  a  conver- 
sion is  in  progress. 

NC  (Pin  23):  Not  connected  internally.  The  LTC1 272  does 
not  require  negative  supply.  This  pin  can  accommodate 
the  -1 5V  required  by  the  AD7572  without  problems. 

VDD  (Pin  24):  Positive  Supply,  +5V. 


Pin  4 

Pin  5 

Pin  6 

Pin  7 

Pin  8 

Pin  9 

Pin  10 

Pin  11 

Pin  13 

Pin  14 

Pin  15 

Pin  16 

MNEMONIC* 

D11 

D10 

D9 

D8 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

D1/9 

DO/8 

HBEN  =  LOW 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

HBEN  =  HIGH 

DB11 

DB10 

DB9 

DB8 

LOW 

LOW 

LOW 

LOW 

DB11 

DB10 

DB9 

DB8 

*  D1 1  ...00/8  are  the  AOC  data  output  pins. 
DB1 1  ...DBO  are  the  1 2-bit  conversion  results,  DB1 1  is  the  MSB. 


TYPICAL  P€RFORfnnnC€  CHRRRCT€RISTICS 
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TVPicm  PCRFORmnncc  chrrrctcristics 

Differential  Nan-Linearity 


0.5 


S  0 
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Vqd  Supply  Current  vs 
Temperature 
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Temperature 
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Temperature 
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LTC1272  ENOBs*  vs  Frequency 
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nppucnnons  inFORmnnon 

Conversion  Details 

Conversion  start  is  controlled  by  the  CS,  RD  and  HBEN 
inputs.  At  the  start  of  conversion  the  successive  approxi- 
mation register  (SAR)  is  reset  and  the  three-state  data 
outputs  are  enabled.  Once  a  conversion  cycle  has  begun 
it  cannot  be  restarted. 

During  conversion,  the  internal  12-bit  capacitive  DAC 
output  is  sequenced  by  the  SAR  from  the  most  significant 
bit  (MSB)  to  the  least  significant  bit  (LSB).  Referring  to 
Figure  1,  the  Aim  input  connects  to  the  sample-and-hold 
capacitor  through  a  300£V2.7kQ  divider.  The  voltage 
divider  allows  the  LTC1272  to  convert  OV  to  5V  input 
signals  while  operating  from  a  4.5V  supply.  The  conver- 
sion has  two  phases:  the  sample  phase  and  the  convert 
phase.  During  the  sample  phase,  the  comparator  offset  is 
nulled  by  the  feedback  switch  and  the  analog  input  is 
stored  as  a  charge  on  the  sample-and-hold  capacitor, 
Csample-  This  phase  lasts  from  the  end  of  the  previous 
conversion  until  the  next  conversion  is  started.  A  mini- 
mum delay  between  conversions  (tio)  of  Ips  allows 
enough  timefortheanalog  inputto  beacquired.  During  the 
convert  phase,  the  comparator  feedback  switch  opens, 
putting  the  comparator  into  the  compare  mode.  The 
sample-and-hold  capacitor  is  switched  to  ground  inject- 
ing the  analog  input  charge  onto  the  comparator  summing 
junction.  This  input  charge  is  successively  compared  to 
binary  weighted  charges  supplied  by  the  capacitive  DAC. 
Bit  decisions  are  made  by  the  comparator  (zero  crossing 
detector)  which  checks  the  addition  of  each  successive 
weighted  bit  from  the  DAC  output.  The  MSB  decision  is 
made  50ns  (typically)  after  the  second  falling  edge  of  CLK 
IN  following  a  conversion  start.  Similarly,  the  succeeding 
bit  decisions  are  made  approximately  50ns  after  a  CLK  IN 
edge  until  the  conversion  is  finished.  At  the  end  of  a 
conversion,  the  DAC  output  balances  the  AiMOUtputcharge. 
The  SAR  contents  (1 2-bit  data  word)  which  represent  the 
Aim  input  signal  are  loaded  into  a  12-bit  latch. 

Sample-and-Hold  and  Dynamic  Performance 

Traditionally  A/D  converters  have  been  characterized  by 
such  specs  as  offset  and  full-scale  errors,  integral  non- 


12-BIT 
LATCH 


Figure  1.A|N  Input 

linearity  and  differential  non-linearity.  These  specs  are 
useful  for  characterizing  an  ADC's  DC  or  low  frequency 
signal  performance. 

These  specs  alone  are  not  adequate  to  fully  specify  the 
LTC1272  because  of  its  high  speed  sampling  ability.  FFT 
(Fast  Fourrier  Transform)  test  techniques  are  used  to 
characterize  the  LTC1272's  frequency  response,  distor- 
tion and  noise  at  the  rated  throughput. 

By  applying  a  low  distortion  sine-wave  and  analyzing  the 
digital  output  using  a  FFT  algorithm,  the  LTC1 272's  spec- 
tral content  can  be  examined  for  frequencies  outside  the 
fundamental.  Figure  2  shows  a  typical  LTC1272  FFT  plot. 

0  I — |  1  1  1  1  1  1  1  1  1  1  1 — 

■10  —|  

-20  — j  

-30  

£  .40  

a  -so  — i  

|  -60  


0       20       40       60       80      100  120 
FREQUENCY (KHz) 

LTC1272-TA23 


Figure  2.  LTC1272  Non-Averaged,  1024  Point  FFT  Plot. 
fs  =  250kHz,  f|N  =  10kHz 
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nppucOTions  inFORmmion 

Signal  to  Noise  Ratio 

The  Signal  to  Noise  Ratio  (SNR)  is  the  ratio  between  the 
RMS  amplitude  of  the  fundamental  input  frequency  to  the 
RMS  amplitude  of  all  other  frequency  components  at  the 
A/D  output.  This  includes  distortion  as  well  as  noise 
products  and  forthis  reason  it  is  sometimes  referred  to  as 
Signal  to  Noise  +  Distortion  [S/(N  +  D)] .  The  output  is  band 
limited  to  frequencies  from  DC  to  one  half  the  sampling 
frequency.  Figure  2  shows  spectral  content  from  DC  to 
125kHz  which  is  1/2  the  250kHz  sampling  rate. 

Effective  Number  of  Bits 

The  effective  number  of  bits  (ENOBs)  is  a  measurement  of 
the  resolution  of  an  A/D  and  is  directly  related  to  the 
S/(N  +  D)  by  the  equation: 

N  =  [S/(N  +  D)-1.76]/6.02, 

where  N  is  the  effective  number  of  bits  of  resolution  and 
S/(N  +  D)  is  expressed  in  dB.  At  the  maximum  sampling 
rate  of  250kHz  the  LTC1272  maintains  11.5  ENOBs  or 
better  to  20kHz.  Above  20kHz  the  ENOBs  gradually  de- 
cline, as  shown  in  Figure  3,  due  to  increasing  second 
harmonic  distortion.  The  noise  floor  remains  approxi- 
mately 90dB.  The  dynamic  differential  non-linearity  re- 
mains good  out  to  1 20kHz  as  shown  in  Figure  4. 


f< 

=  ; 

50 

Hz 

VDD  =  5V 

60  80  100  120 
<IN  (KHz) 


LT1272-TPC07 


Figure  3.  LTC1272  Effective  Number  of  Bits  (ENOBs)  vs  Input 
Frequency.  fs=  " 


■  s  = 


2  3  4 

CODE (THOUSANDS) 


LTC127Z-TA24 


Figure  4.  LTC1272  Dynamic  DNL.  fCLK  =  4MHz, 
fs  =  250kHz,  fIN  =  122.25342kHz,  Vcc  =  5V 

Total  Harmonic  Distortion 

Total  Harmonic  Distortion  (THD)  is  the  ratio  of  the  RMS 
sum  of  all  harmonics  of  the  input  signal  to  the  fundamental 
itself.  The  harmonics  are  limited  to  the  frequency  band 
between  DC  and  one  half  the  sampling  frequency.  THD  is 
expressed  as:  20  LOG  [W22  +  V32  W^/V^  where  ^  is 
the  RMS  amplitude  of  the  fundamental  frequency  and  V2 
through  VN  are  the  amplitudes  of  the  second  through  Nth 
harmonics. 

Clock  and  Control  Synchronization 

For  best  analog  performance, Jhe  LTC1272  clock  should 
be  synchronized  to  the  CS  and  RD  control  inputs  as  shown 
in  Figure  5,  with  at  least  40ns  separating  convert  start  from 
the  nearest  CLK  IN  edge.  This  ensures  that  transitions  at 
CLK  IN  and  CLK  OUT  do  not  couple  to  the  analog  input  and 
get  sampled  by  the  sample-and-hold.  The  magnitude  of 
this  feedthroughjs  onlya  few  millivolts,  but  if  CLK  and 
convert  start  (CS  and  RD)  are  asynchronous,  frequency 
components  caused  by  mixing  the  clock  and  convert 
signals  may  increase  the  apparent  input  noise. 

When  the  clock  and  convert  signals  are  synchronized, 
small  endpoint  errors  (offset  and  full  scale)  are  the  most 
that  can  be  generated  by  clock  feedthrough.  Even  these 
errors  (which  can  be  trimmed  out)  can_be  eliminated  by 
ensuring  that  the  start  of  a  conversion  (CS  and  RD  falling 
edge)  does  not  occur  within  40ns  of  a  clock  edge,  as  in 
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Figure  5.  RD  and  CLK  IN  for  Synchronous  Operation 


Figure  5.  Nevertheless,  even  without  observing  this  guide- 
line, the  LTC1 272  is  still  compatible  with  AD7572  synchro- 
nization modes,  with  no  increase  in  linearity  error.  This 
means  that  either  the  falling  or  rising  edge  of  CLK  ll\l  may 
be  near  RD's  falling  edge. 

Driving  the  Analog  Input 

The  analog  input  of  the  LTC1272  is  much  easier  to  drive 
than  that  of  the  AD7572.  The  input  current  is  not  modu- 
lated by  the  DAC  as  in  the  AD7572.  It  has  only  one  small 
current  spike  from  charging  the  sample-and-hold  capaci- 
tor at  the  end  of  the  conversion.  During  the  conversion  the 
analog  input  draws  only  DC  Current.  The  only  requirement 
is  that  the  amplifier  driving  the  analog  input  must  settle 
after  the  small  current  spike  before  the  next  conversion  is 
started.  Any  op  amp  that  settles  in  1lis  to  small  current 
transients  will  allow  maximum  speed  operation.  If  slower 
op  amps  are  used,  more  settling  time  can  be  provided  by 
increasing  the  time  between  conversions.  Suitable  de- 
vices capable  of  driving  the  LTC1 272  A|N  input  include  the 
LT1006  and  LT1007  op  amps. 

Internal  Clock  Oscillator 

Figure  6  shows  the  LTC1272  internal  clock  circuit.  A 
crystal  or  ceramic  resonator  may  be  connected  between 
CLK  IN  (Pin  17)  and  CLK  OUT  (Pin  18)  to  provide  a  clock 
oscillatorfor  ADC  timing.  Alternatively  the  crystal/resona- 
tor may  be  omitted  and  an  external  clock  source  may  be 


NOTES: 

LTC1272-3  -  4MHz  CRYSTAL/CERAMIC  RESONATOR 
LTC1272-5  -  2.5MHz  CRYSTAL/CERAMIC  RESONATOR 
LTC1272-8  - 1 ,6MHz  CRYSTAL/CERAMIC  RESONATOR 

Figure  6.  LTC1272  Internal  Clock  Circuit 


connected  to  CLK  IN.  For  an  external  clock  the  duty  cycle 
is  not  critical.  An  inverted  CLK  IN  signal  will  appear  at  the 
CLK  OUT  pin  as  shown  in  the  operating  waveforms  of 
Figure  7.  Capacitance  on  the  CLK  OUT  pin  should  be 
minimized  for  best  analog  performance. 

Internal  Reference 

The  LTC1 272  has  an  on-chip,  temperature-compensated, 
curvature  corrected,  bandgap  reference,  which  is  factory 
trimmed  to  2.42V  ±1%.  It  is  internally  connected  to  the 
DAC  and  is  also  available  at  Pin  2  to  provide  up  to  1mA 
current  to  an  external  load. 

For  minimum  code  transition  noise  the  reference  output 
should  be  decoupled  with  a  capacitor  to  filter  wideband 
noise  from  the  reference  (1  OuJ  tantalum  in  parallel  with  a 
0.1  [if  ceramic).  A  simplified  schematic  of  the  reference 
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Figure  7.  Operating  Waveforms  Using  an  External  Clock  Source  lor  CLK  IN 


Figure  8.  LTC1272  Internal  2.42V  Reference 
Unipolar  Operation 

Figure  9  shows  the  ideal  input/output  characteristic  forthe 
OV  to  5V  input  range  of  the  LTC1 272.  The  code  transitions 
occur  midway  between  successive  integer  LSB  values 
(i.e.,  1/2  LSB,  3/2  LSBs,  5/2  LSBs  . . .  FS-3/2  LSBs).  The 
output  code  is  natural  binary  with  1  LSB  =  FS/4096  =  (5/ 
4096)V  =  1.22mV. 

Unipolar  Offset  and  Full-Scale  Error  Adjustment 

In  applications  where  absolute  accuracy  is  important,  then 
offset  and  full-scale  error  can  be  adjusted  to  zero.  Offset 
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Figure  9.  LTC1272  Ideal  Input/Output  Transfer  Characteristic 

error  must  be  adjusted  before  full-scale  error.  Figure  10 
shows  the  extra  components  required  for  full-scale  error 
adjustment.  Zero  offset  is  achieved  by  adjusting  the  offset 
of  the  op  amp  driving  A|N  (i.e.,  A1  in  Figure  10).  For  zero 
offset  error  apply  0.61  mV  (i.e.,  1/2  LBS)  at  V!N  and  adjust 
the  op  amp  offset  voltage  until  the  ADC  output  code 
flickers  between  0000  0000  0000  and  0000  0000  0001. 

For  zero  full-scale  error  apply  an  analog  input  of  4.9981 7V 
(i.e.,  FS-3/2  LSBs  or  last  code  transition)  at  V|N  and  adjust 
R1  until  the  ADC  output  code  flickers  between  11111111 
1110  and  1111  1111  1111. 


XTIBSS 
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Figure  10.  Unipolar  0V  to  +5V  Operation  with  Gain  Error  Adjust 
Application  Hints 

Wire  wrap  boards  are  not  recommended  for  high  resolu- 
tion or  high-speed  A/D  converters.  To  obtain  the  best 
performance  from  the  LTC1272  a  printed  circuit  board  is 
required.  Layout  for  the  printed  circuit  board  should 
ensure  that  digital  and  analog  signal  lines  are  separated  as 
much  as  possible.  In  particular,  care  should  be  taken  not 
to  run  any  digital  track  alongside  an  analog  signal  track  or 
underneath  the  LTC1272.  The  analog  input  should  be 
screened  by  AGND. 

A  single  point  analog  ground  separate  from  the  logic 
system  ground  should  be  established  with  an  analog 
ground  plane  at  Pin  3  (AGND)  oras  close  as  possible  to  the 
LTC1 272,  as  shown  in  Figure  1 1 .  Pin  1 2  (LTC1 272  DGND) 
and  all  other  analog  grounds  should  be  connected  to  this 
single  analog  ground  point.  No  other  digital  grounds 
should  be  connected  to  this  analog  ground  point.  Low 
impedance  analog  and  digital  power  supply  common 
returns  are  essential  to  low  noise  operation  of  the  ADC  and 


the  foil  width  for  these  tracks  should  be  as  wide  as 
possible. 

Noise:  Input  signal  leads  to  Aim  and  signal  return  leads 
from  AGND  (Pin  3)  should  be  kept  as  short  as  possible  to 
minimize  input  noise  coupling.  In  applications  where  this 
is  not  possible,  a  shielded  cable  between  source  and  ADC 
is  recommended.  Also,  since  any  potiential  difference  in 
grounds  between  the  signal  source  and  ADC  appears  as  an 
error  voltage  in  series  with  the  input  signal,  attention 
should  be  paid  to  reducing  the  ground  circuit  impedances 
as  much  as  possible. 

In  applications  where  the  LTC1272  data  outputs  and 
control  signals  are  connected  to  a  continuously  active 
microprocessor  bus,  it  is  possible  to  get  LSB  errors  in 
conversion  results.  These  errors  are  due  to  feedthrough 
from  the  microprocessorto  the  successive  approximation 
comparator.  The  problem  can  be  eliminated  by  forcing  the 
microprocessor  into  a  WAIT  state  during  conversion  (see 
Slow  Memory  Mode  interfacing),  or  by  using  three-state 
buffers  to  isolate  the  LTC1272  data  bus. 

Timing  and  Control 

Conversion  start  and  data  read  operations  are  controlled 
by  three  LTC1272  digital  inputs;  HBEN,  CS  and  RD.  Figure 
1 2  shows  the  logic  structure  associated  with  these  inputs. 
The  three  signals  are  internally  gated  so  that  a  logic  "0"  is 
required  on  all  three  inputs  to  initiate  a  conversion.  Once 
initiated  it  cannot  be  restarted  until  conversion  is  com- 
plete. Converter  status  is  indicated  by  the  BUSY  output, 
and  this  is  low  while  conversion  is  in  progress. 


Figure  11.  Power  Supply  Grounding  Practice 
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There  are  two  modes  of  operation  as  outlined  by  the  timing 
diagrams  of  Figures  13  to  17.  Slow  Memory  Mode  is 
designed  for  microprocessors  which_can  be_d_riven  into  a 
WAIT  state,  a  READ  operation  brings  CS  and  RD  low  which 
initiates  a  conversion  and  data  is  read  when  conversion  is 


The  second  is  the  ROM  Mode  which  does  not  require 
microprocessor  WAIT  states.  A  READ  operation  brings  CS 
and  RD  low  which  initiates  a  conversion  and  reads  the 
previous  conversion  result. 


•  CONVERSION  START 
(RISING  EDGE  TRIGGER) 


ENABLE  THREE-STATE  OUTPUTS 
D11...DO/8  =  DB11....DB0 
ENABLE  THREE-STATE  OUTPUTS 

11 ' 


'  D1 1  ....DO/8  ARE  THE  ADC  DATA  OUTPU 
DB11....DB0  ARE  THE  12-BIT  CONVERSION  RESULTS 


Figure  12.  Internal  Logic  for  Control  Inputs  CS,  RD  and  HBEN 


CS&.RD 


UNCERTAIN  CONVERSION  TIME  FOR  30ns  <  t14  <  180ns 

'THE  LTC1272  IS  ALSO  COMPATIBLE  WITH  THE  AD7572  SYNCHRONIZATION  MODES. 
SEE  "DIGITAL  INTERFACE"  TEJCT. 

Figure  13.  RD  and  CLK  IN  tor  Synchronous  Operation 
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Table  1.  Data  Bus  Output,  CS  and  RD  =  Low 


PIN  4 

PIN  5 

PIN  6 

PIN  7 

PINS 

PIN  9 

PIN  10 

PIN  11 

PIN  13 

PIN  14 

PIN  15 

PIN  16 

Data  Outputs* 

D11 

D10 

D9 

D8 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

D1/9 

DO/8 

HBEN  =  Low 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

HBEN  =  High 

DB11 

DB10 

DB9 

DB8 

Low 

Low 

Low 

Low 

DB11 

DB10 

DB9 

DB8 

Note:  *D1 1  . . .  DO/8  are  the  ADC  data  output  pins 

DB11  . . .  DBO  are  the  12-bit  conversion  results,  DB1 1  is  the  MSB 
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Figure  14.  Slow  Memory  Mode,  Parallel  Read  Timing  Diagram 
Table  2.  Slow  Memory  Mode,  Parallel  Read  Data  Bus  Status 


Data  Outputs 

D11 

D10 

D9 

D8 

D7 

D6 

D5 

D4 

|  D3/11 

D2/10 

01/9 

DO/8 

Read 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4    |  DB3 

DB2 

DB1 

DBO 

Data  Format 


The  output  data  format  can  be  either  a  complete  parallel 
load  for  1 6-bit  microprocessors  or  a  two  byte  load  for  8- 
bit  microprocessors.  Data  is  always  right  justified  (i.e., 
LSB  is  the  most  right-hand  bit  in  a  1 6-bit  word).  For  a  two 
byte  read,  only  data  outputs  D7. . .  DO/8  are  used.  Byte 
selection  is  governed  by  the  HBEN  input  which  controls  an 
internal  digital  multiplexer.  This  multiplexes  the  1 2-bits  of 
conversion  data  onto  the  lower  D7.  .  .  DO/8  outputs 
(4  MSBsor8  LSBs)  where  it  can  be  read  in  two  read  cycles. 
The  4  MSB's  always  appear  on  D1 1  . . .  D8  whenever  the 
three-state  output  drives  are  turned  on. 

Slow  Memory  Mode,  Parallel  Read  (HBEN  =  Low) 

Figure  14  and  Table  2  show  the  timing  diagram  and_data 
bus  status  for  Slow  Memory  Mode,  Parallel  Read.  CS  and 
RD  going  low  triggers  a  conversion  and  the  LTC1272 
acknowledges  by  taking  BUSY  low.  Data  from  the  previous 
conversion  appears  on  the  three-state  data  outputs.  BUSY 
returns  high  at  the  end  of  conversion  when  the  output 
latches  have  been  updated  and  the  conversion  result  is 
placed  on  data  outputs  D11  . . .  DO/8. 


Slow  Memory  Mode,  Two  Byte  Read 

For  a  two  byte  read  only  8  data  outputs  D7  . . .  DO/8  are 
used.  Conversion  start  procedure  and  data  output  status 
for  the  first  read  operation  is  identical  to  Slow  Memory 
Mode,  Parallel  Read.  See  Figure  15  timing  diagram  and 
Table  3  data  bus  status.  At  the  end  of  conversion  the  low 
data  byte  (DB7 . . .  DBO)  is  read  from  the  ADC.  A  second 
READ  operation  with  HBEN  high,  places  the  high  byte  on 
data  outputs  D3/1 1 . . .  DO/8  and  disables  conversion  start. 
Note  the  4  MSB's  appear  on  dataoutputs  D1 1 . . .  D8  during 
the  two  READ  operations  above. 

ROM  Mode,  Parallel  READ  (HBEN  =  Low) 

The  ROM  Mode  avoids  placing  a  microprocessor  into  a 
WAIT  state.  A  conversion  is  started  with  a  READ  operation 
and  the  12  bits  of  data  from  the  previous  conversion  is 
available  on  data  outputs  D1 1 . . .  DO/8  (see  Figure  1 6  and 
Table  4).  This  data  may  be  disregarded  if  not  required.  A 
second  READ  operation  reads  the  new  data  (DB11  . .  . 
DBO)  and  starts  another  conversion.  A  delay  at  least  as 
long  as  the  LTC1272  conversion  time  plus  the  1u.s  mini- 
mum delay  between  conversions  must  be  allowed  be- 
tween READ  operations. 
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Figure  15.  Slow  Memory  Mode,  Two  Byte  Read  Timing  Diagram 
Table  3.  Slow  Memory  Mode,  Two  Byte  Read  Data  Bus  Status 


Data  Outputs 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

D1/9 

DO/8 

First  Read 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

Second  Read 

Low 

Low 

Low 

Low 

DB11 

DB10 

DB9 

DB8 

cs 

RE 
BUSY 

DATA- 

HOLD- 
TRACK  - 


~\  X  I 


<CONV~ 


7L  OLD  DATA  Jr 
\  DB11-DB0  -f 


-<12 


'CONV  ' 


r 


jL  NEW  DATA  Jr 
\  DB11-DB0  -f 


"tl2 


1_ 


Figure  16.  ROM  Mode,  Parallel  Read  Timing  Diagram 
Table  4.  ROM  Mode,  Parallel  Read  Data  Bus  Status 


Data  Outputs 

D11 

D10 

D9 

D8 

D7 

D6 

DS 

D4 

D3/11 

02/10 

D1/9 

DO/8 

First  Read  (Old  Data) 

DB11 

DB10 

DB9 

DBS 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

Second  Read 

DB11 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 
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Figure  17.  ROM  Mode,  Two  Byte  Read  Timing  Diagram 
Table  5.  ROM  Mode,  Two  Byte  Read  Data  Bus  Status 


Data  Outputs 

D7 

D6 

D5 

D4 

D3/11 

D2/10 

D1/9 

DO/8 

First  Read 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

Second  Read 

Low 

Low 

Low 

Low 

DB11 

DB10 

DB9 

DB8 

Third  Read 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DB1 

DBO 

ROM  Mode,  Two  Byte  READ 

As  previously  mentioned  for  a  two  byte  read,  only  data 
outputs  D7 ...  DO/8  are  used.  Conversion  is  started  in  the 
normal  way  with  a  READ  operation  and  the  data  output 
status  is  the  same  as  the  ROM  Mode,  Parallel  Read.  See 
Figure  1 7  timing  diagram  and  Table  5  data  bus  status.  Two 
more  READ  operations  are  required  to  access  the  new 
conversion  result.  A  delay  equal  to  the  LTC1272  conver- 
sion time  must  be  allowed  between  conversion  start  and 
the  second  data  READ  operation.  The  second  READ  opera- 
tion, with  HBEN  high,  disables  conversion  start  and  places 
the  high  byte  (4  MSBs)  on  data  outputs  D3/11  . . .  D018. 
A  third  read  operation  accesses  the  low  data  byte  (DB7 
.  .  .  DBO)  and  starts  another  conversion.  The  4  MSB's 
appear  on  data  outputs  D11  . . .  D8  during  all  three  read 
operations  above. 


Microprocessor  Interfacing 

The  LTC1272  is  designed  to  interface  with  microproces- 
sors as  a  memory  mapped  device.  The  CS  and  RD  control 
inputs  are  common  to  all  peripheral  memory  interfacing. 
The  HBEN  input  serves  as  a  data  byte  select  for  8-bit 
processors  and  is  normally  connected  to  the  micropro- 
cessor address  bus. 

MC68000  Microprocessor 

Figure  1 8  shows  a  typical  interface  for  the  MC68000.  The 
LTC1 272  is  operating  in  the  Slow  Memory  Mode.  Assum- 
ing the  LTC1272  is  located  at  address  C000,  then  the 
following  single  16-bit  MOVE  instruction  both  starts  a 
conversion  and  reads  the  conversion  result: 

Move.W  $C000,D0 
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Figure  18.  LTC1272  MC68000  Interface 

At  the  beginning  of  the  instruction  cycle  when  the  ADC 
address  is  selected,  BUSY  and  CS  assert  DTACK,  so  that 
the  MC68000  is  forced  into  a  WAIT  state.  At  the  end  of 
conversion  BUSY  returns  high  and  the  conversion  result 
is  placed  in  the  DO  register  of  the  microprocessor. 

8085A,  Z80  Microprocessor 

Figure  19  shows  a  LTC1272  interface  for  the  Z80  and 
8085A.  The  LTC1272  is  operating  in  the  Slow  Memory 
Mode  and  a  two  byte  read  is  required.  Not  shown  in  the 
figure  is  the  8-bit  latch  required  to  demultiplex  the  8085A 
common  address/data  bus.  AO  is  used  to  assert  HBEN,  so 
that  an  even  address  (HBEN  =  LOW)  to  the  LTC1272  will 
start  a  conversion  and  read  the  low  data  byte.  An  odd 
address  (HBEN  =  HIGH)  will  read  the  high  data  byte.  This 


is  accomplished  with  the  single  16-bit  LOAD 
below. 


For  the  8085A 
For  the Z80 


LHLD  (BOOO) 
LDHL,  (BOOO) 


This  is  a  two  byte  read  instruction  which  loads  the  ADC 
data  (address  BOOO)  into  the  HL  register  pair.  During  the 
first  read  operation,  BUSY  forces  the  microprocessor  to 
WAIT  for  the  LTC1272  conversion.  No  WAIT  states  are 
inserted  during  the  second  read  operation  when  the  mi- 
croprocessor is  reading  the  high  data  byte. 

TMS32010  Microcomputer 

Figure  20  shows  an  LTC1272  TMS32010  interface.  The 
LTC1272  is  operating  in  the  ROM  Mode.  The  interface  is 
designed  for  a  maximum  TMS32010  clock  frequency  of 
18MHz  but  will  typically  work  over  the  full  TMS32010 
clock  frequency  range. 

The  LTC1 272  is  mapped  at  a  port  address.  The  following 
I/O  instruction  starts  a  conversion  and  reads  the  previous 
conversion  result  into  data  memory. 


IN  A,PA 


(PA  =  PORT  ADDRESS) 


When  conversion  is  complete,  a  second  I/O  instruction 
reads  the  up-to-date  data  into  memory  and  starts  another 
conversion.  A  delay  at  least  as  long  as  the  ADC  conversion 
time  must  be  allowed  between  I/O  instructions. 


•  LINEAR  CIRCUITRY  OMITTED  FOR  CLARITY 


Figure  20.  LTC1272  TMS32010  Interface 
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AppucflTions  inFORmnnon 


Compatibility  with  the  AD7572 

Figure  21  shows  the  simple,  single  5V  configuration 
recommended  for  new  designs  with  the  LTC1272.  If  an 
AD7572  replacement  or  upgrade  is  desired,  the  LTC1 272 
can  be  plugged  into  an  AD7572  socket  with  minor  modi- 
fications. It  can  be  used  as  a  replacement  or  to  upgrade 
with  sample-and-hold,  single  supply  operation  and  re- 
duced power  consumption. 

The  LTC1272,  while  consuming  less  power  overall  than 
the  AD7572,  draws  more  current  from  the  +5V  supply  (it 
draws  no  power  from  the  -15V  supply).  Also,  a  1u.s 


minimum  time  between  conversions  must  be  provided  to 
allow  the  sample-and-hold  to  reacquire  the  analog  input 
Figure_22  shows  that  if  the  clock  is  synchronous  with  CS 
and  RD,  it  is  only  necessary  to  short  out  the  10£2  series 
resistor  and  reverse  the  polarity  of  the  10liF  bypass 
capacitor  on  the  VREF  pin.  The  -1 5V  supply  is  not  required 
and  can  be  removed,  or,  because  there  is  no  internal 
connection  to  Pin  23,  it  can  remain  unmodifiedJTie  clock 
can  be  considered  synchronous  with  CS  and  RD  in  cases 
where  the  LTC1 272  CLK  IN  signal  is  derived  from  the  same 
clock  as  the  microprocessor  reading  the  LTC1272. 


LTC1272 


ANALOG  INPUT 

(0V-5V) 


0.1nF* 


1  FOR  GROUNDING  AND  BYPASSING  HINTS 
SEE  FIGURE  11  AND  APPLICATION  HINTS 
SECTION 


Figure  21.  Single  5V  Supply,  3ms,  12-Bit  Sampling  ADC 


 LTC1272 

nppucmions  inFORmnnon 


ANALOG  INPUT 
(0V-5V) 


+2.42V  IUV-5V)  10n. 


DATA  < 
BUS 


_0.1(iF 


— •  15V 

10|iF 


-J^V 

0.1(iF  __10(iF 


CONTROL 
LINES 


•  THE  LTC1272  HAS  THE  SAME  OV  TO  5V  INPUT  RANGE  BUT  PROVIDES  A  +2.42V 
REFERENCE  OUTPUT  AS  OPPOSED  TO  THE  -5.25V  OF  THE  AD7572.  FOR  PROPER 
OPERATION.  REVERSE  THE  REFERENCE  CAPACITOR  POLARITY  AND  SHORT  OUT  THE 
10£i  RESISTOR. 

"  THE  ADC  CLOCJLSHOULD  BE  SYNCHRONIZED  TO  THE  CONVERSION  START 
SIGNALS  (S5.  RD)  OR  1-2  LSBs  OF  OUTPUT  CODE  NOISE  MAY  OCCUR.  DERIVING 
THE  ADC  CLOCK  FROM  THE  nP  CLOCK  IS  ADEQUATE. 

+  THE  LTC1 272  CAN  ACCOMMODATE  THE  -15V  SUPPLY  OF  THE  AD7572  BUT  DOES 
NOT  REQUIRE  IT.  PIN  23  OF  THE  LTC1272  IS  NOT  INTERNALLY  CONNECTED. 

LTC1I72  •  TAW 


Figure  22.  Plugging  the  LTC1272  into  an  AD7572 
Case  1:  Clock  Synchronous  with  CS  and  RD 


If  the  clock  signal  for  the  AD7572  is  derived  from  a 
separate  crystal  or  other  signal  which  is  not  synchronous 
with  the  microprocessor  clock,  then  the  signals  need  to  be 
synchronized  for  the  LTC1272  to  achieve  best  analog 
performance  (see  Clock  and  Control  Synchronization). 
The  best  way  to  synchronize  these  signals  is  to  drive  the 
CLK  pin  of  the  LTC1272  with  a  derivative  of  the 
processor  clock,  as  mentioned  above  and  shown  in  Figure 
22.  Another  way,  shown  in  Figure  23,  is  to  use  a  flip-flop 
to  synchronize  the  RD  to  the  LTC1272  with  the  CLK  IN 
signal.  This  method  will  work  but  has  two  disavantages 


over  the  first:  Because  the  RD  is  delayed  by  the  flip-flop, 
the  actual  conversion  start  and  the  enabling  of  the 
LTC1 272  s  BUSY  and  dateoutputs  can  take  up  to  one  CLK 
IN  cycle  to  respond  to  a  RDl  convert  command  from  the 
processor.  The  sampling  of  the  analog  input  no  longer 
occurs  at  the  processor's  falling  RD  edge  but  may  be 
delayed  as  much  as  one  CLK  IN  cycle.  Although  the 
LTC1272  will  still  exhibit  excellent  DC  performance,  the 
flip-flop  will  introduce  jitter  into  the  sampling  which  may 
reduce  the  usefulness  of  this  method  for  AC  systems. 
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nppucRTions  inFORmnTion 


ANALOG  INPUT  . 
♦2.42V-  (0V-5V)  10s2- 

V™  1Q.,F?+  ToiuFT  >AVT^ 
OUTPUT      HLLL  I  


AGND       BUSY  3 
(MSB)     CS  ^ 


s 

Q      1/2  D" 

y^y'4HC04 

74HC74 

CLKT 

MP 

CONTROL 
LINES 


EXTERNAL 
ASYNCHRONOUS 
CLOCK 


•  THE  LTC1272  HAS  THE  SAME  OV  TO  5V  INPUT  RANGE  BUT  PROVIDES  A  *2.42V 
REFERENCE  OUTPUT  AS  OPPOSED  TO  THE  -5.25V  OF  THE  AD7572  FOR  PROPER 
OPERATION,  REVERSE  THE  REFERENCE  CAPACITOR  POLARITY  AND  SHORT  OUT  THE 
10£2  RESISTOR. 

•'  THE  D  FLIP-FLOP  SYNCHRONIZES  THE  CONVERSION  START  SIGNAL  (RD1)  TO  THE 
ADC  CLKouT  SIGNAL  TO  PREVENT  OUTPUT  CODE  NOISE  WHICH  OCCURS  WITH 
AN  ASYNCHRONOUS  CLOCK. 

f  THE  LTC1272  CAN  ACCOMMODATE  THE  -15V  SUPPLY  OF  THE  AD7572  BUT  DOES 
NOT  REQUIRE  IT.  PIN  23  OF  THE  LTC1272  IS  NOT  INTERNALLY  CONNECTED. 


Figure  23.  Plugging  the  LTC1272  intoan  AD7572  Socket 
Case  2:  Clock  Not  Synchronous  with  CS  and  RD 
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LinCAB. 


TECHNOLOGY 


LTC1287 


3V  Single  Chip  12-Bit 
Data  Acquisition  System 


F€flTUR€S 

■  Single  Supply  3.3V  or  ±3.3V  Operation 

■  Built-in  Sample-and-Hold 

■  Direct  3-Wire  Interface  to  Most  MPU  Serial  Ports  and 
All  MPU  Parallel  Ports 

■  30kHz  Maximum  Throughput  Rate 

K€Y  SPCCIFKRTIOnS 

■  Minimum  Guaranteed  Supply  Voltage:  2.7V 

■  Resolution:  12  Bits 

■  Fast  Conversion  Time:  24us  Max  Over  Temp. 

■  Low  Supply  Current:  1.0mA 


typical  nppucmion 

■  Battery-Powered  Instruments 

■  Data  Logger 

■  Data  Acquisition  Modules 


DCSCMPTIOn 

The  LTC1287  is  a  3V  data  acquisition  component  which 
contains  a  serial  I/O  successive  approximation  A/D  con- 
verter. The  device  specifications  are  guaranteed  at  a 
supply  voltage  of  2.7V.  It  uses  LTCMOS™  switched  ca- 
pacitor technology  to  perform  a  12-bit  unipolar,  A/D 
conversion.  The  differential  input  has  an  on-chip  sample- 
and-hold  on  the  (+)  input. 

The  serial  I/O  is  designed  to  communicate  without  external 
hardware  to  most  MPU  serial  ports  and  all  MPU  parallel 
I/O  ports  allowing  data  to  be  transmitted  and  received  over 
three  wires.  The  low  voltage  operating  capability  and  the 
low  power  consumption  of  this  device  make  it  ideally 
suited  for  battery  applications.  Given  theease  of  use,  small 
package  size  and  the  minimum  number  of  interconnects 
for  I/O,  the  LTC1287  can  be  used  for  remote  sensing 
applications, 

LTCMOS  is  a  trademark  of  Linear  Technology  Corporation 


3V  Differential  Input  Data  Acquisition  System 

22(iF  TANTALUM 
1 


INL  with  VREF  =  1.2V 


DIFFERENTIAL  INPUTS 
COMMON  MODE  RANGE 
OVTOVrjc* 


TO  AND  FROM  MPU 


512     1024     1536    2048    2560    3072     3584  4096 
CODE 


'  FOR  OVERVOLTAGE  PROTECTION.  LIMIT  THE  INPUT  CURRENT  TO  15mA 
PER  PIN  OR  CLAMP  THE  INPUTS  TO  Vcc  AND  GND  WITH  1N4148  DIODES. 
CONVERSION  RESULTS  ARE  NOT  VALID  WHEN  THE  SELECTED  CHANNEL  OR 
OTI 
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LTC1287 


fli>soiuT€  mnximum  rrtirgs 

(Notes  1  and  2) 

Supply  Voltage  (Vcc)toGND  12V 

Voltage 

Analog  and  Reference  Inputs  -0.3V  to  VCc  +  0.3V 

Digital  Inputs  -0.3V  to  12V 

Digital  Outputs  -0.3V  to  VCc  +  0.3V 

Power  Dissipation   500mW 

Operating  Temperature  Range 

LTC1287BI,  LTC1287CI  -40°C  TO  85°C 

LTC1287BC,  LTC1287CC  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


prckrg€/ordcr  inFORmflTion 


TOP  VIEW 

ORDER  PART 
NUMBER 

cs  |T 

+IN  [T 
-IN  |T 
GND  [T 

 \W  — 

TjVcc 
7]  CLK 

Udout 
XKef 

LTC1287BIJ 
LTC1287CIJ 
LTC1287BIN 
LTC1287CIN 

J8  PACKAGE 
8-LEAO  CERAMIC  DIP 

LTC1287BCJ 
LTC1287CCJ 

N8  PACKAGE 
8-LEAD  PLASTIC  DIP 

1287  PO 

LTC1287BCN 
LTC1287CCN 

COfW€RT€R  ROD  mULTIPL€X€R  CHARACTERISTICS  (Notes) 


PARAMETER 

CONDITIONS 

LTC1287B 
MIN    TYP  MAX 

LTC1287C 
MIN    TYP  MAX 

UNITS 

Offset  Error 

Vcc  =  2.7V  (Note  4) 

• 

±3.0 

±3.0 

LSB 

Linearity  Error  (INL) 

Vcc  =  2.7V  (Notes  4  &  5) 

• 

±0.5 

±0.5 

LSB 

Gain  Error 

Vcc  =  2.7V  (Note  4) 

• 

±0.5 

±1.0 

LSB 

Minimum  Resolution  for  Which  No 
Missing  Codes  are  Guaranteed 

• 

12 

12 

Bits 

Analog  and  REF  Input  Range 

(Note  7) 

(V-)- 0.05V  to  Vcc  +  0.05V 

V 

On  Channel  Leakage  Current  (Note  8) 

On  Channel  =  3V 
Off  Channel  =  0V 

• 

±1 

±1 

MA 

On  Channel  =  0V 
Off  Channel  =  3V 

• 

±1 

±1 

uA 

Off  Channel  Leakage  Current  (Note  8) 

On  Channel  =  3V 
Off  Channel  =  0V 

• 

±1 

±1 

uA 

On  Channel  =  0V 
Off  Channel  =  3V 

• 

±1 

+1 

ha 

RC  CHRRRCT6RISTICS  (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1287B/LTC1287C 
MIN      TYP  MAX 

UNITS 

'CLK 

Clock  Frequency 

(Note  6) 

(Note  9)  0.5 

MHz 

'SMPL 

Analog  Input  Sample  Time 

See  Operating  Sequence 

1.5 

CLK  Cycles 

tcONV 

Conversion  Time 

See  Operating  Sequence 

12 

CLK  Cycles 

tcYC 

Total  Cycle  Time 

See  Operating  Sequence  (Note  6) 

14CLK+ 
5.0ns 

Cycles 

tdDO 

Delay  Time,  CLKl  to  D0ut  Data  Valid 

See  Test  Circuits 

• 

250  450 

ns 

tdis 

Delay  Time,  CStto  D0UT  Hi-Z 

See  Test  Circuits 

• 

80  160 

ns 

ten 

Delay  Time,  CLKi  to  D0UT  Enabled 

See  Test  Circuits 

• 

130  250 

ns 
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LTC1287 


nc  cHnRncT€nisTics(Note3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 287B/LTC1 287C 
MIN     TYP  MAX 

UNITS 

thOO 

Time  Output  Data  Remains  Valid  After  CLKi 

50 

ns 

tf 

Dout  Fall  Time 

See  Test  Circuits 

• 

40  100 

ns 

$ 

D0ut  Rise  Time 

See  Test  Circuits 

• 

40  100 

ns 

tWHCLK 

CLK  High  Time 

Vcc  =  3V  (Note  6) 

600 

ns 

twLCLK 

CLK  Low  Time 

Vcc  =  3V  (Note  6) 

800 

ns 

•suCS 

Setup  Time,  CSi  Before  CLKt 

Vcc  =  3V  (Note  6) 

100 

ns 

tWHCS 

CS  High  Time  Between  Data  Transfer  Cycles 

Vcc  =  3V  (Note  6) 

5.0 

M* 

'WLCS 

CS  Low  Time  During  Data  Transfer 

Vcc  =  3V  (Note  6) 

14 

CLK  Cycles 

ClN 

Input  Capacitance 

Analog  Inputs  On  Channel 
Analog  Inputs  Off  Channel 
Digital  Inputs 

100 

5 
5 

pF 
PF 
PF 

DIGITAL  MID  DC  €l€CTRICm  CHRRRCTCRISTICS  m 3) 

SYMBOL 

PARAMETER 

CONDITIONS 

LTC1287B/LTC1287C 
MIN      TYP  MAX 

UNITS 

VlH 

High  Level  Input  Voltage 

Vcc  =  3.6V 

• 

2.1 

V 

VlL 

Low  Level  Input  Voltage 

Vcc  =  3.0V 

• 

0.45 

V 

llH 

High  Level  Input  Current 

V|N  =  Vcc 

• 

2.5 

uA 

k 

Low  Level  Input  Current 

VIN  =  0V 

• 

-2.5 

HA 

V0H 

High  Level  Output  Voltage 

Vcc  =  3.0V,  l0  =  20uA 
l0  =  400uA 

• 

2.90 
2.7  2.85 

V 
V 

Vol 

Low  Level  Output  Voltage 

Vcc  =  3.0V,  l0  =  20llA 
l0  =  400|iA 

• 

0.05 

0.10  0.3 

V 
V 

>oz 

High  Z  Output  Leakage 

Vout  =  Vcc,  CS  High 
VOut  =  0V,  CS  High 

• 
• 

3 

-3 

ma 

uA 

ISOURCE 

Output  Source  Current 

Vqut  =  OV 

-10 

mA 

•sink 

Output  Sink  Current                               Vqut  =  Vcc 

9 

mA 

Ice 

Positive  Supply  Current 

CS  High 

• 

1.5  5 

mA 

•ref 

Reference  Current 

Vref  =  2.5V 

• 

10  50 

MA 

The  •  denotes  specifications  which  apply  over  the  operating  temperature 
range;  all  other  limits  and  typicals  Ta  =  25°C. 
Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the  life 
of  a  device  may  be  impaired. 

Note  2:  All  voltage  values  are  with  respect  to  ground  (unless  otherwise 
noted). 

Note  3:  Vcc  =  3V,  VREF  =  2.5V,  CLK  =  500kHz  unless  otherwise  specified. 
Note  4:  One  LSB  is  equal  to  VREF  divided  by  4096.  For  example,  when 
VREF  =  2.5V,  1LSB  =  2.5V/4096  =  0.61  mV. 
Note  5:  Integral  nonlinearity  error  is  defined  as  the  deviation  of  a  code 
from  a  straight  line  passing  through  the  actual  endpoints  of  the  transfer 
curve.  The  deviation  is  measured  from  the  center  of  the  quantization  band. 


Note  6:  Recommended  operating  conditions. 
Note  7:  Two  on-chip  diodes  are  tied  to  each  analog  input  which  will 
conduct  for  analog  voltages  one  diode  drop  below  GND  or  one  diode  drop 
above  Vcc-  Be  careful  during  testing  at  low  VCc  levels,  as  high  level  analog 
inputs  can  cause  this  input  diode  to  conduct,  especially  at  elevated 
temperature,  and  cause  errors  for  inputs  near  full  scale.  This  spec  allows 
50mV  forward  bias  of  either  diode.  This  means  that  as  long  as  the  analog 
input  does  not  exceed  the  supply  voltage  by  more  than  50mV,  the  output 
code  will  be  correct. 

Note  8:  Channel  leakage  current  is  measured  after  the  channel  selection. 
Note  9:  Increased  leakage  currents  at  elevated  temperatures  cause  the 
S/H  to  droop,  therefore  it  is  recommended  that  fCLK  >  30kHz  at  85°C  and 
fcu<a3kHzat25°C. 


XTUU9S 
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TVPICfiL  P€RFORmnnC€  CHRRRCT€RISTICS 


Supply  Current  vs  Supply  Voltage 


1  1 

CLK  =  500kHz 

=  25 

c 

2.7  2.8  2.9  3.0  3.1   3.2  3.3  3.4  3.5  3.6 
SUPPLY  VOLTAGE  (V) 

LTC12B7G1 


Change  in  Linearity  vs 
Voltage 


a05 


Vcc* 

3V 

0       0.5      1.0      1.5      2.0      2.5  3.0 
REFERENCE  VOLTAGE  (V) 


Change  in  Linearity  vs 
Temperature 
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Supply  Current  vs  Temperature 
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cr 
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CO 

1.4 


1.3 


I    I  I 

CLK  =  500kHz 
Vcc  =  3V 

-40  -25  -10    5    20    35    50    65    80  95 
'  TEMPERATURE  ("C) 

LTC1Z87GZ 


Change  in  Ga 
Voltage 


Vcc  = 

3V 

0       0.5      1.0      1.5      2.0      2.5  3.0 
REFERENCE  VOLTAGE  (V) 

ltC!3S7G5 


Change  in  Gain  vs  Temperature 


I  I 

VCC  =  3V 
VrEf  =  2.5V 
n  if  -  snnn-i? 

\ 

-40   -20     0      20     40      60     80  100 
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I  TC1M7  <S 


Unadjusted  Offset  Voltage  vs 
Reference  Voltage 
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0 
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nV 
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Change  in  Offset  vs  Temperature 


— i  1 — 
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Dout  Oelay  Time  vs  Temperature 
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LTC1287 


Maximum  Clock  Rate  vs  Source 
Resistance 


1k  10k 

Rsource-  (") 


l-Hold  Acquisition 
Time  vs  Source  Resistance 


1 

as 


VREF  =  2.5V 
VCC  =  3V 
TA  =  25°C 

OV  TO  2.5V  INPUT  STEP- 

Mill 


Rsource 


100 


1k 

RSOURCE+ («) 


10k 


Minimum  Clock  Rate  for  0 
Error** 
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s 
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3V 
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Input  Channel  Leakage  Current  vs 
Temperature 
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Maximum  Filter 
Time 
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CYCLE  TIME  (us) 
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Noise  Error  vs  Reference  Voltage 


1.0 

0.9 

A  0.8 
cr 

g  0.7 
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]        I  I 

LTC1 287  NOISE  =  200(iVp-P 

0.5      1.0      1.5      2.0  2.5 
REFERENCE  VOLTAGE  (V) 


3.0 


MAXIMUM  CLK  FREQUENCY  REPRESENTS  THE  CLK  FREQUENCY  AT  WHICH  A  0.1LSB 
SHIFT  IN  THE  ERROR  AT  ANY  CODE  TRANSITION  FROM  ITS  500kHz  VALUE  IS  FIRST 
DETECTED. 

AS  THE  CLK  FREQUENCY  IS  DECREASED  FROM  1MHz,  MINIMUM  CLK  FREQUENCY 
(AERROR  <  0.1LSB)  REPRESENTS  THE  FREQUENCY  AT  WHICH  A  0.1LSB  SHIFT  IN  ANY 
CODE  TRANSITION  FROM  ITS  500kHz  VALUE  IS  FIRST  DETECTED 


*"  MAXIMUM  Rpilteb  REPRESENTS  THE  FILTER  RESISTOR  VALUE  AT  WHICH  A  0.1LSB 
CHANGE  IN  FULL  SCALE  ERROR  FROM  ITS  VALUE  AT  RRLTER  =  Ofi  IS  FIRST 
DETECTED. 


pin  Funaions 


# 

PIN 

FUNCTION 

DESCRIPTION 

1 

CS 

Chip  Select  Input 



A  logic  low  on  this  input  enables  the  LTC1287. 

2,3 

+IN.-IN 

Analog  Inputs 

These  inputs  must  be  free  of  noise  with  respect  to  GND. 

4 

GND 

Analog  Ground 

GND  should  be  tied  directly  to  an  analog  ground  plane. 

5 

Vref 

Reference  Input 

The  reference  input  defines  the  span  of  the  A/D  converter  and  must  be  kept  free  of  noise  with  respect  to  GND. 

6 

DOUT 

Digital  Data  Output 

The  A/D  conversion  result  is  shifted  out  of  this  output. 

7 

CLK 

Shift  Clock 

This  clock  synchronizes  the  serial  data  transfer. 

8 

Vcc 

Positive  Supply 

This  supply  must  be  kept  free  of  noise  and  ripple  by  bypassing  directly  to  the  analog  ground  plane. 
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Vcc 


T€ST  CIRCUITS 

On  and  Off  Channel 


Current 


/  POLARITY 

Load  Circuit  for  tdis  and  ten 

TEST  POINT 


DouT 


3k  ^S*- 
-VW-o  


■  3Vtdis  WAVEFORM  2,  W 


i  100pF 


|  tdls  WAVEFORM  1 


Load  Circuit  for  tdD0,  tr  and  tf 

1.5V 


DOUT 

|3k 

100pF 

TEST  POINT 


Voltage  Waveforms  for  D0ut  Delay  Time,  tdDo 


-tdDO— »• 


DOUT 


X 


2.1V 
0.6V 


Voltage  Waveforms  for  D0UT  Rise  and  Fall  Times,  tr,  l( 

DOUT 


2.1V 
0.6V 


Voltage  Waveforms  for  \ils 


DOUT 
WAVEFORM  1 
(SEE  NOTE  1) 

tdis  - 

°OUT 
WAVEFORM  2 

(SEE  NOTE  2)   

NOTE  1  i  WAVEFORM  1  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH 
THAT  THE  OUTPUT  IS  HIGH  UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL. 
NOTE  2:  WAVEFORM  2  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH 
licobtoh  THAT  THE  OUTPUT  IS  LOW  UNLESS  DISABLED  BV  THE  OUTPUT  CONTROL. 
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The  LTC1287  is  a  data  acquisition  component  which 
contains  the  following  functional  blocks: 
1 . 1 2-bit  successive  approximation  capacitive  A/D 
converter 

2.  Analog  multiplexer  (MUX) 

3.  Sample-and-hold  (S/H) 

4.  Synchronous,  half-duplex  serial  interface 

5.  Control  and  timing  logic 

DIGITAL  CONSIDERATIONS 
Serial  Interface 

The  LTC1287  communicates  with  microprocessors  and 
other  external  circuitry  via  a  synchronous,  half-duplex, 
three-wire  serial  interface  (see  Operating  Sequence).  The 
clock  (CLK)  synchronizes  the  data  transfer  with  each  bit 
being  transmitted  on  the  falling  CLK  edge.  The  LTC1287 


does  not  requireaconfiguration  input  word  and  has  no  Dim 
pin.  It  is  permanently  configured  to  have  a  single  differejv 
tial  input  and  to  operate  in  unipolar  mode.  A  falling  CS 
initiates  data  transfer.  The  first  CLK  pulse  enables  DouT' 
Afterone  null  bit,  the  A/D  conversion  result  is  output  on  the 
Dout  line  with  a  MSB-first  sequence  followed  by  a  LSB- 
first  sequence.  With  the  half  duplex  serial  interface  the 
Dout  data  is  from  the  current  conversion.  This  provides 
easy  interface  to  MSB-  or  LSB-first  serial  ports.  Bringing 
CS  high  resets  the  LTC1 287  for  the  next  data  exchange. 

Logic  Levels 

The  logic  level  standards  for  this  supply  range  have  not 
been  well  defined.  What  standards  that  do  exist  are  not 
universally  accepted.  The  trip  point  on  the  logic  inputs  of 
the  LTC1287  is  0.28  x  VCrj.  This  makes  the  logic  inputs 
compatible  with  HC-type  levels  and  processors  that  are 


-<CYC- 


Dout  " 


tSMPL  - 


B7  B6  85  B4  83  B2  B1  BO  B1  B2  83  B4  85  B6  B7  B8  B9  B10  B1 
-tcONV   «- 


Figure  1.  LTC1287  Operating  Sequence 


-|  i* —  lSMPL 

ITOt 
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specified  at  3.3V.  The  output  D0ut  is  also  compatible  with 
the  above  standards.  The  following  summarizes  such 
levels. 


Voh  (no  load) 

Vol  (no  load) 

Voh 

Vol 

Vih 

Vil 


Vcc-0.1V 

0.1V 
0.9xVcc 
0.1xVcc 
0.7xVcc 
0.2xVcc 


The  LTC1287  can  be  driven  with  5V  logic  even  when  VCc 
is  at  3.3V.  This  is  due  to  a  unique  input  protection  device 
that  is  found  on  the  LTC1287. 

Microprocessor  Interfaces 

The  LTC1 287  can  interface  directly  (without  external  hard- 
ware) to  most  popular  microprocessor  (MPU)  synchro- 
nous serial  formats.  If  an  MPU  without  a  serial  interface  is 
used,  then  three  of  the  MPU's  parallel  port  lines  can  be 
programmed  to  form  the  serial  link  to  the  LTC1 287.  Many 
of  the  popular  MPUs  can  operate  with  3V  supplies.  For 
example  the  MC68HC11  is  an  MPU  with  a  serial  format 
(SPI).  Likewise  parallel  MPUs  that  have  the  8051  type 
architecture  are  also  capable  of  operating  at  this  voltage 
range.  The  code  for  these  processors  remains  the  same 
and  can  be  found  in  the  LTC1292  data  sheet. 

Sharing  the  Serial  Interface 

The  LTC1 287  can  share  the  same  two-wire  serial  interface 
with  other  peripheral  components  or  other  LTC1287s 
(Figure  2).  In  this  case,  the  CS  signals  decide  which 
LTC1287  is  being  addressed  by  the  MPU. 


ANALOG  CONSIDERATIONS 
Grounding 

The  LTC1 287  should  be  used  with  an  analog  ground  plane 
and  single  point  grounding  techniques.  Do  not  use  wire 
wrapping  techniques  to  breadboard  and  evaluate  the  device. 
To  achieve  the  optimum  performance  use  a  PC  board.  The 
ground  pin  (Pin  4)  should  be  tied  directly  to  the  ground 
plane  with  minimum  lead  length  (a  low  profile  socket  is 
fine).  Pin  7  (VCc)  should  be  bypassed  to  the  ground  plane 
with  a  22uf  (minimum  value)  tantalum  with  leads  as  short 
as  possible  and  as  close  as  possible  to  the  pin.  A  0.1  joF 
ceramic  disk  also  should  be  placed  in  parallel  with  the 
22jiFand  again  with  leads  as  short  as  possible  and  as  close 
to  Vcc  as  possible.  Figure  3  shows  an  example  of  an  ideal 
LTC1 287  ground  plane  design  for  a  two-sided  board.  Of 
course  this  much  ground  plane  will  not  always  be  possible, 
but  users  should  strive  to  get  as  close  to  this  ideal  as 
possible. 

Bypassing 

For  good  performance,  Vcc  must  be  free  of  noise  and 
ripple.  Any  changes  in  the  Vcc  voltage  with  respect  to 
ground  during  a  conversion  cycle  can  induce  errors  or 
noise  in  the  output  code.  Vcc  noise  and  ripple  can  be  kept 
below  0.5mV  by  bypassing  the  Vcc  Pin  directly  to  the 
analog  plane  with  a  minimum  of  22uJ  tantalum  capacitor 
and  with  leads  as  short  as  possible.  The  lead  from  the 
device  to  the  Vcc  supply  also  should  be  kept  to  a  minimum 
and  the  Vcc  supply  should  have  a  low  output  impedance 


2-WIRE  SERIAL 
INTERFACE  TO  OTHER 
PERIPHERALS  OR  LTC1287S 


2  CHANNELS      2  CHANNELS      2  CHANNELS  itcmism. 

2.  Several  LTC1287S  Sharing  One  2-Wire  Serial  Interlace 


Figure  3.  Example  Ground  Plane  for  the  LTC1287 
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such  as  obtained  from  a  voltage  regulator  (e.g.,  LT1 117). 
For  high  frequency  bypassing  a  0.1  uf  ceramic  disk  placed 
in  parallel  with  the  22uf  is  recommended.  Again  the  leads 
should  be  kepttoa  minimum.  Using  a  battery  to  powerthe 
LTC1 287  will  help  reduce  the  amount  of  bypass  capacitance 
required  on  the  Vcc  Pin'  A  battery  placed  close  to  the 
device  will  only  require  10uf  to  adequately  bypass  the 
supply  pin.  Figure4shows  the  effect  of  poorVcc  bypassing. 
Figure  5  shows  the  settling  of  a  LT1117  low  dropout 
regulator  with  a  22uf  bypass  capacitor.  The  noise  and 
ripple  is  kept  around  0.5mV.  Figure  6  shows  the  response 
of  a  lithium  battery  with  a  10uf  bypass  capacitor.  The 
noise  and  ripple  is  kept  below  0.5mV. 

Analog  Inputs 

Because  of  the  capacitive  redistribution  A/D  conversion 
techniques  used,  the  analog  inputs  of  the  LTC1287  have 


5V/DIV 


HORIZONTAL:  lOps/DIV 

Figure  4.  Poor  Vcc  Bypassing. 
Ripple  Can  Cause  A/D  Errors 


HORIZONTAL:  20ps/DIV 

Figure  6.  Lithium  Battery  with  10liF  Bypassing  on  VCc 

capacitive  switching  input  current  spikes.  These  current 
spikes  settle  quickly  and  do  not  cause  a  problem.  If  large 
source  resistances  are  used  or  if  slow  settling  op  amps 
drive  the  inputs,  take  care  to  insure  the  transients  caused 
by  the  current  spikes  settle  completely  before  the 
conversion  begins. 

Source  Resistance 

The  analog  inputs  of  the  LTC1287  look  like  a  100pF 
capacitor  (Cim)  in  series  with  a  1.5k  resistor  (Ron)-  This 
value  for  Rqn  is  for  Vcc  =  2.7V.  With  larger  supply  voltages 
Ron  will  be  reduced.  For  example,  with  Vcc  =  2.7V  and  V~ 
=  -2.7V,  Rqn  becomes  500Q.  Cin  gets  switched  between 
(+)  and  (-)  inputs  once  during  each  conversion  cycle. 
Large  external  source  resistors  and  capacitances  will  slow 
the  settling  of  the  inputs.  It  is  important  that  the  overall  RC 
time  constant  is  short  enough  to  allow  the  analog  inputs 
to  settle  completely  within  the  allowed  time. 


0.5mV/DIV 


HORIZONTAL:  20j.is/DIV 

Figure  5.  LT1117  Regulator  with  22uF  Bypassing  on  VCc 


Vin  +  WV      I  [J- 


^SOURCE- 

vin  wv- 


LTC1287 

6  f  Ron 

=  1.5k 

T        'WHCS  * 

—1—  C|N  = 

100pF 

Figure  7.  Analog  Input  Equivalent  Circuit 
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-+"  Input  Settling 

The  input  capacitor  is  switched  onto  the "+"  input  during 
the  sample  phase  (tsMPL.  see  Figures  8a,  8b  and  8c).  The 
sample  period  can  be  as  short  as  t.whcs  +  0.5  CLK  cycle  or 
as  long  as  tWHcs  +  1-5  CLK  cycles  beforea  conversion 
starts.  This  variability  depends  on  where  CS  falls  relative 
to  CLK.  The  voltage  on  the "+"  input  must  settle  completely 
within  the  sample  period.  Minimizing  Rsource+  and  C1 
will  improve  the  settling  time.  If  large "+"  input  source 


resistance  must  be  used,  the  sample  time  can  be  increased 
by  using  a  slower  CLK  frequency.  With  the  minimum 
possible  sample  time  of  6.0us,  Rsource+  <  4.0k  and  C1  < 
20pF  will  provide  adequate  settle  time. 

"-"  Input  Settling 

Atthe  end  of  the  sample  phase  the  input  capacitor  switches 
to  the "-"  input  and  the  conversion  starts  (see  Figures  8a, 
8b  and  8c).  During  the  conversion,  the "+"  input  voltage  is 


Vand  "-"  Input  Settling  Windows 


1ST  BIT  TEST  (-)  INPUT  MUST 
SETTLE  DURING  THIS  TIME 


(t)  INPUT 
(-)  INPUT 


r 


Figure  8a.  Setup  Time  (tSucs)  is  Mel 


(*)  INPUT  MUST  SETTLE  DURING  THIS  TIME 


(+)  INPUT 
(-)  INPUT 


"OUT   

r 


Hl-Z 


j      B11  B10 


1ST  BIT  TEST  (-)  INPUT  MUST 
SETTLE  DURING  THIS  TIME 


Figure  8b.  Setup  Time  (tSucs)  is  Met 
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F"  twHCS   »-| 


DOIIT 

(+)  INPUT 
(-)  INPUT 


f 


(♦)  INPUT  MUST  SETTLE  DURING  THIS  TIME 



Hl-Z 


L 


B11         I  B10 


1ST  BIT  TEST  (-)  INPUT  MUST 
SETTLE  DURING  THIS  TIME 


r 


Figure  8c.  Setup  Time  (tSucs)  is  Not  Met 


effectively  "held"  by  the  sample  and  hold  and  will  not  affect 
the  conversion  result.  It  is  critical  that  the  "-"input  voltage 
be  free  of  noise  and  settle  completely  during  the  first  CLK 
cycle  of  the  conversion.  Minimizing  RsouRCE-and  C2  will 
improve  settling  time.  If  large "-"  input  source  resistance 
must  be  used  the  time  can  be  extended  by  using  a  slower 
CLK  frequency.  Atthe  maximum  CLKfrequency  of  500kHz, 
"source-  <  200Q  and  C2  <  20pF  will  provide  adequate 
settling. 

Input  Op  Amps 

When  driving  the  analog  inputs  with  an  op  amp  it  is 
important  that  the  op  amp  settles  within  the  allowed  time 


(see  Figures  8a,  8b  and  8c).  Again  the "+"  and  "-"  input 
sampling  times  can  be  extended  as  described  above  to 
accommodate  slower  op  amps.  For  single  supply  low 
voltage  application  the  LT1006,  LT1013  and  LT1014  can 
be  made  to  settle  well  even  with  the  minimum  settling 
windows  of  6jiS  ("+"  input)  and  2(js  ("-"  input)  which 
occur  at  the  maximum  clock  rates  (CLK  =  500kHz). 
Figures  9  and  1 0  show  examples  of  adequate  and  poor  op 
amp  settling.  The  LT1 077,  LT1 078  or  LT1 079  can  be  used 
hereto  reduce  powerconsumption.  Placing  an  RC  network 
at  the  output  of  the  op  amps  will  inprove  the  settling 
response  and  also  reduce  the  broadband  noise. 


HORIZONTAL:  500ns/DIV  HORIZONTAL:  20(iS/DIV 

Figure  9.  Adequate  Settling  of  Op  Amp  Driving  Analog  Input  Figure  10.  Poor  Op  Amp  Settling  Can  Cause  A/D  Errors 
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RC  Input  filtering 

it  is  possible  to  filter  the  inputs  with  an  RC  network  as 
shown  in  Figure  11.  For  large  values  of  Cp  (e.g.,  1uf)  the 
capacitive  input  switching  currents  are  averaged  into  a  net 
DC  current.  A  filter  should  be  chosen  with  a  small  resistor 
and  large  capacitorto  prevent  DC  drops  across  the  resistor. 
The  magnitude  of  the  DC  current  is  approximately  Iqc  = 
1 0OpF  x  V|N/trjYC  and  is  roughly  proportional  to  V!N.  When 
running  at  the  minimum  cycle  time  of  33|js,  the  input 
current  equals  7.6uA  at  Vin  =  2.5V.  Here  a  filter  resistor  of 
8Q  will  cause  0.1  LSB  of  full-scale  error.  If  a  large  filter 
resistor  must  be  used,  errors  can  be  reduced  by  increasing 
the  cycle  time  as  shown  in  the  Typical  Performance 
Characteristics  curve  Maximum  Filter  Resistor  vs  Cycle 
Time. 


Figure  11.  RC  Input  Filtering 

Input  Leakage  Current 

Input  leakage  currents  also  can  create  errors  if  the  source 
resistance  gets  too  large.  Forexample,  the  maximum  input 
leakage  specification  of  1pA  (at  85°C)  flowing  through  a 
source  resistance  of  1  k  will  cause  a  voltage  drop  of  1  mV 
or  1.6LSB  with  VREF  =  2.5V.  This  error  will  be  much 
reduced  at  lower  temperatures  because  leakage  drops 
rapidly  (see  Typical  Performance  Characteristics  curve 
Input  Channel  Leakage  Current  vs  Temperature). 

SAMPLE-AND-HOLD 
Single-Ended  Input 

The  LTC1287  provides  a  built-in  sample  and  hold  (S&H) 
function  on  the  +ll\l  input  for  signals  acquired  in  the  single 
ended  mode  (-IM  pin  grounded).  The  sample  and  hold 
allows  the  LTC1 287  to  convert  rapidly  varying  signals  (see 
Characteristics  curve  of  S&H 


Acquisition  Time  vs  Source  Resistance).  The  input  voltage 
is  sampled  during  the  tsMPi_time  as  showmn  Figure  8.  The 
sampling  interval  beginsat  rising  edge  of  CSand  continues 
until  the  falling  edge  of  the  CLK  before  the  conversion 
begins.  On  this  falling  edge  the  S&H  goes  into  the  hold 
mode  and  the  conversion  begins. 

Differential  Input 

With  adifferential  input  the  A/D  no  longer  converts  asingle 
voltage  but  converts  the  difference  between  two  voltages. 
The  voltage  on  the  +ll\l  pin  is  sampled  and  held  and  can  be 
rapidly  time  varying.  The  voltage  on  the  -IN  pin  must 
remain  constantand  be  free  of  noise  and  ripplethroughout 
the  conversion  time.  Otherwise  the  differencing  operation 
will  not  be  done  accurately.  The  conversion  time  is  1 2  CLK 
cycles.  Therefore  a  change  in  the -IN  input  voltage  during 
this  interval  can  cause  conversion  errors.  For  a  sinusoidal 
voltage  on  the  -IN  input  this  error  would  be: 


VERROR(MAX)  =(2ltf(-IN)VPEAK) 


12 

klKj 


Where  f(_iN)  is  the  frequency  of  the  -IN  input  voltage, 
VpEAK  is  its  peak  amplitude  and  fC|_K  is  the  frequency  of  the 
CLK.  Usually  Verror  will  not  be  significant.  For  a  60Hz 
signal  on  the  -IN  input  to  generate  a  0.25LSB  error 
(150u.V)  with  the  converter  running  at  CLK  =  500kHz,  its 
peak  value  would  have  to  be  1 6mV.  Rearranging  the  above 
equation,  the  maximum  sinusoidal  signal  that  can  be 
digitized  to  a  given  accuracy  is  given  as: 


(-IN)MAX: 


VERROR(MAX) 
2kVpeak 


' f  A 
'CLK 

12 


For  0.25LSB  error  (150pV)  the  maximum  input  sinusoid 
with  a  2.5V  peak  amplitude  that  can  be  digitized  is  0.4Hz. 

Reference  Input 

The  voltage  on  the  reference  input  of  the  LTC1287 
determines  the  voltage  span  of  the  A/D  converter.  The 
reference  input  has  transient  capacitive  switching  cur- 
rents due  to  the  switched  capacitor  conversion  tech- 
nique (see  Figure  12).  During  each  bit  test  of  the 
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conversion  (every  CLK  cycle)  a  capacitive  current  spike 
will  be  generated  on  the  reference  pin  by  the  A/D.  These 
current  spikes  settle  quickly  and  do  not  cause  a  prob- 
lem. If  slow  settling  circuitry  is  used  to  drive  the 
reference  input,  take  care  to  insure  that  transients 
caused  by  these  current  spikes  settle  completely  during 
each  bit  test  of  the  conversion. 


REFt 


HORIZONTAL:  Ips/DIV 

Figure  13.  Adequate  Reference  Settling 


HORIZONTAL:  10MS/DIV 


Figure  14.  Poor  Reference  Settling  Can  Cause  A/D  Errors 


LTC1287 


Figures  1 3  and  1 4  show  examples  of  both  adequate  and 
poor  settling.  Using  a  slower  CLK  will  allow  more  time 
for  the  reference  to  settle.  Even  at  the  maximum  CLK 
rate  of  500kHz  most  references  and  op  amps  can  be 
made  to  settle  within  the  2us  bit  time.  For  example  an 
LT1019  used  in  the  shunt  mode  with  a  10uf  bypass 
capacitor  will  settle  adequately.  To  minimize  power  an 
LT1 004-2.5  can  be  used  with  a  1 0uf  bypass  capacitor. 
For  lower  value  references  the  LT1 004-1 .2  with  a  1 0uf 
bypass  capacitor  can  be  used. 

Reduced  Reference  Operation 

The  effective  resolution  of  the  LTC1287  can  be  in- 
creased by  reducing  the  input  span  of  the  converter. 
The  LTC1287  exhibits  good  linearity  over  a  range  of 
reference  voltages  (seeTypical  Performance  Charac- 
teristics curves  of  Change  in  Linearity  vs  Reference 
Voltage).  Care  must  be  taken  when  operating  at  low 
values  of  Vref  because  of  the  reduced  LSB  step  size  and 
the  resulting  higher  accuracy  requirement  placed  on 
the  converter.  Offset  and  Noise  are  factors  that  must  be 
considered  when  operating  at  low  Vref  values. 

Offset  with  Reduced  Vref 

The  offset  of  the  LTC1287  has  a  larger  effect  on  the 
output  code  when  the  A/D  is  operated  with  a  reduced 
reference  voltage.  The  offset  (which  is  typically  a  fixed 
voltage)  becomes  a  larger  fraction  of  an  LSB  as  the  size 
of  the  LSB  is  reduced.  The  Typical  Performance  Char- 
acteristics curve  of  Unadjusted  Offset  Error  vs  Refer- 
ence Voltage  shows  how  offset  in  LSBs  is  related  to 
reference  voltage  for  a  typical  value  of  Vrjs-  For 
example  a  V0s  of  0.1  mV,  which  is  0.2LSB  with  a  2.5V 
reference  becomes  0.4LSB  with  a  1 .25  reference.  If 
this  offset  is  unacceptable,  it  can  be  corrected  digitally 
by  the  receiving  system  or  by  offsetting  the -IN  input  to 
the  LTC1287. 

Noise  with  Reduced  VREF 

The  total  input  referred  noise  of  the  LTC1287  can  be 
reduced  to  approximately  200u.V  peak-to-peak  using  a 
ground  plane,  good  bypassing,  good  layout  techniques 
and  minimizing  noise  on  the  reference  inputs.  This 
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noise  is  insignificant  with  a  2.5V  reference  input  but  will 
become  a  largerfraction  of  an  LSB  as  the  size  of  the  LSB 
is  reduced.  The  Typical  Performance  Characteristics 
curve  of  Noise  Error  vs  Reference  Voltage  shows  the 
LSB  contribution  of  this  200u.V  of  noise. 

For  operation  with  a  2.5V  reference,  the  200u.V  noise  is 
only  0.32LSB  peak-to-peak.  Here  the  LTC1287  noise 
will  contribute  virtually  no  uncertainty  to  the  output 
code.  For  reduced  references,  the  noise  may  become  a 
significant  fraction  of  an  LSB  and  cause  undesirable 
jitter  in  the  output  code.  For  example,  with  a  1.25V 
reference,  this  200liV  noise  is  0.64LSB  peak-to-peak. 
This  will  reduce  the  range  of  input  voltages  over  which 
a  stable  output  code  can  be  achieved  by  0.64LSB.  Now 
averaging  readings  may  be  necessary. 

This  noise  data  was  taken  in  a  very  clean  test  fixture. 
Any  setup  induced  noise  (noise  or  ripple  on  Vcc,  Vref 
or  Vim)  will  add  to  the  internal  noise.  The  lower  the 
reference  voltage  used,  the  more  critical  it  becomes  to 
have  a  noise-free  setup. 

Overvoltage  Protection 

Applying  signals  to  the  LTC1287's  analog  inputs  that 
exceed  the  positive  supply  or  that  go  below  ground  will 
degrade  the  accuracy  of  the  A/D  and  possibly  damage 
the  device.  For  example  this  condition  would  occur  if  a 
signal  is  applied  to  the  analog  inputs  before  power  is 
applied  to  the  LTC1287.  Another  example  is  the  input 
source  operating  from  different  supplies  of  larger  value 
than  the  LTC1287.  These  conditions  should  be  pre- 
vented either  with  proper  supply  sequencing  or  by  use 
of  external  circuitry  to  clamp  or  current  limit  the  input 
source.  There  are  two  ways  to  protect  the  inputs.  In 
Figure  15  diode  clamps  from  the  inputs  to  VCc  and  GND 
are  used.  The  second  method  is  to  put  resistors  in 
series  with  the  analog  inputs  for  current  limiting.  Limit 
the  current  to  15mA  per  channel.  The  +IN  input  can 
accept  a  resistor  value  of  1k  but  the  -IN  input  cannot 
accept  more  than  200Q  when  clocked  at  its  maximum 
clockf  requency  of  500kHz.  If  the  LTC1 287  is  clocked  at 
the  maximum  clock  frequency  and  200O  is  not  enough 
to  current  limit  the  input  source  then  the  clamp  diodes 
are  recommended  (Figures  1 6  and  1 7).  The  reason  for 


the  limit  on  the  resistor  value  is  the  MSB  bit  test  is 
affected  by  the  value  of  the  resistor  placed  at  the  -IN 
input  (see  discussion  on  Analog  Inputs  and  the  Typical 
Performance  Characteristics  curve  of  Maximum  CLK 
Frequency  vs  Source  Resistance). 

If  Vcc  and  Vref  are  n°t  tied  together,  then  Vcc  should 
be  turned  on  first,  then  VREF.  If  this  sequence  cannot  be 
met,  connecting  a  diode  from  Vref  to  Vcc  is  recom- 
mended (see  Figure  18). 

Because  a  unique  input  protection  structure  is  used  on 
the  digital  input  pins,  the  signal  levels  on  these  pins  can 
exceed  the  device  Vcc  without  damaging  the  device. 

1 N4148  DIODES 


t 


Vcc 


♦IN  CLK 
LTC1287 

-in  dmi 


Figure  15.  Overvoltage  Protection  for  Inputs 


Figure  16.  Overvoltage  Protection  for  Inputs 


1N4148  DIODES 


Figure  17.  Overvoltage  Protection  tor  Inputs 
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Figure  18 


22pF TANTALUM 


VlN  ■ 


 CS  Vccj — " 


  tlN  CLK  

LTC1287 

I  IN  Dour  


TO  OSCILLOSCOPE 


A  "Quick  Look"  Circuit  for  the  LTC1287 

Users  can  get  a  quick  look  at  the  function  and  timing  of 
the  LTC1287  by  using  the  following  simple  circuit 
(Figure  19).  VREFistiedto  VCc-  V!N  is  applied  to  the +IN 
input  and  the  -IN  input  is  tied  to  the  ground  plane.  CS 
is  driven  at  1  /32  the  clock  rate  by  the  74HC393  and  D0ut 
outputs  the  data.  The  output  data  from  the  D0ut  pin  can 
be  viewed  on  an  oscilloscope  that  is  set  up  to  trigger  on 
the  falling  edge  of  CS  (Figure_20).  Note  the  LSB  data  is 
partially  clocked  out  before  CS  goes  high. 


A1 

CLR1 
1QA 


VCC 
A2 
CLR2 


10B  74HC393  2QA 

1QC  2QB 

1QD  2QC 

6ND  20D 


~7h 


0.1  pF 


CLOCK  IN 
500kHz 


Figure  19.  "Quick  Look"  Circuit  lor  the  LTC1287 


NULL  MSB  LSB  LSB  DATA 

BIT   (B11)  (BO)  (B1) 

VERTICAL:  5V/DIV 
HORIZONTAL:  5ns/DIV 


Figure  20.  Scope  Trace  of  the  LTC1287  "Quick  Look"  Circuit 
Showing  A/D  Output  1 01 01 01 01 0  (AAAHEx) 
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F€fiTUR€S 

■  Single  Supply  3.3V  or  ±3.3V  Operation 

■  Software  Programmable  Features 

Unipolar/Bipolar  Conversions 
4  Differential/8  Single-Ended  Inputs 
Variable  Data  Word  Length 
Power  Shutdown 

■  Built-in  Sample  and  Hold 

■  Direct  4-Wire  Interface  to  Most  MPU  Serial  Ports 
and  all  MPU  Parallel  Ports 

■  25kHz  Maximum  Throughput  Rate 

K€V  SPCCIFICflTIOnS 

■  Minimum  Guaranteed  Supply  Voltage  2.7V 

■  Resolution  12  Bits 

■  Fast  Conversion  Time  26ps  Max  Over  Temp 

■  Low  Supply  Currents  1.0mA 


DCSCRIPTIOn 

The  LTC1289  is  a  3V  data  acquisition  component  which 
contains  a  serial  I/O  successive  approximation  A/D  con- 
verter. The  device  specifications  are  guaranteed  at  a 
supply  voltage  of  2.7V.  It  uses  LTCMOS™  switched  ca- 
pacitor technology  to  perform  a  1 2-bit  unipolar,  or  1 1  -bit 
plus  sign  bipolar  A/D  conversion.  The  8  channel  input 
multiplexer  can  be  configured  for  either  single-ended  or 
differential  inputs  (or  combinations  thereof).  An  on-chip 
sample  and  hold  is  included  for  all  single-ended  input 
channels.  When  the  LTC1289  is  idle  it  can  be  powered 
down  in  applications  where  low  power  consumption  is 
desired. 

The  serial  I/O  is  designed  to  be  compatible  with  industry 
standard  full  duplex  serial  interfaces.  It  allows  either  MSB- 
or  LSB-  first  data  and  automatically  provides  2's  comple- 
ment output  coding  in  the  bipolar  mode.  The  output  data 
word  can  be  programmed  for  a  length  of  8, 1 2  or  1 6  bits. 
This  allows  easy  interface  to  shift  registers  and  a  variety  of 
processors. 

LTCMOS1"  is  a  trademark  of  Linear  Technology  Corporation 


TVPICfll  flPPUCOTIOn 


Single  Cell  3V  12-Bit  Data  Acquisition  System 


1  3V 
j_  LITHIUM 


FOR  OVERVOLTAGE  PROTECTION  ON 
ONLY  ONE  CHANNEL  LIMIT  THE  INPUT 
CURRENT  TO  15mA.  FOR  MORE  THAN 
ONE  CHANNEL  LIMIT  THE  INPUT 
CURRENT  TO  7mA  PER  CHANNEL  AND 
28mA  FOR  ALL  CHANNELS. 
CONVERSION  RESULTS  ARE  NOT  VALID 
WHEN  THE  SELECTED  OR  ANY  OTHER 
CHANNEL  IS  OVERVOLTAGED  (V,N  <  V" 
orV|N>Vcc). 
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rbsoiutc  mnximum  rrtirgs  (Notesiand2) 


Supply  Voltage  Vcc  to  GND  or  V"  12V 

Negative  Supply  Voltage  (V~)  -6V  to  GND 

Voltage 

Analog  and  Reference  Inputs  (V")  -0.3V  to  Vcc  +  0.3V 

Digital  Inputs  -0.3V  to  12V 

Digital  Outputs  -0.3V  to  Vcc  +  0.3V 

PRCKRG€/ORD€R  inFORfTlflTIOn 


Power  Dissipation   500mW 

Operating  Temperature  Range 

LTC1289BI,  LTC1289CI  -40°CTO  85°C 

LTC1289BC,  LTC1289CC  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


CHO  [J 

cm  [F 

CH2  [T 
CH3  Lt 
CH4  |T 
CH5  |T 
CH6  LL 
CH7  |T 

coy  |T 

DGND  [To 


TOP  VIEW 
— C7  


U  vcc 

TJ]  ACLK 
TJ]  SCLK 

13  Dm 

JJ  D0UT 

TJ]  cs 

TJ]  REF* 
TJ]  REF* 

TJ]  r 

TTJ  AGND 


J  PACKAGE  N  PACKAGE 

20-LEAD  CERAMIC  DIP    20-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LTC1289BIJ 

LTC1289CIJ 

LTC1289BIN 

LTC1289CIN 

LTC1289BCJ 

LTC1289CCJ 

LTC1289BCN 

LTC1289CCN 


S  PACKAGE 
20-LEAD  PLASTIC  SOL 


ORDER  PART 
NUMBER 


LTC1289BCS 
LTC1289CCS 


COnV€RT€R  ROD  mULTIPL€X€R  CHRRRCT6RISTICS  (Notes) 


LTC1289B 

LTC1289C 

PARAMETER 

CONDITIONS 

MIN           TYP  MAX 

MIN           TYP  MAX 

UNITS 

Offset  Error 

Vcc  =  2.7V 

• 

±1.5 

±1.5 

LSB 

(Note  4) 

Linearity  Error  (INL) 

VCC  =  2.7V 

• 

±0.5 

±0.5 

LSB 

(Notes  4  and  5) 

Gain  Error 

VCC  =  2.7V 

• 

±0.5 

±1.0 

LSB 

(Note  4) 

Minimum  Resolution  for 

• 

12 

12 

BITS 

Which  No  Missing  Codes  are 

Guaranteed 

Analog  and  REF  Input  Range 

(Note  7) 

(V-)- 0.05V  to  Vcc  +  0.05V 

(V-)  -  0.05V  to  Vcc  +  0.05V 

V 

On  Channel  Leakage  Current 

On  Channel  =  3V 

• 

±1 

±1 

uA 

(Note  8) 

Off  Channel  =  0V 

On  Channel  =  0V 

• 

±1 

±1 

ma 

Off  Channel  =  3V 

Off  Channel  Leakage  Current 

On  Channel  =  3V 

• 

±1 

±1 

ma 

(NoteS) 

Off  Channel  =  0V 

On  Channel  =  0V 

• 

±1 

±1 

ma 

Off  Channel  =  3V 
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SYMBOL 

PARAMETER 

CONDITIONS 

LTC1289B 
LTC1289C 
MIN  TYP 

MAX 

UNITS 

fSCLK 

Shift  Clock  Frequency 

(Note  6) 

0 

1.0 

MHz 

fACLK 

A/D  Clock  Frequency 

(Note  6) 

(Note  10) 

2.0 

MHz 

Ucc 

Delay  time  from  CSJ-  to  Dout  Data  Valid 

(Note  9) 

2 

ACLK 
Cycles 

tSMPL 

Analog  Input  Sample  Time 

See  Operating  Sequence 

7 

SCLK 
Cycles 

tCONV 

Conversion  Time 

See  Operating  Sequence 

52 

ACLK 

Pw/*loe 

uyucb 

tCYC 

Tntal  Hurlp  Timp 

See  Operating  Sequence  (Note  6) 

12SCLK  + 
56  ACLK 

Pl/Hpc 

tdDO 

Delay  Time,  SCLKl  to  Dout  Data  Valid 

See  Test  Circuits 

• 

200 

350 

ns 

tdis 

DpIavTimp  H^T  tn  Dm  it  Hi-7 

U\ji(ly    1  1 1  MC ,  vOI    IU  L/(JU|   111  I— 

See  Test  Circuits 

• 

70 

150 

ns 

ten 

Delay  Time,  2nd  ACLK-l  to  Dout  Enabled 

See  Test  Circuits 

• 

130 

250 

ns 

thCS 

Hold  Time,  CS  After  Last  SCLKi 

(Note  6) 

0 

ns 

thDI 

Hold  Time.  Din  After  SCLKT 

(Note  6i 

50 

ns 

thDO 

Time  Output  Data  Remains  Valid  After  SCLKJ. 

50 

ns 

tf 

Dout  Fall  Time 

See  Test  Circuits 

• 

40 

100 

ns 

tr 

Dout  Rise  Time 

See  Test  Circuits 

• 

40 

100 

ns 

tsuDI 

Setup  Time,  Din  Stable  Before  SCLKT 

(Note  6  and  9) 

50 

ns 

tsuCS 

Setup  Time,  CSJ-  Before  Clocking  in 
First  Address  Bit 

(Note  6  and  9) 

2  ACLK  Cycles 
+ 180ns 

tWHCS 

CS  High  Time  During  Conversion 

(Note  6) 

52 

ACLK 
Cycles 

ClN 

Input  Capacitance 

Analog  Inputs  On  Channel 
Analog  Inputs  Off  Channel 
Digital  Inputs 

100 

5 
5 

PF 
pF 
PF 
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SYMBOL 

PARAMETER 

CONDITIONS 

LTC1289B 
LTC1289C 
MIN     TYP  MAX 

UNITS 

VlH 

High  Level  Input  Voltage 

Vcc  =  3.6V 

• 

2.1 

V 

VlL 

Low  Level  Input  Voltage 

Vcc  =  3.0V 

• 

0.45 

V 

Iih 

High  Level  Input  Current 

Vin  =  Vcc 

• 

2.5 

MA 

It 

Low  Level  Input  Current 

Vin  =  ov 

• 

-2.5 

uA 

VOH 

High  Level  Output  Voltage 

Vcc  =  3.0V 
lo  =  20uA 
lo  =  400uA 

• 

2.90 
2.7  2.85 

V 

Vol 

Low  Level  Output  Voltage 

Vcc  =  3.0V 
lo  =  20uA 
lo  =  400ijA 

• 

0.05 

0.10  0.3 

V 

loz 

High  Z  Output  Leakage 

Vout  =  Vcc,  CS  High 
Vout  =  0V,  CS  High 

• 
• 

3 

-3 

uA 
uA 

ISOURCE 

Output  Source  Current 

Vout  =  OV 

-10 

mA 

ISINK 

Output  Sink  Current 

VOUT  =  VCC 

9 

mA 

Ice 

Positive  Supply  Current 

CS  High 

CS  High,  Power  Shutdown,  ACLK  Off 

• 
• 

1.5  5 
1.0  10 

mA 
mA 

Iref 

Reference  Current 

Vref  =  2.5V 

• 

10  50 

ma 

r 

Negative  Supply  Current 

CS  High 

• 

1  50 

uA 

The  •  denotes  specifications  which  apply  over  the  operating  temperature       inputs  can  cause  this  input  diode  to  conduct,  especially  at  elevated 
range;  all  other  limits  and  typicals  TA  ■  25°C.  temperature,  and  cause  errors  for  inputs  near  full  scale.  This  spec  allows 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the  life  50mV  forward  bias  of  either  diode.  This  means  that  as  long  as  the  analog 
of  a  device  may  be  impared. 

Note  2:  All  voltage  values  are  with  respect  to  ground  with  DGND,  AGND 
and  REF"wired  together  (unless  otherwise  noted). 
Note  3:  Vcc  =  3V,  VREF+  =  2.5V,  VREr  =  0V,  V"  =  0V  for  unipolar  mode 
and  -3V  for  bipolar  mode,  ACLK  =  2.0MHz  unless  otherwise  specified. 
Note  4:  These  specs  apply  for  both  unipolar  and  bipolar  modes.  In  bipolar 
mode,  one  LSB  is  equal  to  the  bipolar  input  span  (2Vref)  divided  by  4096. 
For  example,  when  VREf  =  2.5V,  1  LSB(bipolar)  =  2(2.5)/4096  =  1 .22mV. 
V"  =  -2.7V  for  bipolar  mode. 

Note  5:  Integral  nonlinearity  is  defined  as  the  deviation  of  a  code  from  a 
straight  line  passing  through  the  actual  endpoints  of  the  transfer  curve. 
The  deviation  is  measured  from  the  center  of  the  quantization  band. 
Note  6:  Recommended  operating  conditions. 
Note  7:  Two  on-chip  diodes  are  tied  to  each  analog  input  which  will 
conduct  for  analog  voltages  one  diode  drop  below  GND  or  one  diode  drop 
above  Vcc.  Be  careful  during  testing  at  low  VCc  levels,  as  high  level  analog 


input  does  not  exceed  the  supply  voltage  by  more  than  50mV,  the  output 
code  will  be  correct. 

Note  8:  Channel  leakage  current  is  measured  after  the  channel  selection. 
Note  9:  To  minimize  errors  caused  by  noise  at  the  chip  select  input,  the 
internal  circuitry  waits  for  two  ACLK  falling  edges  after  a  chip  select  falling 
edge  is  detected  before  responding  to  control  input  signals.  Therefore,  no 
attempt  should  be  made  to  clock  an  address  in  or  data  out  until  the 
minimum  chip  select  set-up  time  has  elasped.  See  Typical  Peformance 
Characteristics  curves  for  additional  information  (tsucs  vs  Vcc). 
Note  10:  Increased  leakage  currents  at  elevated  temperatures  cause  the 
S/H  to  droop,  therefore  it's  recommended  that  fAcLK  s  1 25kHz  at  85°C 
and 'aclk  2 15kHz  at  25°C. 
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Supply  Current  vs  Supply  Voltage  Supply  Current  vs  Temperature 
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Change  in  Linearity  vs  Reference 
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Change  in  Linearity  vs 
Temperature 
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LTC  1289  ■  TPCQ2 


Change  in  Gain  vs  Reference 
Voltage 
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Change  in  Gain  vs  Temperature 
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Unadjusted  Offset  Voltage  vs 
Reference  Voltage 
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Change  in  Offset  vs  Temperature 
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Maximum  ACLK  Frequency  vs 
Source  Resistance 


1k  10k 

RS0UFtCE  (Q) 


ITC12»TPC09 


•  MAXIMUM  ACLK  FREQUENCY  REPRESENTS  THE  ACLK  FREQUENCY  AT  WHICH  A  0.1  LSB  SHIFT 
IN  THE  ERROR  AT  ANY  CODE  TRANSITION  FROM  ITS  2MHZ  VALUE  IS  FIRST  DETECTED 
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Maximum  Filler  Resistor  vs 
Cycle  Time 


100  1000 
CYCLE  TIME  (us) 


Sample  and  Hold  Acquisition 
Time  vs  Source  Resistance 


VREF  =  2.5V 
VCC  =  3V 
Ta  =  25°C 
OV  TO  2.5V  INPUT  STEP  " 
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Supply  Current  (Power  Shutdown) 
vs  Temperature 
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Supply  Current  (Power  Shutdown) 
vsACLK 
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tsucs  vs  Supply  Voltage 
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Input  Channel  Leakage  Current 
vs  Temperature 
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Power  Consumption  with  Power 
Shutdown  vs  1SAmple 


10  100         1000  10000 

'SAMPLE  (Hz) 


Noise  Error  vs  Reference  Voltage 


a  o.8 


I         I  I 
LTC1289  NOISE  =  200nV... 

0.5      1.0      1.5      2.0      2.5  3.0 
REFERENCE  VOLTAGE  (V) 

LTC1289-TPC15 


LTC12S9  TPC17 


*'  MAXIMUM  Rfilter  REPRESENTS  THE  FILTER 
RESISTOR  VALUE  AT  WHICH  A  0.1  LSB  CHANGE 
IN  FULL  SCALE  ERROR  FROM  ITS  VALUE  AT  Rfilter 
=  0  IS  FIRST  DETECTED. 
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# 

PIN 

FUNCTION 

DESCRIPTION 

1  -8 

CH0-CH7 

Analog  Inputs 

The  analog  inputs  must  be  free  of  noise  with  respect  to  AGND. 

9 

COM 

Common 

The  common  pin  defines  the  zero  reference  point  for  all  single-ended  inputs.  It  must  be  free  of  noise  and 
is  usually  tied  to  the  analog  ground  plane. 

10 

DGND 

Digital  Ground 

This  is  the  ground  for  the  internal  logic.  Tie  to  the  ground  plane. 

11 

AGNO 

Analog  Ground 

AGND  should  be  tied  directly  to  the  analog  ground  plane. 

12 

V" 

Negative  Supply 

Tie  V"  to  the  most  negative  potential  in  the  circuit.  (Ground  in  single  supply  applications.) 

13,14 

REF",  REF* 

Reference  Inputs 

The  reference  inputs  must  be  kept  free  of  noise  with  respect  to  AGND. 

15 

CS 

Chip  Select  Input 

A  logic  low  on  this  input  enables  data  transfer. 

16 

DOUT 

Digital  Data  Output 

The  A/D  conversion  result  is  shifted  out  of  this  output. 

17 

Din 

Digital  Input 

The  A/D  configuration  word  is  shifted  into  this  input. 

18 

SCLK 

Shift  Clock 

This  clock  synchronizes  the  serial  data  transfer. 

19 

ACLK 

A/D  Conversion  Clock 

This  clock  controls  the  A/D  conversion  process. 

20 

Vcc 

Positive  Supply 

This  supply  must  be  kept  free  of  noise  and  ripple  by  bypassing  directly  to  the  analog  ground  plane. 

BLOCK  DIAGRAM 
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r  CIRCUITS 

On  and  Off  Channel  Leakage  Current 


Voltage  Waveforms  for  D0UT  Delay  Time,  tdD0 


SCLK 


DoUT 


'dDO 


2.1V 
0.6V 


POLARITY 


Load  Circuit  for  tdD0,tr  and  tf 


1.5V 

Dom 

Z^.  100pF 

TEST  POINT 


Voltage  Waveforms  for  D0ut  Rise  and  Fall  Times,  tr,tf 


OOUT 


A~    ~\  21V 

V  06V 


Load  Circuit  for  fdis  and  ten 

TEST  POINT 


3V  tdis  WAVEFORM  2,  L,n 
tjis  WAVEFORM  1 


ACLK 


DOUT 
WAVEFORM  2 
(SEE  NOTE  2) 


Voltage  Waveforms  for  ten  and  tdls 
11  I — 1 2  I — I  | — |  | — 


NOTE  1:  WAVEFORM  1  IS  FOR  AN  OUTPUT  WITH  CONDITIONS  SUCH  THAT  THE  OUTPUT  IS  HIGH 
UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL. 

NOTE  2:  WAVEFORM  2  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH  THAT  THE  OUTPUT 
IS  LOW  UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL. 
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The  LTC1289  is  a  data  acquisition  component  which 
contains  the  following  functional  blocks: 

1. 12-bit  successive  approximation  capacitive  A/D 
converter 

2.  Analog  multiplexer  (MUX) 

3.  Sample  and  hold  (S/H) 

4.  Synchronous,  full  duplex  serial  interface 

5.  Control  and  timing  logic 

DIGITAL  CONSIDERATIONS 
Serial  Interface 

The  LTC1289  communicates  with  microprocessors  and 
otherexternal  circuitry  via  a  synchronous,  full  duplex,  four 
wire  serial  interface  (see  Operating  Sequence).  The  shift 
clock  (SCLK)  synchronizes  the  data  transfer  with  each  bit 
being  transmitted  on  the  falling  SCLK  edge  and  captured 
on  the  rising  SCLK  edge  in  both  transmitting  and  receiving 
systems.  The  data  is  transmitted  and  received  simulta- 
neously (full  duplex). 

Datatransfer  is  initiated  by  a  falling  chip  select  (CS)  signal. 
After  the  falling  CS  is  recognized,  an  8-bit  input  word  is 
shifted  into  the  D|N  input  which  configures  the  LTC1289 
for  the  next  conversion.  Simultaneously,  the  result  of  the 


previous  conversion  is  output  on  the  Dout  line.  At  the  endjrf 
the  data  exchange  the  requested  conversion  begins  and  CS 
should  be  brought  high.  After  trjoiw.  the  conversion  is 
complete  and  the  results  will  be  available  on  the  next  data 
transfer  cycle.  Asshown  below,  the  result  of  a  conversion  is 
delayed  by  one  CS  cycle  from  the  input  word  requesting  it. 


D|N  I  Din  word  1  | 
Dout  |DqutWORDO| 


|  D|NWORD2~| 


Dout  WORD  1 


Dout  WORD  2 


L  DATA  l_  'CO""  _|  DATA  l_  tc°j"V-J 
^™NSFER ^NWRSrON      TRANSFER^  CON«rW 


Input  Data  Word 

The  LTC1 289  8-bit  data  word  is  clocked  into  the  input 
on  the  first  eight  rising  SCLK  edges  after  chip  select  is 
recognized.  Further  inputs  on  the  D|N  pin  are  then  ignored 
until  the  next  CS  cycle.  The  eight  bits  of  the  input  word  are 
defined  as  follows: 


UNIPOLAR/ 
BIPOLAR 


WORD 
LENGTH 


SGU 
DIFF 

ODD/ 
SIGN 

SELECT 
1 

SELECT 

0 

UNI 

MSBF 

WL1 

WLO 

MSB-FIRST/ 
LSB-FIRST 


Operating  Sequence 

(Example:  Differential  Inputs  (CH3-CH2),  Bipolar,  MSB-First  and  12-Bit  Word  Length) 


■  tCYC  " 


11  I  2  I  3  I  4  |  5  I  6  I  7  |  8  I  9  I  10  I  11  I  12  I   

sclk    nnnnnnnnnnnn  MmrruKM  nnnnnnnnnnnn^ 

U  ISMPL  4«  ICONV  -\ 

i  i  1  r 


din  wi\  ri_r~u  l 


^o^W/////M  I  I  I  I  T 


dout 


L  SHIFT  CONFIGURATION 

WORD  IN 


SHIFT  A/0  RESULT  OUT  AND 
NEW  CONFIGURATION  WORD  IN 
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MUX  Address 

The  first  four  bits  of  the  input  word  assign  the  MUX 
configuration  for  the  requested  conversion.  For  a  given 
channel  selection,  the  converter  will  measure  the  voltage 
between  the  two  channels  indicated  by  the  +  and  -  signs 
in  the  selected  row  of  Table  1.  Note  that  in  differential 

Table  1.  Multiplexer  Channel  Selection 


mode  (SGL/DIFF  =  0)  measurements  are  limited  to  four 
adjacent  input  pairs  with  either  polarity.  In  single-ended 
mode,  all  input  channels  are  measured  with  respect  to 
COM. 


MUX  ADDRESS 

DIFFERENTIAL  CHANNEL  SELECTION 

MUX  ADDRESS 

SINGLE-ENDED  CHANNEL  SELECTION 

SGL/ 
DIFF 

ODD 
SIGN 

SELECT 
1  0 

0 

1 

2 

3 

4 

5 

6 

7 

SGL/ 
DIFF 

ODD 
SIGN 

SELECT 
1  0 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

0 

0 

0  0 

+ 

0 

0  0 

+ 

0 

0 

0  1 

+ 

0 

0  1 

+ 

0 

0 

1  0 

+ 

0 

1  0 

+ 

0 

0 

1  1 

+ 

0 

1  1 

+ 

0 

1 

0  0 

+ 

1 

0  0 

+ 

0 

1 

0  1 

+ 

1 

0  1 

+ 

0 

1 

+ 

1 

1  0 

+ 

0 

1 

1  1 

+ 

1 

1  1 

+ 

4  Differential 


8  Single-Ended 


CHANNEL 


Combinations  of  Differential  and  Single-Ended 


CHANNEL 


Changing  the  MUX  Assignment  "On  the  Fly" 


COM  (UNUSED) 


1ST  CONVERSION  -      2ND  CONVERSION 

Figure  1 .  Examples  of  Multiplexer  Options  on  the  LTC1289 
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Unipolar/Bipolar  (UNI) 

The  fifth  input  bit  (UNI)  determines  whether  the  conver- 
sion will  be  unipolar  or  bipolar.  When  UNI  is  a  logical  one, 
a  unipolar  conversion  will  be  performed  on  the  selected 


input  voltage.  When  UNI  is  a  logical  zero,  a  bipolar  conver- 
sion will  result.  The  input  span  and  code  assignment  for 
each  conversion  type  are  shown  in  the  figures  below. 


Unipolar  Output  Code  (UNI  =  1) 


Unipolar  Transfer  Curve  (UNI  =  1) 


OUTPUT  CODE 

INPUT  VOLTAGE 

INPUT  VOLTAGE 
(Vref  =  2.5V) 

111111111111 
111111111110 

000000000001 
000000000000 

VnEf-1LSB 
Vref-2LSB 

1LSB 
OV 

2.4994V 
2.4988V 

0.0006V 
OV 

111111111111 

111111111110 


000000000001 
000000000000 


Bipolar  Output  Code  (UNI  =  0) 


OUTPUT  CODE 

INPUT  VOLTAGE 

INPUT  VOLTAGE 
(Vref  =  2.5V) 

OUTPUT  CODE 

INPUT  VOLTAGE 

INPUT  VOLTAGE 

(VREF  =  2.5V) 

011111111111 
011111111110 

Vref-1LSB 
V„ef-2LSB 

2.4988V 
2.4976V 

111111111111 
111111111110 

-1LSB 
-2LSB 

-0.0012V 
-0.0024V 

000000000001 
000000000000 

1LSB 
OV 

0.001 2V 
OV 

1 00000000001 
1 00000000000 

-(VREF)t1LSB 
"(Vref) 

-2.4988V 
-2.5000V 

LTC1289AI0& 


Bipolar  Transfer  Curve  (UNI  =  0) 
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The  following  discussion  will  demonstrate  how  the  two 
reference  pins  are  to  be  used  in  conjunction  with  the 
analog  input  multiplexer.  In  unipolar  mode  the  input  span 
of  the  A/D  is  set  by  the  difference  in  voltage  on  the  REF+  pin 
and  the  REF"  pin.  In  the  bipolar  mode  the  input  span  is 
twice  the  difference  in  voltage  on  the  REF+  pin  and  the 
REF"  pin.  In  the  unipolar  mode  the  lower  value  of  the  input 
span  is  set  by  the  voltage  on  the  COM  pin  for  single-ended 
inputs  and  by  the  voltage  on  the  minus  input  pin  for 
differential  inputs.  For  the  bipolar  mode  of  operation  the 
voltage  on  the  COM  pin  or  the  minus  input  pin  sets  the 
center  of  the  input  span. 


The  upper  and  lower  value  of  the  input  span  can  now  be 
summarized  in  the  following  table: 


INPUT 

CONFIGURATION 

UNIPOLAR  MODE 

BIPOLAR  MODE 

Single-Ended 

Lower  Value 
Upper  Value 

COM 

(REF*  -  REF")  +  COM 

-(REF*- REF")  +  COM 
(REF*- REF")  +  COM 

Differential 

Lower  Value 
Upper  Value 

IN" 

(REF*  -  REF")  +  IN" 

-(REF* -REF")  +  IN" 
(REF*  -  REF")  +  IN" 

The  reference  voltages  REF+  and  REF"  can  fall  between 
Vcc  and  V",  but  the  difference  (REF+-  REF")  must  be  less 
than  or  equal  to  VCc-  The  input  voltages  must  be  less  than 
or  equal  to  VCc  and  greater  than  or  equal  to  V". 

The  following  examples  are  for  a  single-ended  input  con- 
figuration. 

Example  1 :  Let  Vcc  =  3.3V,  V" = OV,  REF+  =  3V,  REF" = 1 V 
and  COM  =  OV.  Unipolar  mode  of  operation.  The  resulting 
input  span  is  OV  <  IN+  <  2V. 

Example  2:  The  same  conditions  as  Example  1  except 
COM  =  1 V.  The  resulting  input  span  is  1 V  <  IN+  <  3V.  Note 
if  IN+>3Vthe  resulting  Dout  word  isalM's.  If  IN+<1Vthen 
the  resulting  Dout  word  is  all  O's. 

Example  3:  Let  Vcc  =  3.3V,  V"  =  -3.3V,  REF+  =  3V,  REF" 
=  1V  and  COM  =  1V.  Bipolar  mode  of  operation.  The 
resulting  input  span  is  -1 V  <  IN+  <  3V. 

For  differential  input  configurations  with  the  same  condi- 
tions as  in  the  above  three  examples  the  resulting  input 
spans  are  as  follows: 

Example  1  (Diff.):  IN"  <  IN+  <  IN"  +  2V 


Example  2  (Diff.):  IN"  <IN+<IN-  +  2V 
Example  3  (Diff.):  IN" -  2V  <  IN+  <  IN"  +  2V. 

MSB-First  LSB-First  Format  (MSBF) 

The  output  data  of  the  LTC1 289  is  programmed  for  MSB- 
first  or  LSB-first  sequence  using  the  MSBF  bit.  For  MSB- 
first  output  data,  the  input  word  clocked  to  the  LTC1289 
should  always  contain  a  logical  one  in  the  sixth  bit  location 
(MSBF  bit).  Likewise  for  LSB-first  output  data  the  input 
word  clocked  to  the  LTC1 289  should  always  contain  a  zero 
in  the  MSBF  bit  location.  The  MSBF  bit  affects  only  the 
order  of  the  output  data  word.  The  order  of  the  input  word 
is  unaffected  by  this  bit. 


MSBF 

OUTPUT  FORMAT 

0 

LSB-First 

1 

MSB-First 

Word  Length  (WL1,  WLO)  and  Power  Shutdown 


The  last  two  bits  of  the  input  word  (WL1  and  WLO) 
program  the  output  data  word  length  and  the  power 
shutdown  feature  of  the  LTC1289.  Word  lengths  of  8, 12 
or  16  bits  can  be  selected  according  to  the  following  table. 


WL1 

WLO 

OUTPUT  WORD  LENGTH 

0 

0 

8  Bits 

0 

1 

Power  Shutdown 

1 

0 

12  Bits 

1 

1 

16  Bits 

LTL1M9M07 


The  WL1  and  WLO  bits  in  a  given  D|N  word  control  the 
length  of  the  present,  not  the  next,  Dout  word.  WL1  and 
WLO  are  never  "don't  cares"  and  must  be  set  for  the 
correct  Dout  word  length  even  when  a  "dummy"  D^  word 
is  sent.  On  any  transfer  cycle,  the  word  length  should  be 
made  equal  to  the  number  of  SCLK  cycles  sent  by  the 
MPU.  Power  down  will  occur  when  WL1  =  0  and  WLO  =  1 
is  selected.  The  previous  result  will  be  clocked  out  as  a  1 0 
bit  word  so  a  "dummy"conversion  is  required  before 
powering  down  the  LTC1289.  Conversions  are  resumed 
once  CS  goes  low  or  an  SCLK  is  applied,  if  CS  is  already 
low. 
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8-Bit  Word  Length 


cs 


mnnnnnnn 


-tSMPL- 


-tCONV 


THE  LAST  FOUR  BITS 
ARE  TRUNCATED 


DOUT 
LSB-FIRST 


12-Bit  Word  Length 


DOUT 
LSB-FIRST 


■  ISMPL" 


-tCONV 


nnnnnnnnnnriR 


16-Bit  Word  Length 


cs 


SCLK 


'SMPL  " 


-tCONV 


'  IN  UNIPOLAR  MODE,  THESE  BITS  ARE  FILLED  WITH  ZEROS. 
IN  BIPOLAR  MODE,  THE  SIGN  BIT  IS  EXTENDED  INTO  THESE  LOCATIONS. 


Figure  2.  Data  Output  (D0UT)  Timing  with  Different  Word  Lengths 
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Deglitcher 

A  deglitching  circuit  has  been  added  to  the  Chip  Select 
input  of  the  LTC1289  to  minimize  the  effects  of  errors 
caused  by  noiseon  that  input.  This  circuit  ignores  changes 
in  state  on  the  CS  input  that  are  shorter  in  duration  than 
one  ACLK  cycle.  After  a  change  of  state  on  the  CS  input,  the 
LTC1289  waits  for  two  falling  edge  of  the  ACLK  before 
recognizing  a  valid  chip  select.  One  indication  of  CS 
recognition  is  the  Dout  line  becoming  active  (leaving  the 
Hi-Z  state).  Note  that  the  deglitching  applies  to  both  the 
rising  and  falling  CS  edges. 

Low  CS  Recognized  Internally 


ACLK 


Dout 


CS  Low  During  Conversion 

In  the  normal  mode  of  operation,  CS  is  brought  high 
during  the  conversionjime.  The  serial  port  ignores  any 
SCLK  activitywhile  CS  is  high.  The  LTC1289  will  also 
operate  with  CS  low  during  the  conversion.  In  this  mode, 
SCLK  must  remain  low  during  the  conversion  as  shown  in 
the  following  figure.  After  the  conversion  is  complete,  the 
Dout  line  will  become  active  with  the  first  output  bit.  Then 
the  data  transfer  can  begin  as  normal. 


High  CS  Recognized  Internally 


cs 


Dout      valid  output 


SHIFT 


|-*MUX  ADDRESS 

-«  SAMPLE  ANALOG  - 

IN 

INPUT 

CS  " 

T_ 

|     ACLK  CYC  | 

AND  NEW  ADDRESS  IN 

J            "  I  

sc-  RJiJinrmrmjiJiJirLrUi  iiiiJiJiiirLrmjiJiJirL 

■>..^_n  i  1  v//////,^c^y/////m  ru  1  w//////////////m 

DquT   n^BIOpsil  B8  |~b71  B6    B5  |"bT1  B3  W]  B1  [bP  1  |B11|B10| 


B8    B7  |_B6j  B5 


Figure  3.  CS  High  During  Conversion 


SHIFT 
|*MUXADDRESSh 
IN 


ISHPL 
-  SAMPLE  ANALOG  - 
INPUT 


48  TO  52 
ACLK  CYC 


SHIFT  RESULT  OUT 
"AND  NEW  ADDRESS  IN" 


CS  |  

SCLK MUST 

sclk    nnnnnnnnnnnn  nnnnnnnnnnnn 


D|N  7M  i  i  r 

Dout  Tr^BirjBFl^jJlTl^ 


"L_ 


VW/E£5EE3f//////. 


MLJ~LS 


1  WMMMMk 


Figure  4.  CS  Low  During  Conversion 
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Logic  Levels 

The  logic  level  standards  for  this  supply  range  have  not 
been  well  defined.  What  standards  that  do  exist  are  not 
universally  accepted.  The  trip  point  on  the  logic  inputs  of 
the  LTC1289  is  0.28  x  VCc-  This  makes  the  logic  inputs 
compatible  with  HC  type  logic  levels  and  processors  that  are 
specified  at  3.3V.  The  output  D0ut  is  also  compatible  with  the 
above  standards.  The  following  summarizes  such  levels. 


VoH(noload)  VCc-0.1V 
Vol  (no  load)  0.1V 

V0H  0.9  x  Vcc 

Vol  0.1  x  Vcc 

V|H  0.7  x  Vcc 

Vil  0.2  x  Vcc 


The  LTC1289  can  be  driven  with  5V  logic  even  when  VCc 
is  at  3.3V.  This  is  due  to  a  unique  input  protection  device 
that  is  found  on  the  LTC1289. 

Microprocessor  Interfaces 

The  LTC1 289  can  interface  directly  (without  external  hard- 
ware) to  most  popular  microprocessor  (MPU)  synchro- 
nous serial  formats.  If  an  MPU  without  a  serial  interface  is 
used,  then  four  of  the  MPU's  parallel  port  lines  can  be 
programmed  to  form  the  serial  link  to  the  LTC1289.  Many 
of  the  popular  MPU's  can  operate  with  3V  supplies.  For 
example  the  MC68HC11  is  an  MPU  with  a  serial  format 
(SPI).  Likewise  parallel  MPU's  that  have  the  8051  type 
architecture  are  also  capable  of  operating  at  this  voltage 


range.  The  code  for  these  processors  remains  the  same 
and  can  be  found  in  the  LTC1 290  datasheet  or  application 
notes  AN36A  and  AN36B. 

Sharing  the  Serial  Interface 

The  LTC1289  can  share  3-wire  serial  interface  with  other 
peripheral  components  or  other  LTC1289s  (See  Figure  5). 
In  this  case,  the  CS  signals  decide  which  LTC1 289  is  being 
addressed  by  the  MPU. 

ANALOG  CONSIDERATIONS 

1.  Grounding 

The  LTC1 289  should  be  used  with  an  analog  ground  plane 
and  single  point  grounding  techniques. 

Pin  1 1  (AGND)  should  be  tied  directly  to  this  ground  plane. 

Pin  10  (DGND)  can  also  be  tied  directly  to  this  ground 
plane  because  minimal  digital  noise  is  generated  within 
the  chip  itself. 

Pin  20  (VCc)  should  be  bypassed  to  the  ground  plane  with  a 
22liF  tantalum  with  leads  as  short  as  possible.  Pin  12  (V-) 
should  be  bypassed  with  a  0.1liF  ceramic  disk.  For  single 
supply  applications,  V"can  be  tied  to  the  ground  plane. 

It  is  also  recommended  that  pin  13  (REF~)  and  pin  9  (COM) 
be  tied  directly  to  the  ground  plane.  All  analog  inputs  should 
be  referenced  directly  to  the  single  point  ground.  Digital 
inputs  and  outputs  should  be  shielded  from  and/or  routed 
away  from  the  reference  and  analog  circuitry. 


J~T 


2     1  0 
OUTPUT  PORT 
SERIAL  DATA 

MPU 


LTC1289 
llllllll 


CS 
LTC1289 
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Figure  5.  Several  LTC1289S  Sharing  One  3-Wire  Serial  Interface 
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Figure  6  showsan  example  of  an  ideal  ground  planedesign 
for  a  two-sided  board.  Of  course,  this  much  ground  plane 
will  not  always  be  possible,  but  users  should  strive  to  get 
as  close  to  this  ideal  as  possible. 

2.  Bypassing 

For  good  performance,  Vcc  must  be  free  of  noise  and 
ripple.  Any  changes  in  the  Vcc  voltage  with  respect  to 
analog  ground  during  a  conversion  cycle  can  induce 
errors  or  noise  in  the  output  code.  Vcc  n°ise  ar|d  ripple  can 
be  kept  below  0.5mV  by  bypassing  the  Vcc  Pin  directly  to 
the  analog  ground  plane  with  a  22joF  tantalum  capacitor 
and  leads  as  short  as  possible.  The  lead  from  the  device  to 
the  Vcc  supply  should  also  be  kept  to  a  minimum  and  the 
Vcc  supply  should  have  a  low  output  impedance  such  as 
that  obtained  from  a  voltage  regulator  (e.g.,  LT1 117).  Using 
a  battery  to  power  the  LTC1289  will  help  reduce  the 
amount  of  bypass  capacitance  required  on  the  Vcc  Pin'  A 
battery  placed  close  to  the  device  will  only  require  1 0uf  to 
adequately  bypass  the  supply  pin.  Figure  7  shows  the 
effect  of  poor  Vcc  bypassing.  Figure  8a  shows  the  settling 
of  a  LT1117  low  dropout  regulator  with  a  22joF  bypass 


capacitor.  The  noise  and  ripple  is  approximately  0.5mV. 
Figure  8b  shows  the  response  of  a  lithium  battery  with  a  1 0uf 
bypass  capacitor.  The  noise  and  ripple  is  kept  below  0.5mV. 


HORIZONTAL:  10ns/DIV 

Figure  7.  Poor  Vcc  Bypassing. 

Noise  and  Ripple  Can  Cause  A/D  Errors. 


HORIZONTAL:  20ns/DIV 


Figure  8a.  LT1117  Regulator  with  22uF  Bypassing  on  Vcc 


Figure  6.  Example  Ground  Plane  for  the  LTC1289 
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3.  Analog  Inputs 

Because  of  the  capacitive  redistribution  A/D  conversion 
techniques  used,  the  analog  inputs  of  the  LTC1289  have 
capacitive  switching  input  current  spikes.  These  current 
spikes  settle  quickly  and  do  not  cause  a  problem.  How- 
ever, if  large  source  resistances  are  used  or  if  slow  settling 
op  amps  drive  the  inputs,  care  must  be  taken  to  insure  that 
the  transients  caused  by  the  current  spikes  settle  com- 
pletely before  the  conversion  begins. 

Source  Resistance 

The  analog  inputs  of  the  LTC1289  look  like  a  100pF 
capacitor  (Cin)  is  series  with  a  1500Q  resistor  (Ron)  as 
shown  in  Figure  9.  This  value  for  Ron  is  for  Vcc  =  2.7V. 
With  larger  supply  voltages  Ron  will  be  reduced.  For 
example  with  VCrj  =  2.7V  and  V"=  -2.7V  R0n  becomes 
500Q.  Cin  gets  switched  between  the  selected "+"  and "-" 
inputs  once  during  each  conversion  cycle.  Large  external 
source  resistors  and  capacitances  will  slow  the  settling  of 


v,N+ — va    *  Q- 

INPUT 


^SOURCE 
Vin  Wr- 


LTC1289 

I      4TH  SCLK 
«/      Ron  =  15k 


Figure  9.  Analog  Input  Equivalent  Circuit 


the  inputs.  It  is  important  that  the  overall  RC  time  con- 
stants be  short  enough  to  allow  the  analog  inputs  to 
completely  settle  within  the  allotted  time. 

V  Input  Settling 

This  input  capacitor  is  switched  onto  the "+"  input  during 
the  sample  phase  (tsMPi_>  see  Figure  10).  The  sample 
phase  starts  at  the  4th  SCLK  cycle  and  lasts  until  the  falling 
edge  of  the  last  SCLK  (the  8th,  12th  or  16th  SCLK  cycle 
depending  on  the  selected  word  length).  The  voltage  on 
the "+"  input  must  settle  completely  within  this  sample 
time.  Minimizing  Rsource+  and  C1  will  improve  the  input 
settling  time.  If  large "+"  input  source  resistance  must  be 
used,  the  sample  time  can  be  increased  by  using  a  slower 
SCLK  frequency  or  selecting  a  longer  word  length.  With 
the  minimum  possible  sample  time  of  4lis,  Rsource+  <  2k 
and  C1  <  20pF  will  provide  adequate  settling. 

"-"  Input  Settling 

Atthe  end  of  the  sample  phase  the  input  capacitor  switches 
to  the "-"  input  and  the  conversion  starts  (see  Figure  1 0). 
During  the  conversion,  the "+"  input  voltage  is  effectively 
"held"  by  the  sample  and  hold  and  will  not  affect  the 
conversion  result.  However,  it  is  critical  that  the "-"  input 
voltage  be  free  of  noise  and  settle  completely  during  the 
first  four  ACLK  cycles  of  the  conversion  time.  Minimizing 
Rsource"  and  C2  will  improve  settling  time.  If  large  "-" 
input  source  resistance  must  be  used,  the  time  allowed  for 


MUX  ADDRESS 
SHIFTED  IN 


"+"  INPUT 
SAMPLE      MUST  SETTLE  HOLD 
DURING  THIS  TIME 
 tSMPL  


CS 


ACLK 


•Jl—Tl: 


-LAST  SCLK  (8TH.  12TH  OR  16TH  DEPENDING  ON  WORK  LENGTH) 


U-  1ST  BIT  TEST  -»l 
"-"  INPUT  MUST  SETTLE 
DURING  THIS  TIME 


V  INPUT 
"-"  INPUT 


Figure  10.  V  and "-"  Input  Settling  Windows 
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settling  can  be  extended  by  using  a  slower  ACLK  frequency. 
At  the  maximum  ACLK  rate  of  2MHz,  Rsource"<  200Qand 
C2  <  20pF  will  provide  adequate  settling. 

Input  Op  Amps 

When  driving  the  analog  inputs  with  an  op  amp  it  is 
important  that  the  op  amp  settle  within  the  allowed  time 
(see  Figure  10).  Again,  the  "+"  and  "-"  input  sampling 
times  can  be  extended  as  described  above  to  accommo- 
date slower  op  amps.  For  single  supply  low  voltage 
applications  the  LT1006,  LT1013  and  LT1014  can  be 
made  to  settle  well  even  with  the  minimum  settling  win- 
dows of  4|js  ("+"  input)  and  2|as  ("-"  input)  which  occur 
at  the  maximum  clock  rates  (ACLK  =  2MHz  and  SCLK  = 
1  MHz).  Figures  1 1  and  1 2  show  examples  of  adequate  and 
poor  op  amp  settling.  The  LT1 077,  LT1 078  or  LT1 079  can 
be  used  here  to  reduce  power  consumption.  Placing  an  RC 
network  at  the  output  of  the  op  amps  will  improve  the 
settling  response  and  also  reduce  the  broadband  noise. 

RC  Input  Filtering 

It  is  possible  to  filter  the  inputs  with  an  RC  network  as 
shown  in  Figure  1 3.  For  large  values  of  Cp  (e.g.,  1  uf),  the 
capacitive  input  switching  currents  are  averaged  into  a  net 
DC  current.  Therefore,  a  filter  should  be  chosen  with  a 
small  resistor  and  large  capacitor  to  prevent  DC  drops 
across  the  resistor.  The  magnitude  of  the  DC  current  is 
approximately  Ipc  =  100pF  x  VinAcyc  and  is  roughly 
proportional  to  \%  When  running  at  the  minimum  cycle 
time  of  40ms,  the  input  current  equals  6.3uA  at  V]N  =  2.5V. 
In  this  case,  a  filter  resistor  of  10Q  will  cause  0.1  LSB  of 
full-scale  error.  If  a  larger  filter  resistor  must  be  used, 
errors  can  be  eliminated  by  increasing  the  cycle  time  as 
shown  in  the  typical  curve  of  Maximum  Filter  Resistor  vs 
Cycle  Time. 

Input  Leakage  Current 

Input  leakage  currents  can  also  create  errors  if  the  source 
resistance  gets  too  large.  For  instance,  the  maximum  input 
leakage  specification  of  1uA  (at  85°C)  flowing  through  a 
source  resistance  of  1  kQ  will  cause  a  voltage  drop  of  1  mV 
or  1.6LSB  with  VREF  =  2.5V.  This  error  will  be  much 
reduced  at  lower  temperatures  because  leakage  drops 


rapidly  (see  typical  curve  of  Input  Channel  Leakage  Cur- 
rent vs  Temperature). 

Noise  Coupling  Into  Inputs 

High  source  resistance  input  signals  (>500Q)  are  more 
sensitive  to  coupling  from  external  sources.  It  is  prefer- 
able to  use  channels  near  the  center  of  the  package  (i.e., 
CH2-CH7)  for  signals  which  have  the  highest  output 
resistance  because  they  are  essentially  shielded  by  the 


HORIZONTAL:  500ns/DIV 


Figure  11.  Adequate  SeUling  of  Op  Amps  Driving  Analog  Input 


HORIZONTAL:  20HS/DIV 

Figure  12.  Poor  Op  Amp  Settling  Can  Cause  A/D  Errors 


Rfilter  l|DC, 
Vin-VW- 


Figure  13.  RC  Input  Filtering 
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pins  on  the  package  ends  (DGND  and  CHO).  Grounding 
any  unused  inputs  (especially  the  end  pin,  CHO)  will  also 
reduce  outside  coupling  into  high  source  resistances. 

4.  Sample  and  Hold 

Single-Ended  Inputs 

The  LTC1289  provides  a  built-in  sample  and  hold  (S&H) 
function  for  all  signals  acquired  in  the  single-ended  mode 
(COM  pin  grounded).  This  sample  and  hold  allows  the 
LTC1289  to  convert  rapidly  varying  signals  (see  typical 
curve  of  S&H  Acquisition  Time  vs  Source  Resistance).  The 
input  voltage  is  sampled  during  the  tsMPL  time  as  shown 
in  Figure  10.  The  sampling  interval  begins  after  the  fourth 
MUX  address  bit  is  shifted  in  and  continues  during  the 
remainder  of  the  data  transfer.  On  the  falling  edge  of  the 
final  SCLK,  the  S&H  goes  into  hold  mode  and  the  conver- 
sion begins.  The  voltage  will  be  held  on  eitherthe  8th,  1 2th 
or  16th  falling  edge  of  the  SCLK  depending  on  the  word 


Differential  Inputs 

With  differential  inputs  or  when  the  COM  pin  is  not  tied  to 
ground,  the  A/D  no  longer  converts  just  a  single  voltage 
but  rather  the  difference  between  two  voltages.  In  these 
cases,  the  voltage  on  the  selected "+"  input  is  still  sampled 
and  held  and  therefore  may  be  rapidly  time  varing  just  as 
in  single  ended  mode.  However,  the  voltage  on  the  se- 
lected "-"  input  must  remain  constant  and  be  free  of  noise 
and  ripple  throughout  the  conversion  time.  Otherwise,  the 
differencing  operation  may  not  be  performed  accurately. 
The  conversion  time  is  52  ACLK  cycles.  Therefore,  a 
change  in  the "-"  input  voltage  during  this  interval  can  cause 
conversion  errors.  For  a  sinusoidal  voltage  on  the "-"  input 
this  error  would  be: 

VeRROR  (MAX)  =  VpEAK  x  2  x  71  x  f("-")  x 

'ACLK 

Where  f("-")  is  the  frequency  of  the "-"  input  voltage, 
VpEak  is  its  peak  amplitude  and  fAcLK  is  the  frequency  of 
the  ACLK.  In  most  cases  VError  will  not  be  significant.  For 


a  60Hz  signal  on  the "-"  input  to  generate  a  1/4LSB  error 
(150(jV)  with  the  converter  running  at  ACLK  =  2MHz,  its 
peak  value  would  have  to  be  1 5mV. 

5.  Reference  Inputs 

The  voltage  between  the  reference  inputs  of  the  LTC1289 
defines  the  voltage  span  of  the  A/D  converter.  The  refer- 
ence inputs  will  have  transient  capacitive  switching  cur- 
rents due  to  the  switched  capacitor  conversion  technique 
(see  Figure  14).  During  each  bit  test  of  the  conversion 
(every  4  ACLK  cycles),  a  capacitive  current  spike  will  be 
generated  on  the  reference  pins  by  the  A/D.  These  current 
spikes  settle  quickly  and  do  not  cause  a  problem.  How- 
ever, if  slow  settling  circuitry  is  used  to  drive  the  reference 
inputs,  care  must  betaken  to  insure  that  transients  caused 
by  these  current  spikes  settle  completely  during  each  bit 
test  of  the  conversion. 

When  driving  the  reference  inputs,  two  things  should  be 
kept  in  mind: 

1.  Transients  on  the  reference  inputs  caused  by  the 
capacitive  switching  currents  must  settle  completely 
during  each  bit  test  (each  4  ACLK  cycles).  Figures  15 
and  16  show  examples  of  both  adequate  and  poor 
settling.  Using  a  slower  ACLK  will  allow  more  time  for 
the  reference  to  settle.  However,  even  at  the  maximum 
ACLK  rate  of  2MHz  most  references  and  op  amps  can 
be  made  to  settle  within  the  2ps  bit  time.  For  example 
an  LT1 01 9  used  in  the  shunt  mode  with  a  1 0uf  bypass 
capacitor  will  settle  adequately.  To  minimize  power  an 
LT1 004-2.5  can  be  used  with  a  1 0yf  bypass  capacitor. 
For  lower  value  references  the  LT1 004-1 .2  with  a  1  uf 
bypass  capacitor  can  be  used. 
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Figure  14.  Reference  Input  Equivalent  Circuit 
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HORIZONTAL:  1|iS/DIV 

Figure  15.  Adequate  Reference  Settling 
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HORIZONTAL:  1|is/DIV 


Figure  16.  Poor  Reference  Settling  Can  Cause  A/D  Errors 

2.  It  is  recommended  that  REF~  input  be  tied  directly  to 
the  analog  ground  plane.  If  REF~  is  biased  at  a  voltage 
otherthan  ground,  the  voltage  must  not  change  during 
a  conversion  cycle.  This  voltage  must  also  be  free  of 
noise  and  ripple  with  respect  to  analog  ground. 

6.  Reduced  Reference  Operation 

The  effective  resolution  of  the  LTC1289can  be  increased  by 
reducing  the  input  span  of  the  converter.  The  LTC1289 
exhibits  good  linearity  and  gain  over  a  wide  range  of  refer- 
ence voltages  (see  typical  curves  of  Linearity  and  Gain  Error 
vs  Reference  Voltage).  However,  care  must  be  taken  when 
operating  at  low  values  of  Vref  because  of  the  reduced  LSB 
step  size  and  the  resulting  higher  accuracy  requirement 
placed  on  the  converter.  The  following  factors  must  be 
considered  when  operating  at  low  VREF  values: 

1.  Offset 

2.  Noise 


Offset  with  Reduced  VREF 

The  offset  of  the  LTC1 289  has  a  larger  effect  on  the  output 
code  when  the  A/D  is  operated  with  reduced  reference 
voltage.  The  offset  (which  is  typically  a  fixed  voltage) 
becomes  a  larger  fraction  of  an  LSB  as  the  size  of  the  LSB 
is  reduced.  The  typical  curve  of  Unadjusted  Offset  Error  vs 
Reference  Voltage  shows  how  offset  in  LSBs  is  related  to 
reference  voltage  for  a  typical  value  of  V0s-  For  example, 
a  V0s  of  0.1  mV  which  is  0.2LSB  with  a  2.5V  reference 
becomes  0.4LSB  with  a  1.25V  reference.  If  this  offset  is 
unacceptable,  it  can  be  corrected  digitally  by  the  receiving 
system  or  by  offsetting  the "-"  input  to  the  LTC1289. 

Noise  with  Reduced  VREF 

The  total  input  referred  noise  of  the  LTC1289  can  be 
reduced  to  approximately  200liV  peak-to-peak  using  a 
ground  plane,  good  bypassing,  good  layout  techniques 
and  minimizing  noise  on  the  reference  inputs.  This  noise 
is  insignificant  with  a  2.5V  reference  but  will  become  a 
larger  fraction  of  an  LSB  as  the  size  of  the  LSB  is  reduced. 
The  typical  curve  of  Noise  Error  vs  Reference  Voltage 
shows  the  LSB  contribution  of  this  200liV  of  noise. 

For  operation  with  a  2.5  reference,  the  200uV  noise  is  only 
0.32LSB  peak-to-peak.  In  this  case,  the  LTC1289  noise 
will  contribute  virtually  no  uncertainty  to  the  output  code. 
However,  for  reduced  references,  the  noise  may  become 
a  significantfraction  of  an  LSB  and  cause  undesirable  jitter 
in  the  output  code.  For  example,  with  a  1.25V  reference, 
this  same  200liV  noise  is  0.64LSB  peak-to-peak.  This  will 
reduce  the  range  of  input  voltages  over  which  a  stable 
output  code  can  be  achieved  by  0.64LSB.  In  this  case 
averaging  readings  may  be  necessary. 

This  noise  data  was  taken  in  a  very  clean  setup.  Any  setup 
induced  noise  (noise  or  ripple  on  Vcc,  VREf,  V|N  or  V")  will 
add  to  the  internal  noise.  The  lower  the  reference  voltage 
to  be  used,  the  more  critical  it  becomes  to  have  a  clean, 
noise-free  setup. 


6-59 


LTC1289 


nppucflnons  inFORmrrnon 


7.  LTC1289  AC  Characteristics 

Two  commonly  used  figures  of  merit  for  specifying  the 
dynamic  performance  of  the  A/D's  in  digital  signal  pro- 
cessing applications  are  the  Signal-to-Noise  Ratio  (SNR) 
and  the  "effective  number  of  bits  (ENOB)."  SNR  is  defined 
as  the  ratio  of  the  RMS  magnitude  of  the  fundamental  to 
the  RMS  magnitude  of  all  the  nonfundamental  signals  up 
to  the  Nyquist  frequency  (half  the  sampling  frequency). 
The  theoretical  maximum  SNR  for  a  sine  wave  input  is 
given  by: 

SNR  =  (6.02N  +  1.76dB) 

where  N  is  the  number  of  bits.  Thus  the  SNR  is  a  function 
of  the  resolution  of  the  A/D.  For  an  ideal  1 2-bit  A/D  the  SNR 
is  equal  to  74dB.  A  Fast  Fourier  Transform(FFT)  plot  of  the 


output  spectrum  of  the  LTC1 289  is  shown  in  Figures  1 7a 
and  17b.  The  input  (f|N)  frequencies  are  1kHz  and  12kHz 
with  the  sampling  frequency  (fs)  at  25kHz.  The  SNR 
obtained  from  the  plot  are  72.92dB  and  72.23dB. 

Rewriting  the  SNR  expression  it  is  possible  to  obtain  the 
equivalent  resolution  based  on  the  SNR  measurement. 

m  SNR-1.76dB 
6.02 

This  is  the  so-called  effective  number  of  bits  (ENOB).  For 
the  example  shown  in  Figures  17a  and  17b,  N  =  11.8  bits 
and  1 1 .7  bits,  respectively.  Figure  1 8  shows  a  plot  of  ENOB 
as  a  function  of  input  frequency.  The  curve  shows  the  A/D's 
ENOB  remain  in  the  range  of  1 1 .8  to  1 1 .7  for  input  frequen- 
cies up  to  f$/2 
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Figure  17a.  f,N  =  1kHz,  fs  =  25kHz,  SNR  =  72.92dB 
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Figure  18.  LTC1289  ENOB  vs  Input  Frequency 
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Figure  17b.  I!N  =  12kHz,  fs  =  25kHz,  SNR  =  72.23dB 
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Figure  19.  I,N1  =  2.6kHz,  f!N2  =  3.1kHz,  fs  =  25kHz 
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Figure  1 9  shows  an  FFT  plot  of  the  output  spectrum  fortwo 
tones  applied  to  the  input  of  the  A/D.  IMonlinearities  in  the 
A/D  will  cause  distortion  products  at  the  sum  and  differ- 
ence frequencies  of  the  fundamentals  and  products  of  the 
fundamentals.  This  is  classically  referred  to  as 
intermodulation  distortion  (IMD). 

8.  Overvoltage  Protection 

Applying  signals  to  the  analog  MUX  that  exceed  the 
positive  or  negative  supply  of  the  device  will  degrade  the 
accuracy  of  the  A/D  and  possibly  damage  the  device.  For 
example  this  condition  would  occur  if  a  signal  is  applied  to 
the  analog  MUX  before  power  is  applied  to  the  LTC1289. 
Another  example  is  the  input  source  is  operating  from 
different  supplies  of  larger  value  than  the  LTC1 289.  These 
conditions  should  be  prevented  either  with  proper  supply 
sequencing  or  by  use  of  external  circuitry  to  clamp  or 
current  limit  the  input  source.  As  shown  in  Figure  20,  a 
1  kn  resistor  is  enough  to  stand  off  ±1 5V  (1 5mA  for  one 
only  channel).  If  more  than  one  channel  exceeds  the 
supplies  than  the  following  guidelines  can  be  used.  Limit 
the  current  to  7mA  per  channel  and  28mA  for  all  channels. 
This  means  four  channels  can  handle  7mA  of  input  current 
each.  Reducing  the  ACLK  and  SCLK  frequencies  from  the 
maximum  of  2MHz  and  1MHz,  respectively  (see  Typical 
Peformance  Characteristics  curves  Maximum  ACLK  Fre- 
quency vs  Source  Resistance  and  Sample  and  Hold  Acqui- 
sition Time  vs  Source  Resistance)  allows  the  use  of  larger 
current  limiting  resistors.  Use  1 1M4148  diode  clamps  from 
the  MUX  inputs  to  Vrx  and  V~  if  the  value  of  the  series 
resistor  will  not  allow  the  maximum  clock  speeds  to  be 
used  or  if  an  unknown  source  is  used  to  drive  the  LTC1 289 
MUX  inputs. 

How  the  various  power  supplies  to  the  LTC1289  are 
applied  can  also  lead  to  overvoltage  conditions.  For  single 
supply  operation  (i.e.,  unipolar  mode),  if  Vrx  and  REF+are 
not  tied  together,  then  Vrx  should  be  turned  on  first,  then 
REF+.  If  this  sequence  cannot  be  met,  connecting  a  diode 
from  REF+  to  Vrjc  is  recommended  (see  Figure  21). 

For  dual  supplies  (bipolar  mode)  placing  two  Schottky 
diodes  from  VCc  and  V"to  ground  (Figure  22)  will  prevent 
power  supply  reversal  from  occuring  when  an  input  source 


is  applied  to  the  analog  MUX  before  power  is  applied  to  the 
device.  Power  supply  reversal  occurs,  for  example,  if  the 
input  is  pulled  below  V~then  Vcc  will  pull  a  diode  drop 
below  ground  which  could  cause  the  device  not  to  power 
up  properly.  Likewise,  if  the  input  is  pulled  above  Vcc  then 
V"  will  be  pulled  a  diode  drop  above  ground.  If  no  inputs 
are  present  on  the  MUX,  the  Schottky  diodes  are  not 
required  if  V"  is  applied  first,  then  Vcc- 

Because  a  unique  input  protection  structure  is  used  on  the 
digital  input  pins,  the  signal  levels  on  these  pins  can 
exceed  the  device  VCc  without  damaging  the  device. 


Figure  20.  Overvoltage  Protection  for  MUX 
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Figure  21. 


Figure  22.  Power  Supply  Reversal 
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A  "Quick  Look"  Circuit  for  the  LTC1289 

Users  can  get  a  quick  look  at  the  function  and  timing  of  the 
LTC1 289  by  using  the  following  simple  circuit.  REF+  and 
Dim  are  tied  to  Vcc  selecting  a  3V  input  span,  CH7  as  a 
single-ended  input,  unipolar  mode,  MSB-first  format  and 


SCLK  is  driven  by  one  half  the  clock  rate.  CS  is  driven  at 
1  n  28  the  clock  rate  by  the  74HC393  and  D0ut  outputs  the 
data.  All  other  pins  are  tied  to  a  ground  plane.  The  output 
data  from  the  Dqut  pin  can  be  viewed  on  an  oscilloscope 


16-bit  word  length.  ACLK  is  driven  by  an  external  clockand    which  is  set  up  to  trigger  on  the  falling  edge  of  CS. 


A  "Quick  Look"  Circuit  for  the  LTC1289 
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Scope  Trace  of  LTC1289  "Quick  Look"  Circuit 
Showing  A/D  Output  of  010101010101  (555Hex) 
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VERTICAL:  5V/DIV 
HORIZONTAL:  2ps/DIV 
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SNEAK-A-BIT™ 

The  LTC1 289's  unique  ability  to  software  select  the  polar- 
ity of  the  differential  inputs  and  the  output  word  length  is 
used  to  achieve  one  more  bit  of  resolution.  Using  the 
circuit  below  with  two  conversions  and  some  software,  a 
2's  complement  1 2-bit  +  sign  word  is  returned  to  memory 
inside  the  MPU.  The  MC68HC05C4  was  chosen  as  an 
example,  however,  any  processor  that  operates  at  3.3V 
could  be  used. 


Two  12-bit  unipolar  conversions  are  performed:  the  first 
over  a  OV  to  2.5V  span  and  the  second  over  a  OV  to  -2.5V 
span  (by  reversing  the  polarity  of  the  inputs).  The  sign  of 
the  input  is  determined  by  which  of  the  two  spans  con- 
tained it.  Then  the  resulting  number  (ranging  from  -4095 
to  +4095  decimal)  is  converted  to  2's  complement  nota- 
tion and  stored  in  RAM. 


OTHER  CHANNELS 
OR  SNEAK-A-BIT 
INPUTS 


VlN  . 
-2.5V  TO  +2.5V 


IP 


CHO 
CH1 
CH2 
CH3 
CH4 

I 

CH5 
CH6 
CH7 
COM 


SNEAK-A-BIT  Circuit 
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Ihi 
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ACLK 
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SCLK 

MOSI 

MISO 

CO 
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X 


-3.3V 


SNEAK-A-BIT 


VlN    t+ 


)CH6 
-)  CH7 


1ST  CONVERSION  ov 


(-)  CH6 
(+)  CH7 


2NO  CONVERSION 


1ST  CONVERSION 
4096  STEPS 


VlN 


2ND  CONVERSION 
4096  STEPS 


-2.5V 


>  8191  STEPS 


J 


SNEAK-A-BIT  is  a  trademark  ol  Linear  Technology  Corp. 
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SNEAK-A-BIT  Code 

Dout  from  LTC1289  in  MC68HC05C4  RAM 
Sign 


SNEAK-A-BIT  Code  for  the  LTC1289  Using  the  MC68HC05C4 


Location  $77    |B12  B11  B10  B9  B8  B7  B6  B5 

LSB 


Location  $87     B4  B3  B2  B1  BO  filled  with  Os 


Din  words  for  LTC1289 

MUXAddr. 


Din1 
Din2 
Din3 


MSBF 

UNI 

Word 

(ODD/SIGN)  l 

Length 

0     0  1111 

1  1 

0  1111111 


111111 


SNEAK-A-BIT  Code  for  the  LTC1289  Using  the  MC68HC05C4 


MNEMONIC 

DESCRIPTION 

LDA 

#$50 

Configuration  data  for  SPCR 

STA 

$0A 

Load  configuration  data  into  $0A 

LDA 

#$FF 

Configuration  data  for  port  C  DDR 

STA 

$06 

Load  configuration  data  into  port  C  DDR 

BSET 

0,  $02 

Make  sure  CS  is  high 

JSR 

READ  -/+ 

Dummy  read  configures  LTC1289  for 

next  read 

JSR 

READ  +/- 

Read  CH6  with  respect  to  CH7 

JSR 

READ  -/+ 

Read  CH7  with  respect  to  CH6 

JSR 

CHK  SIGN 

Determines  which  reading  has  valid 

data,  converts  to  2's  complement  and 

stores  in  RAM 

READ-/+:  LDA 

#$3F 

Load  Dim  word  for  LTC1289  into  ACC 

JSR 

TRANSFER 

Read  LTC1 289  routine 

LDA 

$60 

Load  MSBs  from  LTC1 289  in  ACC 

STA 

$71 

Store  MSBs  in  $71 

LDA 

$61 

Load  LSBs  from  LTC1289  in  ACC 

STA 

$72 

Store  LSBs  in  $72 

RTS 

Return 

MNEMONIC 

DESCRIPTION 

READ  +/-: 

LDA 

#$7F 

Load  D|N  word  for  LTC1289  into  ACC 

JSR 

TRANSFER 

Read  LTC1 289  routine 

LDA 

$60 

Load  MSBs  from  LTC1289  into  ACC 

STA 

$73 

Store  MSBs  in  $73 

LDA 

$61 

Load  LSBs  from  LTC1289  into  ACC 

STA 

$74 

Store  LSBs  in  $74 

RTS 

Return 

TRANSFER: 

BCLR 

0,  $02 

CS  goes  low 

STA 

$0C 

Load  Dm  into  SPI.  Start  transfer 

L00P1: 

TST 

$0B 

Test  status  of  SPIF 

BPL 

LOOP  1 

Loop  to  previous  instruction  if  not  done 

LDA 

$0C 

Load  contents  of  SPI  data  reg  into  ACC 

STA 

$0C 

Start  next  cycle 

STA 

$60 

Store  MSBs  in  $60 

LOOP  2: 

TST 

$0B 

Test  status  of  SPIF 

BPL 

LOOP  2 

Loop  to  previous  instruction  if  not  done 

BSET 

0,  $02 

CS  goes  high 

LDA 

$0C 

Load  contents  of  SPI  data  reg  into  ACC 

STA 

$61 

Store  LSBs  in  $61 

RTS 

Return 

CHK  SIGN: 

LDA 

$73 

Load  MSBs  of  +/-  read  into  ACC 

0RA 

$74 

Or  ACC  (MSBs)  with  LSBs  of  +/-  read 

BEQ 

MINUS 

If  result  is  0  goto  minus 

CLC 

Clear  carry 

R0R 

$73 

Rotate  right  $73  through  carry 

ROR 

$74 

Rotate  right  $74  through  carry 

LDA 

$73 

Load  MSBs  of  +/-  read  into  ACC 

STA 

$77 

Store  MSBs  in  RAM  locations  $77 

LDA 

$74 

Load  LSBs  of  +/-  read  into  ACC 

STA 

$87 

Store  LSBs  in  RAM  location  $87 

BRA 

END 

Goto  end  of  routine 

MINUS: 

CLC 

Clear  carry 

ROR 

$71 

Shift  MSBs  of -/+ read  right 

ROR 

$72 

Shift  LSBs  of  -/tread  right 

COM 

$71 

1's  complement  of  MSBs 

COM 

$72 

t's  complement  of  LSBs 

LDA 

$72 

Load  LSBs  into  ACC 

ADD 

#$01 

Add  1  to  LSBs 

STA 

$72 

Store  ACC  in  $72 

CLRA 

Clear  ACC 

ADC 

$71 

Add  with  carry  to  MSBs.  Result  in  ACC 

STA 

$71 

Store  ACC  in  $71 

STA 

$77 

Store  MSBs  in  RAM  locations  $77 

LDA 

$72 

Load  LSBs  in  ACC 

STA 

$87 

Store  LSBs  in  RAM  location  $87 

END: 

RTS 

Return 
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Power  Shutdown 

For  battery-powered  applications  it  is  desirable  to  keep 
power  dissipation  at  a  minimum.  The  LTC1289  can  be 
powered  down  when  not  in  use  reducing  the  supply 
current  from  a  nominal  value  of  1  mA  to  typically  1  uA  (with 
ACLK  turned  off).  SeetheCurve  for  Supply  Current  (Power 
Shutdown)  vs  ACLK  if  ACLK  cannot  be  turned  off  when  the 
LTC1289  is  powered  down.  In  this  case  the  supply  current 
is  proportional  to  the  ACLK  frequency  and  is  independent 
of  temperature  until  it  reaches  the  magnitude  of  the  supply 
current  attained  with  ACLK  turned  off. 

As  an  example  of  how  to  use  this  feature  let's  add  this  to 
the  previous  application,  SNEAK-A-BIT.  After  the  CHK 
SIGN  subroutine  call  insert  the  following: 


JSR  CHK  SIGN       Determines  which  reading  has  valid 
data,  converts  to  2's  complement 
and  stores  in  RAM 

JSR  SHUTDOWN     LTC1 289  power  shutdown  routine 

The  actual  subroutine  is: 

SHUTDOWN:  LDA  #$3D       Load  D,N  word  for 

LTC1 289  into  ACC 
JSR  TRANSFER  Read  LTC1 289  routine 
RTS  Return 


To  place  the  device  in  power  shutdown  the  word  length 
bits  are  set  to  WL1  =  0  and  WLO  =  1.  The  LTC1289  is 
powered  up  on  the  next  request  for  conversion  and  it's 
ready  to  digitize  an  input  signal  immediately. 

Power  Shutdown  Timing  Considerations 

After  power  shutdown  has  been  requested,  the  LTC1289 
is  powered  up  on  the  next  request  for  a  conversion.  This 
request  can  be  initiated  either  by  bringing  CS  low  or  by 
starting  the  next  cycle  of  SCLKs  if  CS  is  kept  low  (see 
Figures  3  and  4).  When  the  SCLK  frequency  is  much 
slower  than  the  ACLK  frequency  a  situation  can  arise 
where  the  LTC1289  could  power  down  and  then  prema- 
turely power  back  up.  Power  shutdown  begins  at  the 
negative  going  edge  of  the  10th  SCLK  once  it  has  been 
requested.  A  dummy  conversion  is  executed  and  the 
LTC1 289  waits  for  the  next  request  for  conversion.  If  the 
SCLKs  have  not  finished  once  the  LTC1 289  has  finished  its 
dummy  conversion,  it  will  recognize  the  next  remaining 
SCLKs  as  a  request  to  start  a  conversion  and  power  up  the 
LTC1 289  (see  Figure  23).  To  prevent  this,  bring  either  CS 
high  at  the  19th  SCLK  (Figure  24)  or  clock  out  only  10 
SCLKs  (Figure  25)  when  power  shutdown  is  requested. 


JiJiJTJiJinjriJiJiJij^^ 


POWER  SHUTDOWN  STARTS '  /  \ 

DUMMY  CONVERSION  FINISHES  AFTER  52  ACLK  PERIODS  /  ^  POWER  UP 

Figure  23.  Power  Shutdown  Timing  Problem 
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POWER  SHUTDOWN  STARTS  '  / 
DUMMY  CONVERSION  FINISHES  AFTER  52  ACLK  PERIODS  ' 

Figure  24.  Power  Shutdown  Timing 
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TYPICAL  APPUCOTIOnS 
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POWER  SHUTDOWN  STARTS  ' 
DUMMY  CONVERSION  FINISHES  AFTER  52  ACLK  PERIODS  ' 

Figure  25.  Power  Shutdown  Timing 
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F€ATUR€S 

■  Software  Programmable  Features 
-Unipolar/Bipolar  Conversion 

-4  Differential/8  Single  Ended  Inputs 
-MSB  or  LSB  First  Data  Sequence 
-Variable  Data  Word  Length 
-Power  Shutdown 

■  Built-in  Sample  and  Hold 

■  Single  Supply  5V  or  ±5V  Operation 

■  Direct  4  Wire  Interface  to  Most  MPU  Serial  Ports  and  all 
MPU  Parallel  Ports 

■  50kHz  Maximum  Throughput  Rate 

K€V  SP€CIFICRTIOnS 

■  Resolution  12  Bits 

■  Fast  Conversion  Time  13/is  Max.  Over  Temp. 

■  Low  Supply  Current  6.0mA 

LTCMOS  is  a  trademark  of  Linear  Technology  Corporation. 


 LTC129Q 

Single  Chip  12-Bit  Data 
Acquisition  System 

DCSCRIPTIOn 

The  LTC1290  is  a  data  acquisition  component  which 
contains  a  serial  I/O  successive  approximation  A/D  con- 
verter. ltusesLTCMOS™switchedcapacitortechnologyto 
perform  either  12-bit  unipolar,  or  1 1-bit  plus  sign  bipolar 
A/D  conversions.  The  8-channel  input  multiplexer  can  be 
configured  for  either  single  ended  or  differential  inputs  (or 
combinations  thereof).  An  on-chip  sample  and  hold  is 
included  for  all  single  ended  input  channels.  When  the 
LTC1 290  is  idle  it  can  be  powered  down  with  a  serial  word 
in  applications  where  low  power  consumption  is  desired. 

The  serial  I/O  is  designed  to  be  compatible  with  industry 
standard  full  duplex  serial  interfaces.  It  allows  either  MSB 
or  LSB  first  data  and  automatically  provides  2's  comple- 
ment output  coding  in  the  bipolar  mode.  The  output  data 
word  can  be  programmed  for  a  length  of  8, 1 2  or  1 6-bits. 
This  allows  easy  interface  to  shift  registers  and  a  variety  of 
processors. 
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12-Bit  8-Channel  Sampling  Data  Acquisition  System 


SINGLE-ENDED  INPUT  1kt! 
0VTO5VOR±5V  ■ 
±15V  OVERVOLTAGE  RANGE- 


DIFFERENTIAL  INPUT  (+)' 
±5V  COMMON  MODE  RANGE  ,_). 


CHO  Vcc 

CH1  ACLK 

CH2  SCLK 
CH3 
CH4 

LTC1290  _ 

CH5  CS 


CH6 
CH7 
COM 
DGND 


REF+ 
REF-  I— 

V- 
AGND 


"IN  —  r 
DrjUT  - 
CS  —) 


22|iF 

TANTALUM 


A>1N 


AND  FROM 
MICROPROCESSOR 


1N4148 


4.7(iF 
TANTALUM  — J— 
■  -5V  ■=■ 


T 


1HF 


0.1MF 

•FOR  OVERVOLTAGE  PROTECTION  ON  ONLY  ONE  CHANNEL  LIMIT  THE  INPUT  CURRENT  TO  15mA.  FOR  OVERVOLTAGE  PROTECTION 
ON  MORE  THAN  ONE  CHANNEL  LIMIT  THE  INPUT  CURRENT  TO  7mA  PER  CHANNEL  AND  28mA  FOR  ALL  CHANNELS.  (SEE  SECTION 
ON  OVERVOLTAGE  PROTECTION  IN  THE  APPLICATIONS  INFORMATION.)  CONVERSION  RESULTS  ARE  NOT  VALID  WHEN  THE  SELECTED 
OR  ANY  OTHER  CHANNEL  IS  OVERVOLTAGED  (V,N  <  V"  OR  V,N  >  Vcc). 


LTC1290 


rbsoiutc  maximum  ratmgs 

(Notes  land  2) 

Supply  Voltage  (VCc)  to  GND  or  V-  12V 

Negative  Supply  Voltage  (V  -)  -  6V  to  GND 

Voltage 

Analog  and  Reference  Inputs  ..(V~)  -0.3V  to  Vcc+ 0.3V 

Digital  Inputs  -0.3V  to  12V 

Digital  Outputs  -0.3V  to  VCc  + 0.3V 


Power  Dissipation   500mW 

Operating  Temperature  Range 

LTC1290BC,  LTC1290CC,  LTC1290DC  0°C  to  70°C 

LTC1290BI,  LTC1290CI,  LTC1290DI  -40°Cto85°C 

LTC1290BM,  LTC1290CM,  LTC1290DM  .  -  55°C  to  125°C 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 
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cho[T 
cm  [T 

CH2[T 
CH3[T 
CH4|T 
CH5[T 
CH6[7 
CH7|T 

com[T 
dgnd[T5 


TOP  VIEW 



1'cc 
Tj]  ACLK 
18]  SCLK 
HI  Din 
HDqut 
ijQ  CS 
14)  REF* 
H]  REF" 

T|]  v- 

TTJ  AGND 


J  PACKAGE  N  PACKAGE 

20-LEAD  CERAMIC  DIP    20-LEAO  PLASTIC  DIP 


LTCI290-POIM 


ORDER  PART 
NUMBER 


LTC1290BMJ 

LTC1290CMJ 

LTC1290DMJ 

LTC1290BIJ 

LTC1290CIJ 

LTC1290DIJ 

LTC1290BIN 

LTC1290CIN 

LTC1290DIN 

LTC1290BCN 

LTC1290CCN 

LTC1290DCN 


S  PACKAGE 
20-LEAD  PLASTIC  SOL 


LTC1290  ■  POI01 


ORDER  PART 
NUMBER 


LTC1290BCS 
LTC1290CCS 
LTC1290DCS 


CORV€RT€R  RRD  fflUlTIPLCXCR  CHRRRCTCRISTICS  (Notes) 


PARAMETER 

CONDITIONS 

LTC1290B 
MIN       TYP  MAX 

LTC1290C 
MIN       TYP  MAX 

LTC1290D 
MIN       TYP  MAX 

UNITS 

Offset  Error 

(Note  4) 

• 

±1.5 

±1.5 

±1.5 

LSB 

Linearity  Error  (INL) 

(Notes  4  and  5) 

• 

±0.5 

±0.5 

±0.75 

LSB 

Gain  Error 

(Note  4) 

• 

±0.5 

±1.0 

±4.0 

LSB 

Minimum  Resolution  for 
Which  No  Missing  Codes  are 
Guaranteed 

• 

12 

12 

12 

Bits 

Analog  and  REF  Input  Range 

(Note  7) 

(V-)- 0.05V  to  Vcc  + 0.05V 

(V-)-0.05VtoVcc  + 0.05V 

(V-)  -0.05V  to  Vcc  + 0.05V 

V 

On  Channel  Leakage  Current 
(Note  8) 

On  Channel  =  5V 
Off  Channel  =  0V 

• 

+  1 

±1 

±1 

On  Channel  =  0V 
Off  Channel  =  5V 

• 

±1 

±1 

±1 

Off  Channel  Leakage  Current 
(Note  8) 

On  Channel  =  5V 
Off  Channel  =  0V 

• 

±1 

±1 

±1 

On  Channel  =  0V 
Off  Channel  =  5V 

• 

±1 

±1 

±1 
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AC  CHARACT€RISTICS(Note3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1290B 
LTC1290C 
LTC1290D 
MIN  TYP 

MAX 

UNITS 

fsCLK 

Shift  Clock  FreQusncy 

Vcc  =  5V(Note6) 

0 

2.0 

MHz 

fACLK 

A/D  Clock  Frequency 

Vcc  =  5V(Note6) 

(Note  10) 

4.0 

MHz 

Ucc 

Delay  Time  from  CS 1  to  D0ut  Data  Valid 

(Note  9) 

2 

ACLK 

Cvcles 

'SMPL 

Analoo  Inout  SamDleTime 

ru  la  ivy  input  Kjaii  iu  ic  nine 

See  Operating  Sequence 

7 

SCLK 
Cycles 

tcONV 

Conversion  Time 

See  Operating  Sequence 

52 

ACLK 
Cycles 

'CYC 

Total  Cycle  Time 

See  Operating  Sequence  (Note  6) 

12 SCLK + 
56  ACLK 

Cycles 

tdDO 

Delay  Time,  SCLK 1  to  D0Ut  Data  Valid 

See  Test  Circuits 

LTC1290BC,  LTC1290CC, 
LTC1290DC,  LTC1290BI, 
LTC1290CI,  LTC1290DI 

• 

130 

220 

ns 

LTC1290BM,  LTC1290CM, 
LTC1290DM 

• 

180 

270 

ns 

'dis 

nolaw  Time         t  tn        _  Hi  7 

ueidy  i  line,  Lio  i  io  uquy  ni-£. 

See  Test  Circuits 

• 

70 

100 

ns 

ten 

Delay  Time,  2nd  ACLK  1  to  D0Ut  Enabled 

See  Test  Circuits 

• 

130 

200 

ns 

thCS 

Hold  Time,  CS  After  Last  SCLK  1 

Vcc  =  5V(Note6) 

0 

ns 

Hold  Time,  D|N  After  SCLK  1 

Vcc=5V(Note6) 

50 

ns 

thDO 

Time  Output  Data  Remains  Valid  After  SCLKI 

50 

ns 

t( 

D0UT  Fall  Time 

See  Test  Circuits 

• 

65 

130 

ns 

t, 

D0UT  Rise  Time 

See  Test  Circuits 

• 

25 

50 

ns 

tsuDI 

Setup  Time,  D!N  Stable  Before  SCLK  1 

Vcc  =  5V(Note6) 

50 

ns 

tsuCS 

Setup  Time,  CS  1  Before  Clocking  in  First 
Address  Bit 

(Note  6  and  9) 

2  ACLK  Cycles 
+  100ns 

'WHCS 

CS  High  Time  During  Conversion 

Vcc  =  5V(Note6) 

52 

ACLK 
Cycles 

Gin 

Input  Capacitance 

Analog  Inputs  On  Channel 
Off  Channel 

100 

5 

pF 
PF 

Digital  Inputs 

5 

PF 

Note  1:  Absolute  maximum  ratings  are  those  values  beyond  which  the  life 
of  a  device  may  be  impaired. 

Note  2:  All  voltage  values  are  with  respect  to  ground  with  DGND,  AGND, 
and  REF~  wired  together  (unless  otherwise  noted). 
Note  3:  Vcc  =  5V,  VREF  +  =  5V,  VREF  -  =  0V,  V  =  0V  for  unipolar  mode  and 
-  5V  for  bipolar  mode,  ACLK  =  4.0MHz  unless  otherwise  specified.  The  • 
indicates  specs  which  apply  over  the  full  operating  temperature  range;  all 
other  limits  and  typicals  TA  =  25°C. 

Note  4:  These  specs  apply  for  both  unipolar  and  bipolar  modes.  In  bipolar 
mode,  one  LSB  is  equal  to  the  bipolar  input  span  (2VREF)  divided  by  4096. 
For  example,  when  VnEF  =  5V,  1  LSB  (bipolar)  =  2(5V)/4096  =  2.44mV. 
Note  5:  Integral  non-linearity  is  defined  as  the  deviation  of  a  code  from  a 
straight  line  passing  through  the  actual  endpoints  of  the  transfer  curve.  The 
deviation  is  measured  from  the  center  of  the  quantization  band. 
Note  6:  Recommended  operating  conditions. 
Note  7:  Two  on-chip  diodes  are  tied  to  each  reference  and  analog  input 
which  will  conduct  for  reference  or  analog  input  voltages  one  diode  drop 
below  V"  or  one  diode  drop  above  Vcc.  Be  careful  during  testing  at  low  Vcc 


levels  (4.5V),  as  high  level  reference  or  analog  inputs  (5V)  can  cause  this  in- 
put diode  to  conduct,  especially  at  elevated  temperatures,  and  cause  errors 
for  inputs  near  full  scale.  This  spec  allows  50mV  forward  bias  of  either 
diode.  This  means  that  as  long  as  the  reference  or  analog  input  does  not  ex- 
ceed the  supply  voltage  by  more  than  50mV,  the  output  code  will  be  correct. 
To  achieve  an  absolute  0V  to  5V  input  voltage  range  will  therefore  require  a 
minimum  supply  voltage  of  4.950V  over  initial  tolerance,  temperature  varia- 
tions and  loading. 

Note  8:  Channel  leakage  current  is  measured  after  the  channel  selection. 
Note  9:  To  minimize  errors  caused  by  noise  at  the  chip  select  input,  the  in- 
ternal circuitry  waits  for  two  ACLK  falling  edge  after  a  chip  select  falling 
edge  is  detected  before  responding  to  control  input  signals.  Therefore,  no 
attempt  should  be  made  to  clock  an  address  in  or  data  out  until  the  mini- 
mum chip  select  setup  time  has  elapsed. 

Note  10:  Increased  leakage  currents  at  elevated  temperatures  cause  the 
S/H  to  droop,  therefore  it's  recommended  that  fACLK>500kHz  at  125°C, 
fACLK2l25kHz  at  85°C,  and  fACLK>15kHz  at  25°C. 
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SYMBOL 

PARAMETER 

CONDITIONS 

1  TfH90nD 

LTC1290C 
LTC1290D 
MIN            TYP  MAX 

UNITS 

V,H 

High  Level  Input  Voltage 

VCC  =  5.25V 

• 

2.0 

V 

VlL 

Low  Level  Input  Voltage 

VCC  =  4.75V 

0.8 

V 

l|H 

High  Level  Input  Current 

V|N  =  Vcc 

• 

2.5 

llA 

hi 

Low  Level  Input  Current 

Vin  =  ov 

• 

-2.5 

llA 

VOH 

High  Level  Output  Voltage 

VCC  =  4.75V,  l0  =  10nA 
Irj  =  360liA 

4.7 

2.4  4.0 

v 

V 

V™ 

V0L 

1  nw  1  pupI  flntniit  Vnltanp 

Vcc  =  4.75V,  l0  =  1.6mA 

• 

0.4 

\l 

In7 
lOI 

Hi-Z  Oiitnut  Leakaae 

Vout  =  VCC,CS  High 
VOUT  =  0V,  CS  High 

• 
• 

3 
-3 

uA 
uA 

■source 

Output  Source  Current 

VOUT  =  0V 

-20 

mA 

■sink 

Output  Sink  Current 

VoUT  =  Vcc 

20 

mA 

Ice 

Positive  Supply  Current 

CS  High 

• 

6  12 

mA 

CS  High, 
Power 
Shutdown, 
ACLKoff 

LTC1290BC, LTC1290CC, 
LTC1290DC,  LTC1290BI, 
LTC1290CI,  LTC1290DI 

• 

5  10 

uA 

LTC1290BM, LTC1290CM, 
LTC1290DM 

• 

5  15 

VA 

Iref 

Reference  Current 

Vref  =  5V 

• 

10  50 

HA 

r 

Negative  Supply  Current 

CS  High 

• 

1  50 

ha 

T€ST  CIRCUITS 

On  and  Off  Channel  Leakage  Current 


/polarity 


Load  Circuit  for  tdis  and  ten 


D0UT 

PO 

NT 

aw 

 w»  

^  tOOpF 

Voltage  Waveforms  for  Dqut  Delay  Time,  tdDO 


"out 


..0.8V 

— i<>do— 

> 

<  

:  2.4V 
:0.4V 


Voltage  Waveform  for  Dout  Rise  and  Fall  Times,  tr,  t 

"OUT 


5V    WAVEFORM  2 


^1 


-tr 

Load  Circuit  for  tdDO,  tr,  and  t| 

1.4V 
I      >  3kt) 

E>OUT        I        TEST  POINT 
,-p.  100pF 
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T€ST  CIRCUITS 


cs 

OOUT 
WAVEFORM  1 
(SEE  NOTE  1) 

Dout 
WAVEFORM  2 
(SEE  NOTE  2) 


Voltage  Waveforms  for  ten  and  tdis 

1  2 


;=5 


^L2.0V 


NOTE  1 :  WAVEFORM  1  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH  THAT  THE  OUTPUT  IS  HIGH  UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL 
NOTE  2:  WAVEFORM  2  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH  THAT  THE  OUTPUT  IS  LOW  UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL 


pin  Funcnons 


1 

PIN 

FUNCTION 

DESCRIPTION 

1-8 

CH0-CH7 

Analog  Inputs 

The  analog  inputs  must  be  free  of  noise  with  respect  to  AGND. 

9 

COM 

Common 

The  common  pin  defines  the  zero  reference  point  for  all  single  ended  inputs.  It  must  be  free  of 

noise  and  is  usually  tied  to  the  analog  ground  plane. 

10 

DGND 

Digital  Ground 

This  is  the  ground  for  the  internal  logic.  Tie  to  the  ground  plane. 

11 

AGND 

Analog  Ground 

AGND  should  be  tied  directly  to  the  analog  ground  plane. 

12 

Negative  Supply 

Tie  V-  to  most  negative  potential  in  the  circuit.  (Ground  in  single  supply  applications.) 

13,14 

REF~ ,  REF  + 

Reference  Inputs 

The  reference  inputs  must  be  kept  free  of  noise  with  respect  to  AGND. 

15 

CS 

Chip  Select  Input 

A  logic  low  on  this  input  enables  data  transfer. 

16 

Dour 

Digital  Data  Output 

The  AID  conversion  result  is  shifted  out  of  this  output. 

17 

Din 

Data  Input 

The  A/D  configuration  word  is  shifted  into  this  input. 

18 

SCLK 

Shift  Clock 

This  clock  synchronizes  the  serial  data  transfer. 

19 

ACLK 

A/D  Conversion  Clock 

This  clock  controls  the  A/D  conversion  process. 

20 

Vcc 

Positive  Supply 

This  supply  must  be  kept  free  of  noise  and  ripple  by  bypassing  directly  to  the  analog  ground 

plane. 

BLOCK  DIAGRAflfl 


CHO- 
CH1- 
CH2- 
CH3- 
CH4- 
CH5- 
CH6- 
CH7- 
COM  ■ 


ANALOG 
INPUT 
MUX 


SAMPLE 
AND  HOLD 


r 

DGND 


r 

AGND 


1 1 2  1 13  1 14 


|12 

v- 


17 

Din  

INPUT  SHIFT 
REGISTER 

OUTPUT  SHIFT 
REGISTER 

-DOUT 


12-BIT 
SAR 


CONTROL 

AND 
TIMING 


■  ACLK 


■C5 
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Supply  Current  vs  Supply  Voltage 


1  1 

ACLK=4MHz 

Ta 

=25°C 

Supply  Current  vs  Temperature 


4  6  8 

SUPPLY  VOLTAGE,  Vcc  (V) 


Unadjusted  Offset  Voltage  vs 
Reference  Voltage 


-10  10  30  60  70  90  110  130 
AMBIENT  TEMPERATURE,  Ta  TO 


Vcc 

=  5V 

Vqs= 

0  25C 

nV 

^Vos 

=  0.12 

mV 

12  3  4 

REFERENCE  VOLTAGE,  Vref  (V) 


Change  In  Linearity  vs  Reference 
Voltage 


3 


Vcc= 

5V 

12  3  4 

REFERENCE  VOLTAGE,  VbefW 


Change  in  Gain  Error  vs  Reference 
Voltage 


a  -o,2 


V 

cc^ 

2  3  4 

REFERENCE  VOLTAGE,  Vref  (V) 


Change  in  Offset  Error  vs 
Temperature 


V 

—  V 

oc=s 

REF  = 
CLK  = 

V 
5V 
4MH 

Z 

A 

-50  -  30  -10    10    30    50    70    90    110  130 
AMBIENT  TEMPERATURE,  TA  CO 


Change  in  Linearity  Error  vs 
Temperature 


I  I  I 

Vcc  =  5V 

V 
A 

REF  = 
0LK  = 

4MH 

: 

-50  -  30  -10    10    30    50    70    90   110  130 
AMBIENT  TEMPERATURE,  Ta  TO 


Change  in  Gain  Error  vs 
Temperature 


Vcc=5V 
Vbff  =  5V 

A 

4MH 

-50  -  30  -10   10    30    50    70    90    110  1  30 
AMBIENTTEMPERATUREJaTO 


Maximum  ACLK  Frequency  vs 
Source  Resistance 


1k  10k 
Rsource-  (II) 


100k 


•MAXIMUM  ACLK  FREQUENCY  REPRESENTS  THE  ACLK 
FREQUENCY  AT  WHICH  A  0,1  LSB  SHIFT  IN  THE  ERROR  AT 
ANY  CODE  TRANSITION  FROM  ITS  4MHz  VALUE  IS  FIRST 
DETECTED. 
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Maximum  Filter  Resistor  vs  Cycle 
Time 


Sample  and  Hold  Acquisition 
Timevs  Source  Resistance 


=  5V 

=5v  : 

25°C 

--VflEF 

--Vcc= 

"   TA  = 

0VTO5V  INPUT  STEP 

F 

sou 

ICE 

+ 

V|B— V 

+ 

100  1k 
CYCLE  TIME,  tCYcM 
"MAXIMUM  Rfilter  REPRESENTS  THE  FILTER  RESISTOR  VALUE 
AT  WHICH  A0.1LSB  CHANGE  IN  FULL-SCALE  ERROR  FROM 
ITS  VALUE  AT  Rfilter  =  0  IS  FIRST  DETECTED. 

Supply  Current  (Power  Shutdown) 
vsACLK 

200 
180 
160 


1k 

RSOURCEt 


10k 


Input  Channel  Leakage  Current  vs 
Temperature 


£  120 
S§  100 


orvtij 
LEV 

LS  ' 

1.00  2.00  3.00 

ACLK  FREQUENCY  (MHz) 


1000 

f  900 

:  800 

=  700 

i  600 
c 

1  500 

J  400 

\  300 

c 

I  200 
i  100 
0 


ARA 

fTEE 

A 

> — 

-Gl 

MCH 

»NNE 

L 

O 

  i  iJvtf 

Supply  Current  (Power  Shutdown) 
vs  Temperature 


AC 

K 

DF 

Ft 

UF 

— 

IN 

G 

OWE 

r; 

H 

_.. 

JT 

— 

JO 

Ml 

-30  -10   10    30    50    70    90    110   1  30 
AMBIENT  TEMPERATURE,  TA  (°C) 


Noise  Error  vs  Reference  Voltage 


-50  -  30  -10    10    30    50    70    90    110  130 
AMBIENT  TEMPERATURE,  Ta  (°C) 


2.25 

2.00 

!  1.75 

I  1.50 

j  1.25 

:  1.00 

'  0.75 
> 

I  0.50 
"  0^5 
0 


1 

TC1290N 

«Vp-p 

0  1  2  3  4  5 

REFERENCE  VOLTAGE,  Vref  (V) 


flppucniions  inFonmnTion 

The  LTC1290  is  a  data  acquisition  component  which  con- 
tains the  following  functional  blocks: 

1.  12-bit  successive  approximation  capacitive  A/D 
converter 

2.  Analog  multiplexer  (MUX) 

3.  Sample  and  hold  (S/H) 

4.  Synchronous,  full  duplex  serial  interface 

5.  Control  and  timing  logic 


DIGITAL  CONSIDERATIONS 
Serial  Interface 

The  LTC1290  communicates  with  microprocessors  and 
other  external  circuitry  via  a  synchronous,  full  duplex,  four 
wire  serial  interface  (see  Operating  Sequence).  The  shift 
clock  (SCLK)  synchronizes  the  data  transfer  with  each  bit 
being  transmitted  on  the  falling  SCLK  edge  and  captured 
on  the  rising  SCLK  edge  in  both  transmitting  and  receiving 
systems.  The  data  is  transmitted  and  received  simultane- 
ously (full  duplex). 
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Data  transfer  is  initiated_by  a  falling  chip  select  (CS) 
signal.  After  the  falling  CS  is  recognized,  an  8-bit  input 
word  is  shifted  into  the  Din  input  which  configures  the 
LTC1290  for  the  next  conversion.  Simultaneously,  the  re- 
sult of  the  previous  conversion  is  output  on  the  Dout  line. 
At  the  end  ofjhe  data  exchange  the  requested  conversion 
begins  and  CS  should  be  brought  high.  After  tcoNV,  the 
conversion  is  complete  and  the  results  will  be  available  on 
the  next  data  transfer  cycle.  As  shown  below,  the  result  of 
a  conversion  is  delayed  by  one  CS  cycle  from  the  input 
word  requesting  it. 


Dout 


Input  Data  Word 


D|NWord1 

D,NWord2 

'conv 
- —  A/D  — - 
Conversion 

D|N  Word  3 

DOUTWordO 

'conv 
A/D  — ► 
Conversion 

D0UTWord1 

D0UTWord2  | 

—  Da,a  — 
'iransfer 

,   Data  , 
Transfer 

The  LTC1290  eight  bit  data  word  is  clocked  into  the  Din  in- 
put on  the  first  eight  rising  SCLK  edges  after  chip  select  is 


recognized.  Further  inputs  on  the  Din  pin  are  then  ignored 
until  the  next  CS  cycle.  The  eight  bits  of  the  input  word  are 
defined  as  follows: 


Unipolar/ 
Bipolar 


Word 
Length 


SGU 
DIFF 

ODD/ 
SIGN 

SELECT 
1 

SELECT 
0 

UNI 

MSBF 

WL1 

WLO 

MUX  Address 


MSB  First/ 
LSB  First 


MUX  Address 

The  first  four  bits  of  the  input  word  assign  the  MUX 
configuration  for  the  requested  conversion.  For  a  given 
channel  selection,  the  converter  will  measure  the  voltage 
between  the  two  channels  indicated  by  the  +  and  -  signs 
in  the  selected  row  of  the  following  table.  Note  that  in  dif- 
ferential mode  (SGL/DIFF  =  0)  measurements  are  limited 
to  four  adjacent  input  pairs  with  either  polarity.  In  single 
ended  mode,  all  input  channels  are  measured  with  respect 
to  COM. 


Operating  Sequence 

(Example:  Differential  Inputs  (CH3-CH2),  Bipolar,  MSB  First  and  12-Bit  Word  Length) 


CS 


-'CYC- 


1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 10 111 1 12 1  

_jiruinjiriJUL^^ 

|"  tSMPL  4*  'CONV- 


J 


1 


njinmiiJiruuiJirii 
 r 


Dout 


SHIFT  A/D  RESULT  OUT  AND  _ 
NEW  CONFIGURATION  WORD  IN 
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Table  1.  Multiplexer  Channel  Selection 


MUX  ADDRESS 

DIFFERENTIAL  CHANNEL  SELECTION 

SGU 
DIFF 

ODD/ 
SIGN 

SELECT 
1  0 

0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0  0 

+ 

0 

0 

0  1 

+ 

0 

0 

1  0 

+ 

0 

0 

1  1 

+ 

0 

1 

0  0 

+ 

0 

1 

0  1 

+ 

0 

1 

1  0 

+ 

0 

1 

1  1 

+ 

MUX ADDRESS 

SINGLE  ENDED  CHANNEL  SELECTION 

SGU 
DIFF 

ODD/ 
SIGN 

SELECT 
1  0 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

0 

0  0 

+ 

0 

0  1 

+ 

0 

1  0 

+ 

0 

1  1 

+ 

1 

0  0 

+ 

1 

0  1 

+ 

1 

1  0 

+ 

1 

1  1 

1  1 

+ 

4  Differential 


CHANNEL 

+ 1-) 
-(+) 

2.3  j 

+(-) 
-(+) 

+m 
-  (+> 

+(-) 
-(+) 

8  Single  Ended 


CHANNEL 

0  

1  

2  

3  

4   

5  


COM  ( — ) 


Combinations  of  Differential  and  Single  Ended 

CHANNEL 


Changing  the  MUX  Assignment  "On  the  Fly" 


4,5 


COM  (UNUSED) 


COM  (- 


1ST  CONVERSION 


2ND  CONVERSION 


Figure  1.  Examples  of  Multiplexer  Options  on  the  LTC1290 
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Unipolar/Bipolar  (UNI) 

The  fifth  input  bit  (UNI)  determines  whether  the  conversion 
will  be  unipolar  or  bipolar.  When  UNI  is  a  logical  one,  a 
unipolar  conversion  will  be  performed  on  the  selected  in- 
put voltage.  When  UNI  is  a  logical  zero,  a  bipolar  conver- 
sion will  result.  The  input  span  and  code  assignment  for 
each  conversion  type  are  shown  in  the  figures  below. 


Unipolar  Transfer  Curve  (UNI  =  1) 


OV    1LSB  VREF-2LSBj  VREF 

VREF-1LSB 


Unipolar  Output  Code  (UNI  =  1) 


INPUT  VOLTAGE 

OUTPUT  CODE 

INPUT  VOLTAGE 

(Vref=5V) 

111111111111 

Vref-1LSB 

4.9988V 

111111111110 

• 
• 

Vref-2LSB 

• 
• 

4.9976V 

• 
• 

• 

000000000001 

• 

1LSB 

• 

0.0012V 

000000000000 

OV 

OV 

Bipolar  Output  Code  (UNI  =  0) 

INPUT  VOLTAGE 

OUTPUT CODE 

INPUT  VOLTAGE 

(Vref  =  5V) 

011111111111 

Vref-1LSB 

4.9976V 

011111111110 
• 
• 

Vref-2LSB 

• 
• 

4.9851V 

• 
• 

• 

000000000001 

• 

1LSB 

• 

0.0024V 

000000000000 

OV 

OV 

111111111111 

-1LSB 

-0.0024V 

111111111110 

-2LSB 

-0.0048V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

100000000001 

-(V„EF)  +  1LSB 

-4.9976V 

100000000000 

-(Vref) 

-5.0000V 

Bipolar  Transfer  Curve  (UNI  =  0) 


v« 
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MSB  First/LSB  First  Format  (MSBF) 

The  output  data  of  the  LTC1290  is  programmed  for  MSB 
first  or  LSB  first  sequence  using  the  MSBF  bit.  For  MSBF 
first  output  data  the  input  word  clocked  to  the  LTC1290 
should  always  contain  a  logical  one  in  the  sixth  bit  loca- 
tion (MSBF  bit).  Likewise  for  LSB  first  output  data  the  in- 
put word  clocked  to  the  LTC1290  should  always  contain  a 
zero  in  the  MSBF  bit  location.  The  MSBF  bit  affects  only 
the  order  of  the  output  data  word.  The  order  of  the  input 
word  is  unaffected  by  this  bit. 


MSBF 

OUTPUT  FORMAT 

0 

LSB  First 

1 

MSB  First 

Word  Length  (WL1,  WLO)  and  Power  Shutdown 

The  last  two  bits  of  the  input  word  (WL1  and  WLO)  program 
the  output  data  word  length  and  the  power  shutdown  fea- 
ture of  the  LTC1290.  Word  lengths  of  8, 12  or  16-bits  can  be 
selected  according  to  the  following  table.  The  WL1  and 
WLO  bits  in  a  given  Din  word  control  the  length  of  the  pre- 
sent, not  the  next,  Dout  word.  WL1  and  WLO  are  never 
"don't  cares"  and  must  be  set  for  the  correct  Dout  word 
length  even  when  a  "dummy"  Din  word  is  sent.  On  any 


Low  CS  Recognized  Internally 

™  _ri_n_n_rL_n_n 


transfer  cycle,  the  word  length  should  be  made  equal  to 
the  number  of  SCLK  cycles  sent  by  the  MPU.  Power  down 
will  occur  when  WL1  =  0  and  WLO  =  1  is  selected.  The  pre- 
vious conversion  result  will  be  clocked  out  as  a  10-bit  word 
so  a  "dummy"  conversion  is  required  before  powering 
down  the  LTC1290.  Conversions _are  resumed  once  CS 
goes  low  or  an  SCLK  is  applied,  if  CS  is  already  low. 


WL1 

WLO 

OUTPUT  WORD  LENGTH 

0 

0 

8-Bits 

0 

1 

Power  Shutdown 

1 

0 

12-Bits 

1 

1 

16-Bits 

Deglitcher 

A  deglitching  circuit  has  been  added  to  the  Chip  Select  in- 
put of  the  LTC1290  to  minimize  the  effects  of  errors 
caused  by  noise  on  that  input.  This  circuit  ignores 
changes  in  state  on  the  CS  input  that  are  shorter  in  dura- 
tion than  one  ACLK  cycle.  After  a  change  of  state  on  the 
CS  input,  the  LTC1290  waits  for  two  falling  edge  of  the 
ACLK  before  recognizing  a  valid  chip  select.  One  indica- 
tion of  CS  recognition  is  the  Dout  line  becoming  active 
(leaving  the  Hi-Z  state).  Notejhat  the  deglitching  applies 
to  both  the  rising  and  falling  CS  edges. 


High  CS  Recognized  Internally 

pf  _Ti_n_n_n_rLn 
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8-Bit  Word  Length 


-'SMPL- 


-  ICONV 


nnnnn  nnFi 


THE  LAST  FOUR  BITS 
ARETRUNCATED 


12-Bit  Word  Length 


SCLK 


-'SMPL- 


—4"  'CONV 


imriiiJiJiJiJinRjm 


16-Bit  Word  Length 


Dour 
MSB  FIRST  " 


Dout  . 
LSB  FIRST 


-Ismpl- 


««  FiriJiJijmrumjiJiJ^r^ 


(SB) 


B11     B10     B9      B8      B7     B6  B5 


|  B4  |  B3  |  B2  |  B1  |  BO  | 


FILL 

ZEROES  |- 


ISB) 


B1     B2     B3  I  B4  I  B5     B6     B7     B8     89    BIO  B11 


-ICONV 


*IN  UNIPOLAR  MODE,  THESE  BITS  ARE  FILLED  WITH  ZEROES. 
IN  BIPOLAR  MODE.  THE  SIGN  BIT  IS  EXTENDED  INTO  THESE  LOCATIONS. 


Figure  2.  Data  Output  (Dout)  Timing  with  Different  Word  Lengths 
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CS  Low  During  Conversion 

In  the  normal  mode  of  operation,  CS  is  brought  high  during 
the  conversionjime.  The  serial  port  ignores  any  SCLK 
activity_while  CS  is  high.  The  LTC1290  will  also  operate 
with  CS  low  during  the  conversion.  In  this  mode,  SCLK 


must  remain  low  during  the  conversion  as  shown  in  the 
following  figure.  After  the  conversion  is  complete,  the 
Dout  line  will  become  active  with  the  first  output  bit.  Then 
the  data  transfer  can  begin  as  normal. 


SHIFT 
-MUX  ADDRESS- 
IN 


'SM  PL 
-SAMPLE  ANALOG- 
INPUT 


48  TO  52 
ACLK  CYC 
 It- 


SHIFT  RESULT  OUT 
AND  NEW  ADDRESS  IN 


-  _ruijuijinjinjinji^ 


DOUT   fBlT|B1o[B9]  B8  [bT]  B6   B5  |  B4  |  B3  |"b7]  B1  [bqI  it— [    B1 1  |b10|  B9  |  B8   B7  |  B6  |"b7|  B4  |  B3  |  B2  [bT] 


Figure  3.  CS  High  During  Conversion 


SHIFT 
[—MUX  ADDRESS- 


lSMPL 
-SAMPLE  ANALOG  - 
INPUT 


48  TO  52 
ACLK  CYC 


SHIFT  RESULT  OUT 
AND  NEW  ADDRESS  IN 


"»   nnnnnnnnnnnn  -™  nnnnnnnnnnnn 

°«m  n   i  i 


,,  }})}}}>}}}}}}}}, 

^DON'TCARE^ 


ns 


Dout   >B11|3I0|  B9  |  B8  |  B7  | 


B5  [b4~|  B3  |"b7|  B1  [bqT- 


Figure  4.  CS  Low  During  Conversion 
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Microprocessor  Interfaces 

The  LTC1290  can  interface  directly  (without  external  hard- 
ware) to  most  popular  microprocessor  (MPU)  synchronous 
serial  formats  (see  Table  2).  If  an  MPU  without  a  serial  in- 
terface is  used,  then  4  of  the  MPU's  parallel  port  lines  can 
be  programmed  to  form  the  serial  link  to  the  LTC1290.  In- 
cluded here  are  two  serial  interface  examples  and  one 
example  showing  a  parallel  port  programmed  to  form  the 
serial  interface. 

Table  2.  Microprocessors  with  Hardware  Serial 
Interfaces  Compatible  with  the  LTC1290*  * 


PART  NUMBER 

TYPE  OF  INTERFACE 

Motorola 

MC6805S2.S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA 

CDP68HC05 

SPI 

Hitachi 

HD6305 

SCI  Synchronous 

HD6301 

SCI  Synchronous 

HD63701 

SCI  Synchronous 

HD6303 

SCI  Synchronous 

HD64180 

SCI  Synchronous 

National  Semiconductor 

COP400  Family 

MICROWIREt 

COP800  Family 

MICROWIRBPLUSt 

NS8050U 

MICROWIRE/PLUS 

HPC16000  Family 

MICROWIRE/PLUS 

Texas  Instruments 

TMS7002 

Serial  Port 

TMS7042 

Serial  Port 

TMS70C02 

Serial  Port 

TMS70C42 

Serial  Port 

TMS32011" 

Serial  Port 

TMS32020* 

Serial  Port 

TMS370C050 

SPI 

'Requires  external  hardware 

"Contact  factory  for  interface  information  for  processors  not  on  this  list 
tMICROWIRE  and  MICROWIRE/PLUS  are  trademarks  of  National 
or  Corp. 


receiving.  In  most  cases  data  bits  are  transmitted  on  the 
falling  edge  of  the  clock  (SCLK)  and  captured  on  the  rising 
edge.  However,  serial  port  formats  vary  among  MPU  man- 
ufacturers as  to  the  smallest  number  of  bits  that  can  be 
sent  in  one  group  (e.g.,  4-bit,  8-bit  or  16-bit  transfers).  They 
also  vary  as  to  the  order  in  which  the  bits  are  transmitted 
(LSB  or  MSB  first).  The  following  examples  show  how  the 
LTC1290  accommodates  these  differences. 

National  MICROWIRE(COP402) 

The  COP402  transfers  data  MSB  first  and  in  4-bit  incre- 
ments (nibbles).  This  is  easily  accommodated  by  setting 
the  LTC1290  to  MSB  first  format  and  12-bit  word  length. 
The  data  output  word  is  then  received  by  the  COP402  in 
three  4-bit  blocks. 


Hardware  and  Software  Interface  to  COP402  Processor 


ANALOG 
INPUTS 


SCLK 
Dm 


COP402 

GO 

SK 

SO 
SI 

Dout  from  LTC1290  stored  in  COP402  RAM 
MSB* 


Location  $13 
Location  $14 
Location  $15 


B11  B10  B9  B8 


B7  B6  B5  B4 


LSB 


B3  B2  B1  BO 


first  4  bits 
second  4  bits 
third  4  bits 


Serial  Port  Microprocessors 

Most  synchronous  serial  formats  contain  a  shift  clock 


+811  is  MSB  in  unipolaror  sign  bit  in  bipolar 
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COP402Code 


MNEMONIC 

COMMENTS 

CLRA 

Ml  1ST  RF  FIRST  INSTRI  irTlfiN 

n/iuoi  Dcnnoi  iinoi  nuL,i  iuin 

LBI 

1,0 

dr  _  i  Rn-  n  IMITIAI  I7F  R  RFfi 
Dn  —  1  DU  —  U  UNI  1  InLliLC  D  ncu. 

STII 

8 

FIDCT  n     MIDDI  F  IM  CIO 

STII 

E 

SECOND  Dim  NIBbLb  IN  $11 

STII 

0 

Ml  II  1  nATA  IM  419  R-  £11 
NULL  UAIA  UN  D-JIJ 

LEI 

c 

CFT  CM  Tr,  I11IYH  DIM 

ob  I  tN  I  U(l  IUU)  tS  I  IN 

LOOP  SC 

CARRY  SET 

LDD 

1,0 

I  flAn  FIR^T  n,„  MIRRI  F  IN  APf 

OGI 

0 

GO  (CS)  CLEARED 

XAS 

ACC TO  SHIFT  REG.  BEGIN  SHIFT 

LDD 

1,1 

LOAD  NEXT  D,N  NIBBLE  IN  ACC 

NOP 

TIMING 

XAS 

NEXT  NIBBLE,  SHIFT  CONTINUES 

XIS 

0 

FIRST  NIBBLE  D0utTO$13 

LDD 

1,2 

PUT  NULL  DATA  IN  ACC 

XAS 

SHIFT  CONTINUES,  D0mTTOACC 

XIS 

0 

NEXT  NIBBLE  DOUtTO$14 

RC 

CLEAR  CARRY 

CLRA 

CLEAR ACC 

XAS 

THIRD  NIBBLE  D0UT TO  ACC 

OGI 

1 

G0(CS)SET 

XIS 

0 

THIRD  NIBBLE  DOUTTO$15 

LBI 

1.3 

SET  B  REG.  FOR  NEXT  LOOP 

Motorola  SPI  (MC68HC05C4) 

The  MC68HC05C4  transfers  data  MSB  first  and  in  8-bit  in- 
crements. Programming  the  LTC1290  for  MSB  first  format 
and  16-bit  word  length  allows  the  12-bit  data  output  to  be 
received  by  the  MPU  as  two  8-bit  bytes  with  the  final  4  un- 
used bits  filled  with  zeroes  by  the  LTC1290. 


Hardware  and  Software  Interface  to  Motorola  MC68HC05C4 
Processor 


ANALOG 
INPUTS 


LTC1290 

MC68HC05C4 

is 

CO 

SCLK 
Dir. 

SCK 
MOSI 
MISO 

• 
• 

• 
• 

DouTfrom  LTC1290  stored  in  MC68HC05C4  RAM 
MSB* 


Location  $61 
Location  $62 


B11  B10B9  B8  B7  B6  B5  B4 


bytel 


LSB 


B3B2B1B0  0  0  0 




~0~|  byte  2 


*B11  is  MSB  in  unipolar  or  sign  bit  in  bipolar 
MC68HC05C4Code 


MNEMONIC 

COMMENTS 

LDA 

#$50 

CONFIGURATION  DATA  FOR  SPCR 

STA 

$0A 

LOAD  DATA  INTO  SPCR($0A) 

LDA 

#$FF 

CONFIG.  DATA  FOR  PORT  C  DDR 

STA 

$06 

LOAD  DATA  INTO  PORT  C  DDR 

LDA 

#$0F 

LOAD  LTC1290  D,N  DATA  INTO  ACC 

STA 

$50 

LOAD  LTC1290  D,N  DATA  INTO  $50 

START  BCLR 

0,$02 

CO  GOES  LOW  (CS  GOES  LOW) 

LDA 

$50 

LOAD  D|N  INTO  ACC  FROM  $50 

STA 

$0C 

LOAD  D|N  INTO  SPI.  START  SCK 

NOP 

8  NOPs  FORTIMING 

LDA 

SOB 

CHECK  SPI  STATUS  REG 

LDA 

$oc 

LOAD  LTC1290MSBS  INTO  ACC 

STA 

$61 

STORE  MSBs  IN  $61 

STA 

$oc 

START  NEXT  SPI  CYCLE 

NOP 

6  NOPs  FORTIMING 

BSET 

0,$02 

CO  GOES  HIGH  (CS  GOES  HIGH) 

LDA 

$0B 

CHECK  SPI  STATUS  REGISTER 

LDA 

$0C 

LOAD  LTC1290LSBS  INTO  ACC 

STA 

$62 

STORELSBslN$62 

Parallel  Port  Microprocessors 

When  interfacing  the  LTC1290  to  an  MPU  which  has  a 
parallel  port,  the  serial  signals  are  created  on  the  port  with 
software.  Three  MPU  port  lines  are  programmed  to  create 
the  CS,  SCLK  and  Din  signals  for  the  LTC1290.  A  fourth 
port  line  reads  the  Dour  line.  An  example  is  made  of  the 
Intel  8051/8052/80C252  family. 
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Intel  8051 

To  interface  to  the  8051,  the  LTC1290  is  programmed  for 
MSB  first  format  and  12-bit  word  length.  The  8051  gener- 
ates CS,  SCLK  and  Din  on  three  port  lines  and  reads  Dout 
on  the  fourth. 


Hardware  and  Software  Interface  to  Intel  8051  Processor 


8051  Code 


ANALOG 
INPUTS 


LTC1290 

8051 

Dout 

P1.1 

Din 

PI. 2 

SCLK 

P1.3 

E5 

P1 .4 

ALE 

Dout  from  LTC1290  stored  in  8051  RAM 
MSB* 


R2 
R3 


B11  B10  B9  B8  B7  B6  B5  54 


LSB 


B3  B2  B1  B0   0   0  0  0 


*B11  is  MSB  in  unipolar  or  sign  bit  in  bipolar 


MNEMONIC 

COMMENTS 

rviuv 

rl,  tfU^n 

BIT1PORT1  SET  AS  INPUT 

rl.o 

SCLK  GOES  LOW 

obi  D 

D1  A 

rl.4 

CS  GOES  HIGH 

^Ak|T 

OUN  1 

MUV 

A,  ffUbn 

D,N  WORD  FOR  LTC1290 

PI  D 

D1  A 

rl.4 

CS  GOES  LOW 

MOV 

R4,#08H 

LOAD  COUNTER 

NOP 

DELAY  FOR  DEGLITCHER 

LOOP 

MOV 

C,  P1.1 

READ  DATA  BIT  INTO  CARRY 

RLC 

A 

ROTATE  DATA  BIT  INTO  ACC 

MOV 

P1.2.C 

OUTPUT  D,N  BIT  TOLTC1290 

SETB 

P1.3 

SCLK  GOES  HIGH 

CLP, 

P1.3 

SCLK  GOES  LOW 

DJNZ 

R4,  LOOP 

NEXT  BIT 

MOV 

R2,A 

STORE  MSBs  IN  R2 

MOV 

C,  P1.1 

READ  DATA  BIT  INTO  CARRY 

CLR 

A 

CLEAR ACC 

RLC 

A 

ROTATE  DATA  BIT  INTO  ACC 

SETB 

P1.3 

SCLK  GOES  HIGH 

CLR 

P1.3 

SCLK  GOES  LOW 

MOV 

C,  P1.1 

READ  DATA  BIT  INTO  CARRY 

RLC 

A 

ROTATE  DATA  BIT  INTO  ACC 

SETB 

P1.3 

SCLK  GOES  HIGH 

CLR 

P1.3 

SCLK  GOES  LOW 

MOV 

C,  P1.1 

READ  DATA  BIT  INTO  CARRY 

RLC 

A 

ROTATE  DATA  BIT  INTO  ACC 

SETB 

P1.3 

SCLK  GOES  HIGH 

CLR 

P1.3 

SCLK  GOES  LOW 

MOV 

CP1.1 

READ  DATA  BIT  INTO  CARRY 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

MOV 

R3,A 

STORE  LSBs  IN  R3 

SETB 

P1.3 

SCLK  GOES  HIGH 

CLR 

P1.3 

SCLK  GOES  LOW 

SETB 

P1.4 

CS  GOES  HIGH 

MOV 

R5,  #0BH 

LOAD  COUNTER 

DELAY 

DJNZ 

R5,  DELAY 

GOTO  DELAY  IF  NOT  DONE 
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OUTPUT  PORT 
SERIAL  DATA 

MPU 


3  r 


I  I  I  I  I  I  I  I 


3  WIRE  SERIAL 
•  INTERFACE  TO  OTHI 
PERIPHERALS  OR  LI 


LTC1290 


I  Mill  I 

8  CHANNELS  8  CHANNELS  8  CHANNELS 

Figure  5.  Several  LTC1290s  Sharing  One  3  Wire  Serial  Interlace 


Sharing  the  Serial  Interface 

The  LTC1290  can  share  the  same  3  wire  serial  interface 
with  other  peripheral  components  or  other  LTC1290s  (see 
Figure  5).  In  this  case,  the  CS  signals  decide  which 
LTC1290  is  being  addressed  by  the  MPU. 

ANALOG  CONSIDERATIONS 

1.  Grounding 

The  LTC1290  should  be  used  with  an  analog  ground  plane 
and  single  point  grounding  techniques. 

Pin  11  (AGND)  should  be  tied  directly  to  this  ground  plane. 

Pin  10  (DGND)  can  also  be  tied  directly  to  this  ground 
plane  because  minimal  digital  noise  is  generated  within 
the  chip  itself. 

Pin  20  (Vcc)  should  be  bypassed  to  the  ground  plane  with  a 
22/jF  tantalum  with  leads  as  short  as  possible.  Pin  12  (V-) 
should  be  bypassed  with  a  0.1/iF  ceramic  disk.  For  single 
supply  applications,  V"  can  be  tied  to  the  ground  plane. 

It  is  also  recommended  that  pin  13  (REF-)  and  pin  9  (COM) 
be  tied  directly  to  the  ground  plane.  All  analog  inputs 
should  be  referenced  directly  to  the  single  point  ground. 
Digital  inputs  and  outputs  should  be  shielded  from  and/or 
routed  away  from  the  reference  and  analog  circuitry. 

Figure  6  shows  an  example  of  an  ideal  ground  plane  de- 
sign for  a  two  sided  board.  Of  course  this  much  ground 
plane  will  not  always  be  possible,  but  users  should  strive 


Vcc 


r-\k 


ANALOG 
GROUND 
PLANE 


3-1 

□ 

□ 

□ 

□ 

□ 

□ 


22,F  TANTALUM 


0  VF  CERAMIC  DISK 


Figure  6.  Example  Ground  Plane  for  the  LTC1 290 


2.  Bypassing 

For  good  performance,  Vcc  must  be  free  of  noise  and  rip- 
ple. Any  changes  in  the  Vcc  voltage  with  respect  to  analog 
ground  during  a  conversion  cycle  can  induce  errors  or 
noise  in  the  output  code.  Vcc  noise  and  ripple  can  be  kept 
below  0.5mV  by  bypassing  the  Vcc  pin  directly  to  the  ana- 
log ground  plane  with  a  22/jF  tantalum  capacitor  and  leads 
as  short  as  possible.  The  lead  from  the  device  to  the  Vcc 
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supply  should  also  be  kept  to  a  minimum  and  the  Vcc  sup- 
ply should  have  a  low  output  impedance  such  as  that 
obtained  from  a  voltage  regulator  (e.g.  LT323A).  Figures  7 
and  8  show  the  effects  of  good  and  poor  Vcc  bypassing. 


HORIZONTAL:  LO^s/DIV 


Figure  7.  Poor  Vcc  Bypassing.  Noise  and  Ripple 
Can  Cause  A/D  Errors 


HORIZONTAL  1(Vs/DIV 


Figure  8.  Good  Vcc  Bypassing  Keeps  Noise  and  Ripple 
on  Vcc  Below  1m  V 


3.  Analog  Inputs 

Because  of  the  capacitive  redistribution  A/D  conversion 
techniques  used,  the  analog  inputs  of  the  LTC1290  have 
capacitive  switching  input  current  spikes.  These  current 
spikes  settle  quickly  and  do  not  cause  a  problem. 
However,  if  large  source  resistances  are  used  or  if  slow 
settling  op  amps  drive  the  inputs,  care  must  be  taken  to  in- 
sure that  the  transients  caused  by  the  current  spikes  set- 
tle completely  before  the  conversion  begins. 

Source  Resistance 

The  analog  inputs  of  the  LTC1290  look  like  a  100pF  capaci- 
tor (Cin)  is  series  with  a  500J1  resistor  (Ron)  as  shown  in 
Figure  9.  Cin  gets  switched  between  the  selected "  + "  and 
"  - "  inputs  once  during  each  conversion  cycle.  Large  ex- 
ternal source  resistors  and  capacitances  will  slow  the  set- 


tling of  the  inputs.  It  is  important  that  the  overall  RC  time 
constants  be  short  enough  to  allow  the  analog  inputs  to 
completely  settle  within  the  allowed  time. 

"  + "  Input  Settling 

This  input  capacitor  is  switched  onto  the "  + "  input  during 
the  sample  phase  (tsMPL,  see  Figure  10).  The  sample  phase 
starts  at  the  4th  SCLK  cycle  and  lasts  until  the  falling  edge 
of  the  last  SCLK  (the  8th,  12th  or  16th  SCLK  cycle  depen- 
ding on  the  selected  word  length).  The  voltage  on  the "  + " 
input  must  settle  completely  within  this  sample  time.  Mini- 
mizing Rsource+  and  C1  will  improve  the  input  settling 
time.  If  large "  +  "  input  source  resistance  must  be  used, 
the  sample  time  can  be  increased  by  using  a  slower  SCLK 
frequency  or  selecting  a  longer  word  length.  With  the  mini- 
mum possible  sample  time  of  2/»s,  Rsource+  <1k  and 
C1  <20pF  will  provide  adequate  settling. 

"  - "  Input  Settling 

At  the  end  of  the  sample  phase  the  input  capacitor 
switches  to  the "  - "  input  and  the  conversion  starts  (see 
Figure  10).  During  the  conversion,  the "  + "  input  voltage  is 
effectively  "held"  by  the  sample  and  hold  and  will  not  af- 
fect the  conversion  result.  However,  it  is  critical  that  the 
"-"  input  voltage  be  free  of  noise  and  settle  completely 
during  the  first  four  ACLK  cycles  of  the  conversion  time. 
Minimizing  Rsource"  and  C2  will  improve  settling  time.  If 
large "  - "  input  source  resistance  must  be  used,  the  time 
allowed  for  settling  can  be  extended  by  using  a  slower 
ACLK  frequency.  At  the  maximum  ACLK  rate  of  4MHz, 
Rsource"  <250fi  and  C2<20pF  will  provide  adequate 
settling. 


RSOURCE+  INPUT 

-wv — t — Q- 


Figure  9.  Analog  Input  Equivalent  Circuit 
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Input  Op  Amps 

When  driving  the  analog  inputs  with  an  op  amp  it  is  im- 
portant that  the  op  amp  settle  within  the  allowed  time  (see 
Figure  10).  Again,  the "  + "  and "  - "  input  sampling  times 
can  be  extended  as  described  above  to  accommodate 
slower  op  amps.  Most  op  amps  including  the  LT1006  and 
LT1013  single  supply  op  amps  can  be  made  to  settle  well 
even  with  the  minimum  settling  windows  of  2/is  ("  +  " 
input)  and  fys  ("-"  input)  which  occur  at  the  maximum 
clock  rates  (ACLK  =  4MHz  and  SCLK=2MHz).  Figures  11 
and  12  show  examples  of  adequate  and  poor  op  amp 
settling. 

RC  Input  Filtering 


It  is  possible  to  filter  the  inputs  with  an  RC  network  as 
shown  in  Figure  13.  For  large  values  of  Cf  (e.g.,  fyF),  the 
capacitive  input  switching  currents  are  averaged  into  a 
net  DC  current.  Therefore,  a  filter  should  be  chosen  with  a 
small  resistor  and  large  capacitor  to  prevent  DC  drops 
across  the  resistor.  The  magnitude  of  the  DC  current  is  ap- 
proximately Idc  =  100pF  x  V|N/tcYC  and  is  roughly  propor- 
tional to  V|n.  When  running  at  the  minimum  cycle  time  of 
20fis,  the  input  current  equals  25/iA  at  Vin  =  5V.  In  this 
case,  a  filter  resistor  of  5fi  will  cause  0.1  LSB  of  full-scale 
error.  If  a  larger  filter  resistor  must  be  used,  errors  can  be 
eliminated  by  increasing  the  cycle  time  as  shown  in  the 
typical  curve  of  Maximum  Filter  Resistor  vs  Cycle  Time. 


HORIZONTAL:  500ns/DIV 


Figure  1 1 .  Adequate  Settling  of  Op  Amps  Driving  Analog  Input 


HORIZONTAL:  20^/DIV 

Figure  1 2.  Poor  Op  Amp  Settling  Can  Cause  A/D  Errors 
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Figure  13.  RC  Input  Filtering 
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SAMPLE    SETTLE  DURING  THIS  TIME  H0U> 


MUX  ADDRESS 
SHIFTED  IN 


SCLK 


-'SMPL- 
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Figure  10.  "  + "  and "  - "  Input  Settling  Windows 
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Input  Leakage  Current 

Input  leakage  currents  can  also  create  errors  if  the  source 
resistance  gets  too  large.  For  instance,  the  maximum  in- 
put leakage  specification  of  VA  (at  125°C)  flowing 
through  a  source  resistance  of  1k0  will  cause  a  voltage 
drop  of  1mV  or  0.8LSB.  This  error  will  be  much  reduced 
at  lower  temperatures  because  leakage  drops  rapidly 
(see  typical  curve  of  Input  Channel  Leakage  Current  vs 
Temperature). 

Noise  Coupling  into  Inputs 

High  source  resistance  input  signals  (>500Q)  are  more 
sensitive  to  coupling  from  external  sources.  It  is  prefer- 
able to  use  channels  near  the  center  of  the  package  (i.e., 
CH2-CH7)  for  signals  which  have  the  highest  output  re- 
sistance because  they  are  essentially  shielded  by  the  pins 
on  the  package  ends  (DGND  and  CHO).  Grounding  any  un- 
used inputs  (especially  the  end  pin,  CHO)  will  also  reduce 
outside  coupling  into  high  source  resistances. 

4.  Sample  and  Hold 

Single  Ended  Inputs 

The  LTC1290  provides  a  built-in  sample  and  hold  (S&H) 
function  for  all  signals  acquired  in  the  single  ended  mode 
(COM  pin  grounded).  This  sample  and  hold  allows  the 
LTC1290  to  convert  rapidly  varying  signals  (see  typical 
curve  of  S&H  Acquisition  Time  vs  Source  Resistance).  The 
input  voltage  is  sampled  during  the  tsMPL  time  as  shown  in 
Figure  10.  The  sampling  interval  begins  after  the  fourth 
MUX  address  bit  is  shifted  in  and  continues  during  the 
remainder  of  the  data  transfer.  On  the  falling  edge  of  the 
final  SCLK,  the  S&H  goes  into  hold  mode  and  the  conver- 
sion begins.  The  voltage  will  be  held  on  either  the  8th,  12th 
or  16th  falling  edge  of  the  SCLK  depending  on  the  word 
length  selected. 

Differential  Inputs 

With  differential  inputs  or  when  the  COM  pin  is  not  tied  to 
ground,  the  A/D  no  longer  converts  just  a  single  voltage 
but  rather  the  difference  between  two  voltages.  In  these 
cases,  the  voltage  on  the  selected "  + "  input  is  still  sam- 


pled  and  held  and  therefore  may  be  rapidly  time  varying 
just  as  in  single  ended  mode.  However,  the  voltage  on  the 
selected  "-"  input  must  remain  constant  and  be  free  of 
noise  and  ripple  throughout  the  conversion  time.  Other- 
wise, the  differencing  operation  may  not  be  performed 
accurately.  The  conversion  time  is  52  ACLK  cycles.  There- 
fore, a  change  in  the "  - "  input  voltage  during  this  interval 
can  cause  conversion  errors.  For  a  sinusoidal  voltage  on 
the"-"  input  this  error  would  be: 

VERROR  (MAX)  =  VPEAK  X  2  X  7T  X  f("  -  ")  X  52/f ACLK 

Where  f("-")  is  the  frequency  of  the  "-"  input  voltage, 
Vpeak  is  its  peak  amplitude  and  fACLK  is  the  frequency  of 
the  ACLK.  In  most  cases  Verror  will  not  be  significant. 
For  a  60Hz  signal  on  the "  - "  input  to  generate  a  1/4LSB 
error  (300>V)  with  the  converter  running  at  ACLK  =  4MHz, 
its  peak  value  would  have  to  be  61mV. 

5.  Reference  Inputs 

The  voltage  between  the  reference  inputs  of  the  LTC1290 
defines  the  voltage  span  of  the  A/D  converter.  The  refer- 
ence inputs  will  have  transient  capacitive  switching  cur- 
rents due  to  the  switched  capacitor  conversion  technique 
(see  Figure  14).  During  each  bit  test  of  the  conversion 
(every  4  ACLK  cycles),  a  capacitive  current  spike  will  be 
generated  on  the  reference  pins  by  the  A/D.  These  current 
spikes  settle  quickly  and  do  not  cause  a  problem. 
However,  if  slow  settling  circuitry  is  used  to  drive  the  refer- 
ence inputs,  care  must  be  taken  to  insure  that  transients 
caused  by  these  current  spikes  settle  completely  during 
each  bit  test  of  the  conversion. 


REF  + 

-ED- 


—  Vref  ref- 

I  rm 


EVERY  4  ACLK  CYCLES 

J  "on 


8pF-40pF 


Figure  14.  Reference  Input  Equivalent  Circuit 
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When  driving  the  reference  inputs,  two  things  should  be 
kept  in  mind: 

1.  Transients  on  the  reference  inputs  caused  by  the 
capacitive  switching  currents  must  settle  completely 
during  each  bit  test  (each  4  ACLK  cycles).  Figures  15 
and  16  show  examples  of  both  adequate  and  poor  set- 
tling. Using  a  slower  ACLK  will  allow  more  time  for  the 
reference  to  settle.  However,  even  at  the  maximum 
ACLK  rate  of  4MHz  most  references  and  op  amps  can 
be  made  to  settle  within  the  Vs  bit  time.  For  example 
the  LT1027  will  settle  adequately  or  with  a  10>F  bypass 
capacitor  at  REF+  the  LT1021  can  also  be  used. 

2.  It  is  recommended  that  the  REF-  input  be  tied  directly 
to  the  analog  ground  plane.  If  REF"  is  biased  at  a  volt- 
age other  than  ground,  the  voltage  must  not  change 
during  a  conversion  cycle.  This  voltage  must  also  be 
free  of  noise  and  ripple  with  respect  to  analog  ground. 


i 

i 

I 

\ 

HORIZONTAL:  WDIV 


Figure  15.  Adequate  Reference  Settling 


HORIZONTAL:  1^/DIV 


Figure  16.  Poor  Reference  Settling  Can  Cause  A/D  Errors 


6.  Reduced  Reference  Operation 

The  effective  resolution  of  the  LTC1290  can  be  increased 
by  reducing  the  input  span  of  the  converter.  The  LTC1290 
exhibits  good  linearity  and  gain  over  a  wide  range  of  refer- 
ence voltages  (see  typical  curves  of  Linearity  and  Gain 
Error  vs  Reference  Voltage).  However,  care  must  be  taken 
when  operating  at  low  values  of  Vref  because  of  the  re- 
duced LSB  step  size  and  the  resulting  higher  accuracy  re- 
quirement placed  on  the  converter.  The  following  factors 
must  be  considered  when  operating  at  low  Vref  values. 

1.  Offset 

2.  Noise 

Offset  with  Reduced  Vref 

The  offset  of  the  LTC1290  has  a  larger  effect  on  the  output 
code  when  the  A/D  is  operated  with  reduced  reference 
voltage.  The  offset  (which  is  typically  a  fixed  voltage)  be- 
comes a  larger  fraction  of  an  LSB  as  the  size  of  the  LSB  is 
reduced.  The  typical  curve  of  Unadjusted  Offset  Error  vs 
Reference  Voltage  shows  how  offset  in  LSBs  is  related  to 
reference  voltage  for  a  typical  value  of  Vos-  For  example,  a 
Vos  of  0.1  mV  which  is  0.1  LSB  with  a  5V  reference  be- 
comes 0.4LSB  with  a  1.25V  reference.  If  this  offset  is  unac- 
ceptable, it  can  be  corrected  digitally  by  the  receiving 
system  or  by  offsetting  the "  - "  input  to  the  LTC1290. 

Noise  with  Reduced  Vref 

The  total  input  referred  noise  of  the  LTC1290  can  be  re- 
duced to  approximately  200jtV  peak-to-peak  using  a 
ground  plane,  good  bypassing,  good  layout  techniques 
and  minimizing  noise  on  the  reference  inputs.  This  noise 
is  insignificant  with  a  5V  reference  but  will  become  a 
larger  fraction  of  an  LSB  as  the  size  of  the  LSB  is  reduced. 
The  typical  curve  of  Noise  Error  vs  Reference  Voltage 
shows  the  LSB  contribution  of  this  200/iV  of  noise. 

For  operation  with  a  5V  reference,  the  200/iV  noise  is  only 
0.16LSB  peak-to-peak.  In  this  case,  the  LTC1290  noise  will 
contribute  virtually  no  uncertainty  to  the  output  code. 
However,  for  reduced  references,  the  noise  may  become  a 
significant  fraction  of  an  LSB  and  cause  undesirable  jitter 
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in  the  output  code.  For  example,  with  a  1.25V  reference, 
this  same  200/tV  noise  is  0.64LSB  peak-to-peak.  This  will 
reduce  the  range  of  input  voltages  over  which  a  stable  out- 
put code  can  be  achieved  by  0.64LSB.  In  this  case  averag- 
ing readings  may  be  necessary. 

This  noise  data  was  taken  in  a  very  clean  setup.  Any  setup 
induced  noise  (noise  or  ripple  on  Vcc,  Vref,  Vin  or  V-)  will 
add  to  the  internal  noise.  The  lower  the  reference  voltage 
to  be  used,  the  more  critical  it  becomes  to  have  a  clean, 


7.  LTC1290  AC  Characteristics 

Two  commonly  used  figures  of  merit  for  specifying  the 
dynamic  performance  of  the  A/D's  in  digital  signal 
processing  applications  are  the  Signal-to-Noise  Ratio 
(SNR)  and  the  "effective  number  of  bits  (ENOB)."  SNR  is 
defined  as  the  ratio  of  the  RMS  magnitude  of  the  funda- 
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Figure  17A.  LTC1290  FFT  Plot 
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mental  to  the  RMS  magnitude  of  all  the  nonfundamental 
signals  up  to  the  Nyquist  frequency  (half  the  sampling  fre- 
quency). The  theoretical  maximum  SNR  for  a  sine  wave 
input  is  given  by 

SNR  =  (6.02N  +  1.76dB) 

where  N  is  the  number  of  bits.  Thus  the  SNR  is  a  function 
of  the  resolution  of  the  A/D.  For  an  ideal  12-bit  A/D  the  SNR 
is  equal  to  74dB.  A  Fast  Fourier  Transform  (FFT)  plot  of  the 
output  spectrum  of  the  LTC1290  is  shown  in  Figures  17A 
and  17B.  The  input  (Fin)  frequencies  are  1kHz  and  25kHz 
with  the  sampling  frequency  (Fs)  at  50.6kHz.  The  SNR 
obtained  from  the  plot  are  73.25dB  and  72.54dB. 

Rewriting  the  SNR  expression  it  is  possible  to  obtain  the 
equivalent  resolution  based  on  the  SNR  measurement. 

N  =  (SNR-1.76dB)/6.02 
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Figure  17B.  LTC1290  FFT  Plot 
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Figure  18.  LTC1290  ENOB  vs  Input  Frequency 
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This  is  the  so-called  effective  number  of  bits  (ENOB).  For 
the  example  shown  in  Figures  17A  and  17B,  N  =  11.9  bits 
and  1 1 .8  bits,  respectively.  Figure  18  shows  a  plot  of  ENOB 
as  a  function  of  input  frequency.  The  curve  shows  the 
A/D's  ENOB  remain  in  the  range  of  11.9  to  11.8  for  input 
frequencies  up  to  Fs/2. 

Figure  19  shows  an  FFT  plot  of  the  output  spectrum  for 
two  tones  applied  to  the  input  of  the  A/D.  Non-linearities  in 
the  A/D  will  cause  distortion  products  at  the  sum  and  dif- 
ference frequencies  of  the  fundamentals  and  products  of 
the  fundamentals.  This  is  classically  referred  to  as  inter- 
modulation  distortion  (IMD). 

8.  Overvoltage  Protection 

Applying  signals  to  the  analog  MUX  that  exceed  the 
positive  or  negative  supply  of  the  device  will  degrade  the 
accuracy  of  the  A/D  and  possibly  damage  the  device.  For 
example  this  condition  would  occur  if  a  signal  is  applied  to 
the  analog  MUX  before  power  is  applied  to  the  LTC1290. 
Another  example,  is  the  input  source  is  operating  from 
different  supplies  of  larger  value  than  the  LTC1 290.  These 
conditions  should  be  prevented  either  with  proper  supply 
sequencing  or  by  use  of  external  circuitry  to  clamp  or 
current  limit  the  input  source.  As  shown  in  Figure  20,  a 
1k£2  resistor  is  enough  to  stand  off  ±15V  (15mA  for  one 
only  channel).  If  more  than  one  channel  exceeds  the 
supplies  than  the  following  guidelines  can  be  used.  Limit 
the  current  to  7mA  per  channel  and  28mAfor  all  channels. 
This  means  four  channels  can  handle  7mA  of  input  current 
each.  Reducing  the  ACLK  and  SCLK  frequencies  from  the 
maximum  of  4MHz  and  2MHz,  respectively  (See  Typical 
Performance  Characteristics  Curves  Maximum  ACLK 
Frequency  vs  Source  Resistance  and  Sample  and  Hold 
Acquisition  Time  vs  Source  Resistance.)  allows  the  use  of 
larger  current  limiting  resistors.  Use  1 N41 48  diode  clamps 
from  the  MUX  inputs  to  VCc  and  V"  if  the  value  of  the 
series  resistor  will  not  allow  the  maximum  clock  speeds 
to  be  used  or  if  an  unknown  source  is  used  to  drive  the 
LTC1290  MUX  inputs. 

How  the  various  power  supplies  to  the  LTC1290  are 
applied  can  also  lead  to  overvoltage  conditions.  For  single 
supply  operation  (i.e.  unipolar  mode),  if  VCc  and  REF+  are 


not  tied  together,  then  Vcc  should  be  turned  on  first,  then 
REF+.  If  this  sequence  cannot  be  met  connecting  a  diode 
from  REF+  to  Vcc  is  recommended  (see  Figure  21). 

For  dual  supplies  (bipolar  mode)  placing  two  Schottky 
diodes  from  VCc  and  V- to  ground  (Figure  23)  will  prevent 
power  supply  reversal  from  occuring  when  an  input  source 
is  applied  to  the  analog  MUX  before  power  is  applied  to  the 
device.  Power  supply  reversal  occurs,  for  example,  if  the 
input  is  pulled  below  V~  then  VCc  will  pull  a  diode  drop 
below  ground  which  could  cause  the  device  not  to  power 
up  properly.  Likewise,  if  the  input  is  pulled  above  Vcc tnen 
V"  will  be  pulled  a  diode  drop  above  ground.  If  no  inputs 
are  present  on  the  MUX,  the  Schottky  diodes  are  not 
required  if  V-  is  applied  first,  then  Vcc- 

Because  a  unique  input  protection  structure  is  used  on  the 
digital  input  pins,  the  signal  levels  on  these  pins  can 
exceed  the  device  VCc  without  damaging  the  device. 


Figure  20.  Overvoltage  Protection  for  MUX 


Figure  22.  Power  Supply  Reversal 
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A  "Quick  Look"  Circuit  for  the  LTC1290 

Users  can  get  a  quick  look  at  the  function  and  timing  of 
the  LTC1290  by  using  the  following  simple  circuit.  REF+ 
and  Dim  are  tied  to  Vcc  selecting  a  5V  input  span,  CH7  as  a 
single  ended  input,  unipolar  mode,  MSB  first  format  and 
16-bit  word  length.  ACLK  and  SCLK  are  tied  together  and 


driven  by  an  external  clock.  CS  is  driven  at  1/128  the  clock 
rate  by  the  CD4520  and  Dout  outputs  the  data.  All  other 
pins  are  tied  to  a  ground  plane.  The  output  data  from  the 
Dout  pin  can  be  viewed  on  an  oscilloscope  which  is  set  up 
to  trigger  on  the  falling  edge  of  CS. 


A  "Quick  Look"  Circuit  for  the  LTC1290 


TO  OSCILLOSCOPE 


Scope  Trace  ot  LTC1290  "Quick  Look"  Circuit 
Showing  A/D  Output  of  010101010101  (555Hex) 
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SNEAK-A-BIT™ 

The  LTC1290's  unique  ability  to  software  select  the  polar- 
ity of  the  differential  inputs  and  the  output  word  length  is 
used  to  achieve  one  more  bit  of  resolution.  Using  the  cir- 
cuit below  with  two  conversions  and  some  software,  a  2's 
complement  12-bit  +  sign  word  is  returned  to  memory  in- 
side the  MPU.  The  MC68HC05C4  was  chosen  as  an  exam- 
ple; however,  any  processor  could  be  used. 


Two  12-bit  unipolar  conversions  are  performed:  the  first 
over  a  OV  to  5V  span  and  the  second  over  a  OV  to  -5V 
span  (by  reversing  the  polarity  of  the  inputs).  The  sign  of 
the  input  is  determined  by  which  of  the  two  spans  con- 
tained it.  Then  the  resulting  number  (ranging  from  -4095 
to  +4095  decimal)  is  converted  to  2's  complement  nota- 
tion and  stored  in  RAM. 


SNEAK-A-BIT  Circuit 
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OR  SNEAK-A-BIT 
INPUTS 
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SNEAK-A-BIT  is  a  trademark  of  Linear  Technology  Corp. 
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SNEAK-A-BIT  Code 

Dout  from  LTC1290  in  MC68HC05C4  RAM 
Sign 


Sneak-A-Bit  Code  for  the  LTC1290  Using  the  MC68HC05C4 


Location  $77 


B12  B11  B10  B9  B8  B7  B6  B5 


LSB 


Location  $87      B4  B3  B2  B1  BO  filled  with  Os 


Din  words  for  LTC1 290 

MUXAddr. 


MSBF 


(ODD/SIGN) 


UNI 


Word 
Length 


Din  1 


Din  3 


0    0  111111 


0  1111111 


0    0  111111 


Sneak-A-Bit  Code  for  the  LTC1290  Using  the  MC68HC05C4 
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DESCRIPTION 

LDA  #$50 
STA  $0A 
LDA  #$FF 
STA  $06 
BSET  0,  $02 
JSR  READ-/+ 

JSR    READ  +  /- 
JSR  READ-/+ 
JSR  CHKSIGN 

Configuration  data  forSPCR 

Load  configuration  data  into  $0A 

Configuration  data  for  port  C  DDR 

Load  configuration  data  into  port  C  DDR 

Make  sure  C5  is  high 

Dummy  read  configures  LTC1290  for  next 

read 

Read  CH6  with  respect  to  CH7 
Read  CH7  with  .espect  to  CH6 
Determines  which  reading  has  valid  data, 
converts  to  2's  complement  and  stores  in 
RAM 

MNEMONIC 

DESCRIPTION 

READ  -/+ 

LDA 

#$3F 

Load  Din  word  for  LTC1290  into  ACC 
Read  LTC1 290  routine 

JSR 

TRANSFER 

LDA 

$60 

Load  MSBs  from  LTC1290  into  ACC 

STA 

$71 

^tnrpMSRt;in$71 

OLUICIVIOU0IJI14H  1 

LDA 

$61 

Load  LSBs  from  LTC1290  into  ACC 

LUOU  LO DO  I  1  UI  II  L  1  \J  1  tJU  II 1  IU  nw 

STA 

$72 

Stnrp  1  SR<i  in  $7? 

RTS 

R6turn 

READ  +/- 

LDA 

#$7F 

t  naH  Dm  wnrri  f  nr  1 TC1  ?Q0  intn  AP,P, 

LUdU  L-'N  "UI  U  1 UJ  LI  vl  CZtV  IIIIU  r\L/v 

JSR 

TRANSFER 

RpaH  I TH1 PQO  rnutinp 

LDA 

$60 

I  naH  MQRs  frnm  ITP19QM  intn  APP 

LUdU  IVIODb  IIU1M  LI  \s  l£?U  IIIIU  ML/O 

STA 

$73 

9tnrP  M^R<5  in  t71 
OlUlc  IVIODb  III  $10 

LDA 

$61 

1  naH  1  ^R*;  frnm  ITP19QD  intn  APP 

LUdU  LODb  IIUIM  LI  \j  \CU\i  IIUU  HVv 

STA 

$74 

OlUlc  LODo  III  •91 *t 

RTS 

Retu  rn 

TRANSFER:  BCLR  0,$02 

PQ  nnp<N  Inw 

Uu  UUCO  IUVV 

STA 

$0C 

1  naH  n,.,  intn  ^Pl  ^tart  tran^fpr 
LUau  L<|fj_  iiiiu  on.  oiai  I  u  au  ioici 

LOOP1: 

TST 

$0B 

Tact  ctatuc  nf  QPIF 
leal  bldlUb  Ol  orlr 

BPL 

LOOP1 

LUUU  IU  prcVIUUa  IllbllUUllUll  II  NUl  UUile 

LDA 

$0C 

1  niH  pnrtonto  nf  CDI  fiairt  ran  in+n  APP 

LUdU  uunienib  ui  on  udid  reg  into  mol» 

STA 

$0C 

Qtaft  novf  f*\tf\\a 
Oldfl  NeXl  OyLIc 

STA 

$60 

Olulc  IVIODb  III  SOU 

LOOP  2: 

TST 

$0B 

Thct  ctati  ic  nf  C.D]  F 
leal  bldlUb  UI  Orlr 

BPL 

LOOP  2 

1  nnn  +n  n row im  io  inciru/^tinn  if  nnt  Hnno 

LUUp  IU  UlcVIUUb  iiibiruuuun  II  noi  UUne 

BSET 

0,$02 

PC  nnae  hinh 

oo  yucb  iiiyn 

LDA 

$0C 

1  naH  r-nntentc  nf  QPI  Hata  ren  intn  APP 

LUdU  UUIllCillb  UI  Orl  Udld  Icy  IIIIU  r\\j\j 

STA 

$61 

^tnrp  1  ^Rc  in 
Olulc  LODb  III  $0  I 

RTS 

Return 

CHKSIGN: 

LDA 

$73 

I  naH  MQRc  nf  j_  /      roar)  intn  APP 
LUdU  IVIODb  Ol  +/—  IcdU  IlllO 

ORA 

$74 

Pir  APP  /MQRe\  itfith  I  QRo  nf  _l  1  marl 
Ul  RKjKj  (IVIoDb)  Willi  LODb  UI  +  /  —  IcdU 

BEQ 

MINUS 

If  roe i ilt  ic  fi  nntn  nninitc 

1 1  leauu  io  u  yuiu  1 1 1 1 1 1  Ub 

CLC 

Ploar  earn/ 

oicai  udiiy 

ROR 

$73 

Rnfato  rinht  47*5  fhrminh  ram/ 

nuLdie  nyiH  $/o  uiiuuyn  udiiy 

ROR 

$74 

Rntaio  rinht  47/1  thmunh  rami 

nuidic  [iym*/tt  uiiuuyii  Ldiiy 

LDA 

$73 

1  naH  MQRc  nf  i./-  rpaH  intn  APP 
LUdU  IVIODb  UI  tl      IcdU  IIIIU  MOO 

STA 

$77 

Qfnro  UQRc  in  RAM  Inratinn  177 
OlUlc  IVIODb  111  nrtfVI  lUUdUUN  *i  1 

LDA 

$74 

Load  LSBs  of  +  /  -  read  into  ACC 

STA 

$87 

Store  LSBs  in  RAM  location  $87 

BRA 

END 

Goto  end  of  routine 

MINUS: 

CLC 

Clear  carry 

ROR 

$71 

Shift  MSBs  of  -/+  read  right 

ROR 

$72 

Shift  LSBs  of  -  /+  read  right 

COM 

$71 

1's  complement  of  MSBs 

COM 

$72 

1's  complement  of  LSBs 

LDA 

$72 

Load  LSBs  into  ACC 

ADD 

#$01 

Add  1  to  LSBs 

STA 

$72 

Store  ACC  in  $72 

CLRA 

Clear  ACC 

ADC 

$71 

Add  with  carry  to  MSBs.  Result  in  ACC 

STA 

$71 

Store  ACC  in  $71 

STA 

$77 

Store  MSBs  in  RAM  location  $77 

LDA 

$72 

Load  LSBs  in  ACC 

STA 

$87 

Store  LSBs  in  RAM  location  $87 

END: 

RTS 

Return 

 LTC1290 

TYPICAL  flPPUCRTIOflS 

Power  Shutdown 


For  battery  powered  applications  it  is  desirable  to  keep 
power  dissipation  at  a  minimum.  The  LTC1290  can  be  pow- 
ered down  when  not  in  use  reducing  the  supply  current 
from  a  nominal  value  of  5mA  to  typically  5/iA  (with  ACLK 
turned  off).  See  the  curve  for  Supply  Current  (Power  Shut- 
down) vs  ACLK  if  ACLK  cannot  be  turned  off  when  the 
LTC1290  is  powered  down.  In  this  case  the  supply  current 
is  proportional  to  the  ACLK  frequency  and  is  independent 
of  temperature  until  it  reaches  the  magnitude  of  the  sup- 
ply current  attained  with  ACLK  turned  off. 

As  an  example  of  how  to  use  this  feature  let's  add  this  to 
the  previous  application,  SNEAK-A-BIT.  After  the  CHK 
SIGN  subroutine  call  insert  the  following: 

• 

• 

JSR  CHK  SIGN       Determines  which  reading  has  valid 
data,  converts  to  2's  complement 
and  stores  in  RAM 

JSR  SHUTDOWN     LTC1290  power  shutdown  routine 

The  actual  subroutine  is: 

SHUTDOWN:  LDA  #$3D       Load  D|N  word  for 

LTC1290intoACC 
JSR  TRANSFER  Read  LTC1 290  routine 
RTS  Return 


To  place  the  device  in  power  shutdown  the  word  length 
bits  are  set  to  WL1  =  0  and  WL0  =  1.  The  LTC1290  is  pow- 
ered up  on  the  next  request  for  a  conversion  and  it's  ready 
to  digitize  an  input  signal  immediately. 

Power  Shutdown  Timing  Considerations 

After  power  shutdown  has  been  requested,  the  LTC1290 
is  powered  up  on  the  next  request  for  a  conversion.  This 
request  can  be  initiated  either  by  bring  CS  low  or  by 
starting  the  next  cycle  of  SCLKs  if  CS  is  kept  low  (see 
Figures  3  and  4).  When  the  SCLK  frequency  is  much 
slower  than  the  ACLK  frequency  a  situation  can  arise 
where  the  LTC1290  could  power  down  and  then  prema- 
turely power  back  up.  Power  shutdown  begins  at  the 
negative  going  edge  of  the  10th  SCLK  once  it  has  been 
requested.  A  dummy  conversion  is  executed  and  the 
LTC1 290  waits  for  the  next  request  for  conversion.  If  the 
SCLKs  have  not  finished  once  the  LTC1290  has  finished 
its  dummy  conversion  it  will  recognize  the  next  remaining 
SCLKs  as  a  request  to  start  a  conversion  and  power  up  the 
LTC1290  (see  Figure  23).  To  prevent  this  bring  either  CS 
high  at  the  10th  SCLK  (Figure  24)  or  clock  out  only  10 
SCLKs  (Figure  25)  when  power  shutdown  is  requested. 


CS 


SCLK  


AriiiJijTrijT^ 

POWER  SHUTDOWN  STARTS"^"^  /  \ 


CS 


SCLK 


DUMMY  CONVERSION  FINISHES  AFTER  52  ACLK  PERIODS 

Figure  23.  Power  Shutdown  Timing  Problem 


POWER  UP 


nrLJinnjTrui^ 

POWER  SHUTDOWN  STARTS  """^  / 
DUMMY  CONVERSION  FINISHES  AFTER  52  ACLK  PERIODS 

Figure  24.  Power  Shutdown  Timing 


JiJiJijTriJiJiJiJin 


POWER  SHUTDOWN  STARTS-"  / 
DUMMY  CONVERSION  FINISHES  AFTER  52  ACLK  PERIODS 

Figure  25.  Power  Shutdown  Timing 


POWER  UP 


LTCfSM  ■  TUB 


v  POWER  UP 


LTCI290  ■  1*06 


TECHNOLOGY 


 LTC1292 

Single  Chip  12-Bit 
Data  Acquisition  System 


F€RTUR€S 

■  Built-in  Sample  and  Hold 

■  Single  Supply  5V  Operation 

■  Direct  3-Wire  Interface  to  Most  MPU  Serial  Ports  and 
All  MPU  Parallel  Ports 

■  60kHz  Maximum  Throughput  Rate 

■  Analog  Inputs  Common  Mode  to  Supply  Rails 


K€V  spcciFicnnons 

■  Resolution  12  Bits 

■  Fast  Conversion  Time  12/os  Max  Over  Temp 

■  Low  Supply  Current  6.0mA 


DCSCRIPTIOfl 

The  LTC1292  is  a  12-bit  data  acquisition  system  that 
contains  a  1 2-bit,  switched  capacitor  successive  approxi- 
mation A/D,  a  differential  input,  sample  and  hold  on  the  (+) 
input,  and  serial  I/O.  All  these  features  are  packaged  in  an 
8-pin  DIP.  The  LTC1 292  is  capable  of  digitizing  signals  at 
a  60kHz  rate  and  with  the  device's  excellent  AC  character- 
istics, it  can  be  used  for  DSP  applications.  The  serial  I/O  is 
designed  to  communicate  without  external  hardware  to 
most  MPU  serial  ports  and  all  MPU  parallel  I/O  ports 
allowing  data  to  be  transmitted  overthree  wires.  Given  the 
accuracy,  ease  of  use  and  small  package  size  these  de- 
vices are  well  suited  for  digitizing  analog  signals  in  remote 
applications  where  minimum  number  of  interconnects 
and  power  consumption  are  important. 


TVPicnL  nppucOTion 


12-Bit  Differential  Input  Data  Acquisition  System 


22[iF 
TANTALUM 


DIFFERENTIAL  INPUTS 
COMMON  MODE  RANGE 
0VTO5V* 


•FOR  OVERVOLTAGE  PROTECTION  LIMIT  THE  INPUT  CURRENT  TO  15mA 
PER  PIN  OR  CLAMP  THE  INPUTS  TO  Vcc  AND  GND  WITH  1N4148  DIODES. 
CONVERSION  RESULTS  ARE  NOT  VALID  WHEN  THE  SELECTED  CHANNEL  OR 
THE  OTHER  CHANNEL  IS  OVERVOLTAGED  (V,N  <  GND  OR  V,N  >  Vcc).  SEE 
SECTION  ON  OVERVOLTAGE  PROTECTION  IN  THE  APPLICATIONS  INFORMATION. 
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LTC1292 


flBsoiuT€  mnximum  rrtirgs 


Supply  Voltage  (Vcc)  to  GND  or  V"  12V 

Voltage 

Analog  and  Reference 
Inputs  -0.3V  to  Vcc  +  0.3V 

Digital  Inputs  -0.3V  to  12V 

Digital  Outputs  -0.3V  to  Vcc  +  0.3V 

Power  Dissipation  500mW 

Operating  Temperature  Range 

LTC1292BC,  LTC1292CC, 

LTC1292DC  0°Cto  70°C 

LTC1292BI,  LTC1292CI, 

LTC1292DI  -40°C  to  85°C 

LTC1292BM,  LTC1292CM, 

LTC1292DM   -55°Cto125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


PRCKRG€/ORD€R  inFORmflTion 


TOP  VIEW 


cs  [T 

-IN  [T 
GND  [T 


I]  vcc 

7]  CLK 
I]  D0UT 

H  vREF 


J8  PACKAGE 
8-LEAD  CERAMIC  DIP 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 

LTC1292BMJ8 

LTC1 292CMJ8 

LTC1292DMJ8 

LTC1292BIJ8 

LTC1292CIJ8 

LTC1292DIJ8 

LTC1292BIN8 

LTC1292CIN8 

LTC1292DIN8 

LTC1292BCJ8 

LTC1292CCJ8 

LTC1292DCJ8 

LTC1292BCN8 

LTC1292CCN8 

LTC1292DCN8 


COflV€RT€R  ROD  mULTIPL€X€R  CHRRRCT6RISTKS  (Notes) 


PARAMETER 

CONDITIONS 

LTC1292B 
MIN    TYP  MAX 

LTC1292C 
MIN    TYP  MAX 

LTC1292D 
MIN    TYP  MAX 

UNITS 

Offset  Error 

(Note  4) 

+3.0 

±3.0 

±3.0 

LSB 

Linearity  Error  (INL) 

(Note  4  &  5) 

±0.5 

±0.5 

±0.75 

LSB 

Gain  Error 

(Note  4) 

±0.5 

±1.0 

±4.0 

LSB 

Minimum  Resolution  for  which  No 
Missing  Codes  are  Guaranteed 

12 

12 

12 

Bits 

Analog  and  REF  Input  Range 

(Note  7) 

(\T)-0.05V  to  Vcc  +  0.05V 

V 

On  Channel  Leakage  Current 
(Note  8) 

On  Channel  =  5V 
Off  Channel  =  0V 

±1 

±1 

±1 

MA 

On  Channel  =  0V 
Off  Channel  =  5V 

±1 

±1 

±1 

ma 

Off  Channel  Lekage  Current 
(Note  8) 

On  Channel  =  5V 
Off  Channel  =  0V 

±1 

±1 

±1 

uA 

On  Channel  =  0V 
Off  Channel  =  5V 

±1 

±1 

±1 

RC  CHARACTERISTICS  (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 292B/LTC1 292C/LTC1 292D 
MIN      TYP  MAX 

UNITS 

fCLK 

Clock  Frequency 

Vcc  =  5V  (Note  6) 

0.1  1.0 

MHz 

tSMPL 

Analog  Input  Sample  Time 

See  Operating  Sequence 

1.5 

CLK 
Cycles 

tCONV 

Conversion  Time 

See  Operating  Sequence 

12 

CLK 

Cycles 

LTC1292 


RC  CHRRRCTCRISTICS  (Notes) 

PARAMETER 

CONDITIONS 

LTC1292B/LTC1292C/LTC1292D 
MIN      TYP  MAX 

UNITS 

tCYC 

Total  Cycle  Time 

See  Operating  Sequence  (Note  6) 

14CLK 
2.5jiS 

Cycles 

tdDO 

Delay  Time,  CLK1  to  Dout  Data  Valid 

See  Test  Circuits 

• 

160 

300 

ns 

trlk 
ItJIS 

Delay  Time,  CST  to  Dout  Hi-Z 

See  Test  Circuits 

• 

80  150 

ns 

ten 

Delay  Time,  CLKi  to  Dout  Enabled 

See  Test  Circuits 

• 

80 

200 

ns 

thDO 

Time  Output  Data  Remains  Valid  after  CLKI 

130 

ns 

t( 

Dout  Fall  Time 

See  Test  Circuits 

• 

65 

130 

ns 

tr 

Dout  Rise  Time 

See  Test  Circuits 

• 

25 

50 

ns 

tWHCLK 

CLK  High  Time 

Vcc  =  5V  (Note  6) 

300 

ns 

tWLCLK 

CLK  Low  Time 

Vcc  =  5V  (Note  6) 

400 

ns 

tsuCS 

Set-up  Time,  CSl  before  CLKT 

Vcc  =  5V  (Note  6) 

50 

ns 

tWHCS 

CS  High  Time  between  Data  Transfer  Cycles 

Vcc  =  5V  (Note  6) 

2.5 

us 

tWLCS 

CS  Low  Time  During  Data  Transfer 

Vcc  =  5V  (Note  6) 

14 

CLK 
Cycles 

ClN 

Input  Capacitance 

Analog  Inputs  On  Channel 
Analog  Inputs  Off  Channel 
Digital  Inputs 

100 

5 
5 

PF 
PF 
pF 

DIGITAL  RflD  DC  €l€CTRICfll  CHRRRCT€RISTICS  (Notes) 

LTC1292B/LTC1292C/LTC1292D 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H 

High  Level  Input  Voltage 

Vcc  =  5.25V 

• 

2.0 

V 

VlL 

Low  Level  Input  Voltage 

Vcc  =  4.75V 

• 

0.8 

V 

llH 

High  Level  Input  Current 

VlN  =  VCC 

• 

2.5 

f)A 

In 

Low  Level  Input  Current 

Vin  =  ov 

• 

-2.5 

MA 

VOH 

High  Level  Output  Voltage 

Vcc  =  4.75V,  lo  =  -1  OjjA 
lo  =  360nA 

• 

2.4 

4.7 
4.0 

V 
V 

Vol 

Low  Level  Output  Voltage 

Vcc  =  4.75V,  lo  =  16mA 

• 

0.4 

V 

ioz 

High  Z  Output  Leakage 

Vout =  Vcc,  CS  High 
Vout  =  0V,  CS  High 

• 
• 

3 

-3 

ma 

mA 

ISOURCE 

Output  Source  Current 

Vout  =  OV 

-20 

mA 

ISINK 

Output  Sink  Current 

Vout  =  Vcc 

20 

mA 

ice 

Positive  Supply  Current 

CS  High 

• 

6.0 

12 

mA 

Iref 

Reference  Current 

CS  High 

• 

10 

50 

mA 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the  life 
of  a  device  may  be  impaired. 

Note  2:  All  voltage  values  are  with  respect  to  ground  (unless  otherwise 
noted). 

Note  3:  Vcc  =  5V,  Vref+  =  5V,  CLK  =  1.0MHz  unless  otherwise 
specified.The  •  denotes  specifications  which  apply  over  the  operating 
temperature  range;  all  other  limits  and  typicals  Ta  =  25°C. 
Note  4:  One  LSB  is  equal  to  Vref  divided  by  4096.  For  example,  when 
Vref  =  5V,  1  LSB  =  5V/4096  =  1.22mV. 

Note  5:  Linearity  error  is  specified  between  the  actual  and  points  of  the 
A/D  transfer  curve.  The  deviation  is  measured  from  the  center  of  the 


Note  7:  Two  on-chip  diodes  are  tied  to  each  reference  and  analog  input 
which  will  conduct  for  reference  or  analog  input  voltages  one  diode  drop 
below  GND  or  one  diode  drop  above  Vcc.  Be  careful  during  testing  at  low 
Vcc  levels  (4.5V),  as  high  level  reference  or  analog  inputs  (5V)  can  cause 
this  input  diode  to  conduct,  especially  at  elevated  temperatures,  and 
cause  errors  for  inputs  near  full  scale.  This  spec  allows  50mV  forward 
bias  of  either  diode.  This  means  that  as  long  as  the  reference  or  analog 
input  does  not  exceed  the  supply  voltage  by  more  than  50mV,  the  output 
code  will  be  correct.  To  achieve  an  absolute  0V  to  5V  input  voltage  range 
will  therefore  require  a  minimum  supply  voltage  of  4.950V  over  initial 
tolerance,  temperature  variations  and  loading. 
Note  8:  Channel  leakage  current  is  measured  after  the  channel  selection. 


Note  6:  Recommended  operating  conditions. 
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LTC1292 


TVPICRL  P€ftFOftffinnC€  CHARACTCRISTICS 


Supply  Current  vs  Supply  Voltage 


CLK  =  « 
TA  =  25° 

«Hz 

SUPPLY  VOLTAGE  (V) 


Change  In  Linearity  vs  Reference 
Voltage 


12  3  4 

REFERENCE  VOLTAGE  (V) 


t  0.3 


£  0.2 


§ 

1 


1  1 
VCC  =  5V 
V„EF  =  5V 
CLK  =  1  MHz 

Supply  Current  vs  Temperature 


I  I  I  I  I 

CLK  =  1  MHz 
Vnr  -  5V 

7 
6 
S 
4 

3 

-50  -30  -10   10    30    50    70    90  110  130 
AMBIENT  TEMPERATURE  CC) 

LTC1292  G2 

Change  in  Gain  vs  Reference 
Voltage 


VCC  =  5 

1 

12         3  4 
REFERENCE  VOLTAGE  (V) 


Change  in  Gain  vs  Temperature 


s  0.1 

S 


VCC  =  5V 
Vref  =  5V 
CLK  =  1  MHz 

-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (°C) 


-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (°C) 

LTCI293  07  I.TC17M  SB 

AS  THE  CLK  FREQUENCY  IS  DECREASED  FROM  1  MHz,  MINIMUM  CLK  FREQUENCY  (AERROR  <  0.1  LSB)  REPRESENTS  THE 
FREQUENCY  AT  WHICH  A  0.1  LSB  SHIFT  IN  ANY  CODE  TRANSITION  FROM  ITS  1  MHz  VALUE  IS  FIRST  DETECTED. 


Unadjusted  Offset  Voltage  vs 
Reference  Voltage 


Vcc 

=  5V 

=  02 

>0mv 

V 

125n 

2  3  4  5 

REFERENCE  VOLTAGE  (V) 


Change  in  Offset  vs  Temperature 


^  0.4 

2 
< 

|  0.3 

to 

o 

S  0.2 

Q 

I  0.1 


VCC  ■  5V 
VREF  =  5V 
CLK.  1  MHz 

-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  ("C) 

LTC12W06 

Minimum  Clock  Rate  for  0.1  LSB 
Error* 


£  0.25 
s 

£  0  20 

O 

£  0.15 
o 

S  0.10 

ZD 

5 

1  0.05 


Vcc 

■ 

=  5V 

-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (°C) 
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LTC1292 


TYPICAL  P€RFORmnflC€  CHRRRCT€RISTICS 

Dqut  Delay  Time  vs  Temperature 


Maximum  Clock  Rate  vs  Source 
Resistance 


Maximum  Filter  Resistor  vs  Cycle 
Time 


-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (°C) 

LTC129ZG10 

Sample  and  Hold  Acquisition  Time 
vs  Source  Resistance 


Vref  =  5V 
VCC  =  5V 
TA=25°C 

0V  TO  5V  INPUT  STEP- 


1k  10k 

RsOURCE-  (^) 


100  1k 
CYCLE  TIME  (MS) 


Input  Channel  Leakage  Current  vs 
Temperature 


Noise  Error  vs  Reference  Voltage 


JAM 

G 

u 

ON  CHANNE 

— OF 

: CHANNEL  

> 

LTC1J92G13 


-50  -30  -10  10    30    50    70    90  110  130 
AMBIENT  TEMPERATURE  (°C) 

LTC1WZG14 


2.25 

—  2.00 
m 

CO 

—  1.75 
az 

1  150 

|  125 
o 

J  1.00 
■t 

£  0.75 
o 

£  0.50 
■=£ 

™  0.25 
0 


LTC1292  NOISE  .  200llVp.p 

12  3  4 

REFERENCE  VOLTAGE  (V) 


'  MAXIMUM  CLK  FREQUENCY  REPRESENTS  THE  CLK  FREQUENCY  AT  WHICH  A  0.1LS8  SHIFT       '"MAXIMUM  Rfilter  REPRESENTS  THE  FILTER  RESISTOR  VALUE  AT  WHICH  A  0.1LSB 
IN  THE  ERROR  AT  ANY  CODE  TRANSITION  FROM  ITS  1MHz  VALUE  IS  FIRST  DETECTED  CHANGE  IN  FULL  SCALE  ERROR  FROM  ITS  VALUE  AT  Rfilter  =  0^  IS  FIRST  DETECTED. 


pin  Funcnons 


# 

PIN 

FUNCTION 

DESCRIPTION 

1 

CS 

Chip  Select  Input 

A  logic  low  on  this  input  enables  the  LTC1292. 

2,3 

+IN.-IN 

Analog  Inputs 

These  inputs  must  be  free  of  noise  with  respect  to  GND. 

4 

GND 

Analog  Ground 

GND  should  be  tied  directly  to  an  analog  ground  plane. 

5 

Vref 

Reference  Input 

The  reference  input  defines  the  span  of  the  A/D  converter  and  must  be  kept  free  of  noise  with  respect  to  GND. 

6 

DOUT 

Digital  Data  Output 

The  A/D  conversion  result  is  shifted  out  of  this  output. 

CLK 

Shift  Clock 

This  clock  synchronizes  the  serial  data  transfer. 

8 

Vcc 

Positive  Supply 

I  

This  supply  must  be  kept  free  of  noise  and  ripple  by  bypassing  directly  to  the  analog  ground  plane. 

6-98 


xriues 


LTC1292 


T€ST  CIRCUITS 

I  Off  Channel  Leakage  Current 


/'  POLARITY 

Load  Circuit  for  tdis  and  ten 

TEST  POINT 


Dqut 

3k 

~  100pF 

5V  lais  WAVEFORM  2,  te„ 
tais  WAVEFORM  1 


Load  Circuit  for  tdDo,tr  and  tf 


1.4V 

Oqut 

ioopf 

Voltage  Waveforms  for  D0ut  Delay  Time,  tm 


CLK 


-ttfDO— - 


DOUT 


X 


2.4V 
0.4V 


Voltage  Waveforms  for  D0ut  Rise  and  Fall  Times,  tr,  tt 

DOUT 


2.4V 
0.4V 


Voltage  Waveforms  for  tdfs 


DOUT 
WAVEFORM  1 
(SEE  NOTE  1 ) 

DouT 
WAVEFORM  2 
(SEE  NOTE  2) 


NOTE  1:  WAVEFORM  1  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH 
THAT  THE  OUTPUT  IS  HIGH  UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL 
NOTE  2:  WAVEFORM  2  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH 
iTctraion  THAT  THE  OUTPUT  IS  LOW  UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL 
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RppLicnTions  inFORmnTion 

The  LTC1292  is  a  data  acquisition  component  which 
contains  the  following  functional  blocks: 
1. 12-bit  succesive  approximation  capacitive  A/D 
converter 

2.  Analog  multiplexer  (MUX) 

3.  Sample  and  hold  (S/H) 

4.  Synchronous,  half  duplex  serial  interface 

5.  Control  and  timing  logic 

DIGITAL  CONSIDERATIONS 
Serial  Interface 

The  LTC1292  communicates  with  microprocessors  and 
other  external  circuitry  via  a  synchronous,  half  duplex, 
three  wire  serial  interface  (see  Operating  Sequence).  The 
clock  (CLK)  synchronizes  the  data  transfer  with  each  bit 
being  transmitted  on  the  falling  CLK  edge.  The  LTC1292 
does  not  require  a  configuration  input  word  and  has  no  Din 
pin.  It  is  permanently  configured  to  have  a  single  differen- 
tial input  and  to  operate  in  unipolar  mode.  A  falling  CS 
initiates  data  transfer.  The  first  CLK  pulse  enables  Dout- 
After  one  null  bit,  the  A/D  conversion  result  is  output  on  the 
Dout  |ir|e  with  a  MSB  first  sequence  followed  by  a  LSB  first 
sequence.  With  the  half  duplex  serial  interface  the  Dout 
data  is  from  the  current  conversion.  This  provides  easy 
interface  to  MSB  or  LSB  first  serial  ports.  Bringing  CS  high 
resets  the  LTC1292  for  the  next  data  exchange. 


Table  1.  Microprocessor  with  Hardware  Serial  Interfaces 
Compatible  with  the  LTC1292" 


PART  NUMBER 

TYPE  OF  INTERFACE 

Motorola 

MC6805S2,  S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA 

CDP68HC05 

SPI 

Hitachi 

HD6305 

SCI  Synchronous 

HD6301 

SCI  Synchronous 

HD63701 

SC!  Synchronous 

HD6303 

SCI  Synchronous 

HD64180 

SCI  Synchronous 

National  Semiconductor 

COP400  Family 

MICROWIREt 

COP800  Family 

MCROWIRE/PLUSt 

NS8050U 

MICROWIRE/PLUS 

HPC1 6000  Family 

MICROWIRE/PLUS 

Texas  Instruments 

TMS7002 

Serial  Port 

TMS7042 

Serial  Port 

TMS70C02 

Serial  Port 

TMS70C42 

Serial  Port 

TMS32011* 

Serial  Port 

TMS32020* 

Serial  Port 

TMS370C050 

SPI 

*  Requires  external  hardware 

"Contact  factory  for  interface  information  for  processors  not  on  this  list 
t  MICROWIRE  and  MICROWIRE/PLUS  are  trademarks  of  National 
Semiconductor  Corp. 
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LTC1292  Operating  Sequence 

 <cyc  »-| 

 i  r~L 

-  CLTLJinnnJl^^ 


cs 


Microprocessor  Interfaces 

The  LTC1 292  can  interface  directly  (without  external  hard- 
ware) to  most  popular  microprocessors(MPU)  synchro- 
nous serial  formats  (see  Table  1).  If  an  MPU  without  a 
dedicated  serial  port  is  used,  then  three  of  the  MPU's 
parallel  port  lines  can  be  programmed  to  form  the  serial 
linkto  the  LTC1292.  Included  here  are  one  serial  interface 
example  and  one  example  showing  a  parallel  port  pro- 
grammed to  form  the  serial  interface. 


Motorola  SPI  (MC68HC11) 

The  MC68HC1 1  has  been  chosen  as  an  example  of  an  MPU 
with  a  dedicated  serial  port.  This  MPU  transfers  data  MSB 
first  and  in  8-bit  increments.  Adummy  Dim  word  sentto  the 
data  registerstarts the  SPI  process.  With  two  8-bittransfers, 
the  A/D  result  is  read  into  the  MPU.  The  first  8-bit  transfer 
clocks  B11  through  B8  of  the  A/D  conversion  result  into 
the  processor.  The  second  8-bit  transfer  clocks  the 
remaining  bits  B7  through  BO  into  the  MPU.  The  data  is 


CLK 


_njiTLn_njirLn  rLTiriJLrLnjiJi 


DOUT 


MPU 

RECEIVED  WORD 


1       |B11  I  BIO  |  69  |  B8  |~ 


? 

? 

? 

0 

B11 

B10 

B9 

B8 

B6 

B5 

B4 

B3 

82 

B1 

BO 

«  y 

BYTE  2 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

-  2ND  TRANSFER- 


Figure  1a.  Data  Exchange  Between  LTC1292  and  MC68HC11 


ANALOG 
INPUTS 


LTC1292 

MC68HC11 

CS 

DO 

CLK 

SCK 

Dour 

MISO 

D0UT  FROM  LTC1292  STORED  ON  MC68HC11  RAM 
MSB 


0 

0 

0 

0 

B11 

B10 

B9 

B8 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

BYTE  2 

LTC1292  Fib 


Figure  1b.  Hardware  and  Software  Interface  to  Motorola  MC68HC11  Microcontroller 
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MC68HC11  CODE 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LDAA 

#$50 

CONFIGURATION  DATA  FOR  SPCR 

STAB 

$08,  X 

DO  GOES  LOW  (CS  GOES  LOW) 

STAA 

$1028 

LOAD  DATA  INTO  SPCR  ($1028) 

NOP 

6  NOPS  FOR  TIMING 

LDAA 

#$1B 

CONFIG.  DATA  FOR  PORT  D  DDR 

STAA 

$1009 

LOAD  DATA  INTO  PORT  D  DDR 

LDAA 

$1029 

CHECK  SPI  STATUS  REG 

LDAA 

#$00 

LOAD  DUMMY  DIN  WORD  INTO 

LDAA 

$102A 

LOAD  LTC1292  MSBslNTOACCA 

ACCA 

STAA 

$61 

STORE  MSBs  IN  $61 

STAA 

$50 

LOAD  DUMMY  DIN  DATA  INTO  $50 

STAA 

S102A 

LOAD  DUMMY  DIN  INTO  SPI, 

LOOP 

LDX 

#$1000 

LOAD  INDEX  REGISTER  X  WITH 

START SCK 

LDAB 

#$00 

$1000 

NOPS 

6  NOPS  FOR  TIMING 

LOAD  ACC  B  WITH  $00 

LDAA 

$50 

LOAD  DUMMY  DIN  INTO  ACC  A 

BSET 

$08,X,$01 

DO  GOES  HIGH  (CS  GOES  HIGH) 

FROM  $50 

LDAA 

$1029 

CHECK  SPI  STATUS  REGISTER 

STAA 

$102A 

LOAD  DUMMY  DIN  INTO  SPI, 

LDAA 

$102A 

LOAD  LTC1 292  LSBs  IN  ACC 

START  SCK 

STAA 

$62 

STORE  LSBs  IN  $62 

NOP 

DELAY  CS  FALL  TIME  TO  RIGHT 

JUSTIFY  DATA 

JMP 

LOOP 

START  NEXT  CONVERSION 

right  justified  in  the  two  memory  locations.Jhis  was  made 
possible  by  delaying  the  falling  edge  of  CS  till  after  the 
second  CLK.  ANDing  the  first  byte  with  ODhex  clears  the 
four  most  significant  bits.  This  operation  was  not  included 
in  the  code.  It  can  be  inserted  in  the  data  gathering  loop  or 
outside  the  loop  when  the  data  is  processed. 

Interfacing  to  the  Parallel  Port  of  the  Intel  8051  Family 

The  Intel  8051  has  been  chosen  to  show  the  interface 


between  the  LTC1 292  and  parallel  port  microprocessors. 
The  signals  CS  and  CLK  are  generated  on  two  port  lines 
and  the  Dout  signal  is  read  on  a  third  port  line.  After  a 
falling  CLK  edge  each  data  bit  is  loaded  into  the  carry  bit 
and  then  rotated  into  the  accumulator.  Once  the  first  8 
MSBs  have  been  shifted  into  the  accumulator  they  are 
loaded  into  register  R2.  The  last  four  bits  are  shifted  in  the 
same  way  and  loaded  into  register  R3.  The  output  data  is 
left  justified  in  registers  R2  and  R3. 


ANALOG 


CS 


Dout  FROM  LTC1292  STORED  IN  8051  RAM 
MSB 


R2 

B11 

B10 

B9 

B8 

B6 

B5 

B4 

R3 

B3 

B2 

B1 

BO 

0 

0 

0 

0 

Dout 


B11    BIO    B9     B8  B7 


64      B3      B2  B1 


Figure  2.  Hardware  and  Software  Interface  to  Intel  8051  Processor 
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8051  CODE 


LABEL 

MNFMONIf 

lYMVLIYIUIIIti 

nPFRAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

IvIU  v 

P1  #02h 

RIT  1  PORT  1  ^FT  AS  INPUT 
di  i  !  run  i  i  or.  i  no  nuru  i 

SETB 

P1.3 

CLK  GOES  HIGH 

r  1 .0 

ULI\  UUCo  LUVV 

CLR 

P1.3 

CLK  GOES  LOW 

SFTR 

P1  4 

GfiFS  HIRH 
uo  uUlj  niun 

MOV 

C.P1.1 

READ  DATA  BIT  INTO  CARRY 

rnMT 

UUIM  I 

PI  R 

P1  A 

Uo  uUlo  LU 

RLC 

A 

ROTATF  DATA  RIT  (R?l  INTO  ACC 

I1U  Inl  L  Ur*  \  r\  Ull            f  MM  lu  MVjU 

SETB 

P1.3 

CLK  GOES  HIGH 

SETB 

P1.3 

CLK  GOES  HIGH 

CLR 

P1.3 

CLK  GOES  LOW 

CLR 

P1.3 

CLK  GOES  LOW 

SETB 

P1.3 

CLK  GOES  HIGH 

MOV 

C.P1.1 

READ  DATA  BIT  INTO  CARRY 

CLR 

P1.3 

CLK  GOES  LOW 

RLC 

A 

ROTATE  DATA  BIT  (B1)  INTO  ACC 

MOV 

R4,#08H 

LOAD  COUNTER 

SETB 

P1.3 

CLK  GOES  HIGH 

LOOP 

MOV 

C.P1.1 

READ  DATA  BIT  INTO  CARRY 

CLR 

P1.3 

CLK  GOES  LOW 

RLC 

A 

ROTATE  DATA  BIT  INTO  ACC 

MOV 

C.P1.1 

READ  DATA  BIT  INTO  CARRY 

SETB 

P1.3 

CLK  GOES  HIGH 

SETB 

P1.4 

CS  GOES  HIGH 

CLR 

P1.3 

CLK  GOES  LOW 

RRC 

A 

ROTATE  DATA  BIT  (BO)  INTO  ACC 

DJNZ 

R4.L00P 

NEXT  BIT 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

MOV 

R2,A 

STORE  MSBs  IN  R2 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

MOV 

CP1.1 

READ  DATA  BIT  INTO  CARRY 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

CLR 

A 

CLEAR  ACC 

MOV 

R3,A 

STORE  LSBs  IN  R3 

RLC 

A 

ROTATE  DATA  BIT  (B3)  INTO  ACC 

AJMP 

CONT 

START  NEXT  CONVERSION 

Sharing  the  Serial  Interface 

The  LTC1 292  can  share  the  same  two-wire  serial  interface 
with  other  peripheral  components  or  other  LTC1292s 
(Figure  3).  In  this  case,  the  CS  signals  decide  which 
LTC1292  is  being  addressed  by  the  MPU. 

ANALOG  CONSIDERATIONS 
Grounding 

The  LTC1 292  should  be  used  with  an  analog  ground  plane 
and  single  point  grounding  techniques.  Do  not  use  wire 
wrappingtechniquestobreadboard  and  evaluate  thedevice. 
To  achieve  the  optimum  performance  use  a  PC  board.  The 


X 


2     1  0 
OUTPUT  PORT 
SERIAL  DATA 


ground  pin  (Pin  4)  should  be  tied  directly  to  the  ground 
plane  with  minimum  lead  length  (a  low  profile  socket  is 
fine).  Pin  7  (Vcc)  should  be  bypassed  to  the  ground  plane 
with  a  22liF  (minimum  value)  tantalum  with  leads  as  short 
as  possible  and  as  close  as  possible  to  the  pin.  A  0.1  liF 
ceramic  disk  also  should  be  placed  in  parallel  with  the 
22pFand  again  with  leads  as  short  as  possible  and  as  close 
to  Vcc  as  possible.  Figure  4  shows  an  example  of  an  ideal 
LTC1292  ground  plane  design  for  a  two  sided  board.  Of 
course  this  much  ground  plane  will  not  always  be  possible, 
but  users  should  strive  to  get  as  close  to  this  ideal  as 
possible. 


22pF  TANTALUM 


2-WIRE  SERIAL 
INTERFACE  TO  OTHER 
PERIPHERALS  OR  LTC1292S 


2  CHANNELS       2  CHANNELS      2  CHANNELS 


Figure  3.  Several  LTC1292S  Sharing  One  2-Wire  Serial  Interface 


Figure  4.  Example  Ground  Plane  for  the  LTC1292 
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Bypassing 

For  good  performance,  Vcc  must  De  free  of  noise  and 
ripple.  Any  changes  in  the  Vcc  voltage  with  respect  to 
ground  during  a  conversion  cycle  can  induce  errors  or 
noise  in  the  output  code.  Vcc  noise  and  ripple  can  be  kept 
below  0.5mV  by  bypassing  the  Vcc  Pin  directly  to  the 
analog  plane  with  a  minimum  of  22liF  tantalum  capacitor 
and  with  leads  as  short  as  possible.  The  lead  from  the 
device  to  the  Vcc  supply  also  should  be  kept  to  a  minimum 
and  the  Vcc  supply  should  have  a  low  output  impedance 
such  as  obtained  from  a  voltage  regulator  (e.g.,  LT323A). 
For  high  frequency  bypassing  a  0.1  jjF  ceramic  disk  placed 
in  parallel  with  the  22juF  is  recommended.  Again  the  leads 
should  be  kept  to  a  minimum.  Figures  5  and  6  show  the 
effects  of  good  and  poor  Vcc  bypassing. 

Analog  Inputs 

Because  of  the  capacitive  redistribution  A/D  conversion 
techniques  used,  the  analog  inputs  of  the  LTC1 292  have 
capacitive  switching  input  current  spikes.  These  current 
spikes  settle  quickly  and  do  not  cause  a  problem.  If  large 
source  resistances  are  used  or  if  slow  settling  op  amps 
drive  the  inputs,  take  care  to  insure  the  transients  caused 
by  the  current  spikes  settle  completely  before  the 
conversion  begins. 


HORIZONTAL:  10ms/DIV 


Figure  5.  Poor  Vcc  Bypassing.  Noise  and 
Ripple  Can  Cause  A/D  Errors 


HORIZONTAL:  1 0pS/DIV 


Figure  6.  Good  Vcc  Bypassing  Keeps 
Noise  and  Ripple  on  VCc  Below  1mV 


Source  Resistance 

The  analog  inputs  of  the  LTC1292  look  like  a  100pF 
capacitor  (Cim)  in  series  with  a  500£2  resistor  (Ron).  Cin 
gets  switched  between  (+)  and  (-)  inputs  once  during  each 
conversion  cycle.  Large  external  source  resistors  and 
capacitances  will  slow  the  settling  of  the  inputs.  It  is 
important  that  the  overall  RC  time  constant  is  short 
enough  to  allow  the  analog  inputs  to  settle  completely 
within  the  allowed  time. 


LICIS2FW 


Figure  7.  Analog  Input  Equivalent  Circuit 
"+"  Input  Settling 

The  input  capacitor  is  switched  onto  the "+"  input  during 
the  sample  phase  (tsMPb  see  Figures  8a,  8b  and  8c).  The 
sample  period  can  be  as  short  as  t.whcs  +  1/2  CLK  cycle  or 
as  long  as  twHCS  +  11/2  CLK  cycles  before^  conversion 
starts.  This  variability  depends  on  where  CS  falls  relative 
to  CLK.  The  voltage  on  the "+"  input  must  settle  completely 
within  the  sample  period.  Minimizing  Rsource+  and  C1 
will  improve  the  settling  time.  If  large "+"  input  source 
resistance  must  be  used,  the  sample  time  can  be  increased 
by  using  a  slower  CLK  frequency.  With  the  minimum 
possible  sample  time  of  3.0ns,  Rsource+  <  2.0kQ  and  C1 
<  20pF  will  provide  adequate  settle  time. 

"-"  Input  Settling 

Attheend  of  the  sample  phase  the  input  capacitorswitches 
to  the "-"  input  and  the  conversion  starts  (see  Figures  8a, 
8b  and  8c).  During  the  conversion,  the "+"  input  voltage  is 
effectively  "held"  by  the  sample  and  hold  and  will  not  affect 
the  conversion  result.  It  is  critical  that  the"-"  input  voltage 
be  free  of  noise  and  settle  completely  during  the  first  CLK 
cycle  of  the  conversion.  Minimizing  Rsource-  and  C2  will 
improve  settling  time.  If  large "-"  input  source  resistance 
must  be  used  the  time  can  be  extended  by  using  a  slower 
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CLK 
DOUT 

W INPUT 
H  INPUT 


"+"  and  "-"  Input  Settling  Windows 

-  t»THCS   -\ 


J 


 tSMPL  

(+)  INPUT  MUST  SETTLE  DURING  THIS  TIME 


r 


1ST  BIT  TEST  (-)  INPUT  MUST 
SETTLE  DURING  THIS  TIME 


r 


Figure  8a.  Setup  Time  (tsucs)  is  Met 


1ST  BIT  TEST  H  INPUT  MUST 
SETTLE  DURING  THIS  TIME 


(t)  INPUT 
(-)  INPUT 


r 


Figure  8b.  Setup  Time  (tSucs)  's  Met 


CLK  frequency.  At  the  maximum  CLK  frequency  of  1  MHz, 
Rsource-  <  250Q  and  C2  <  20pF  will  provide  adequate 
settling. 

Input  Op  Amps 

When  driving  the  analog  inputs  with  an  op  amp  it  is 
important  that  the  op  amp  settles  within  the  allowed  time 
(see  Figures  8a,  8b  and  8c).  Again  the "+"  and  "-"  input 


sampling  times  can  be  extended  as  described  above  to 
accommodate  slower  op  amps.  Most  op  amps  including 
the  LT1006  and  LT1013  single  supply  op  amps  can  be 
made  to  settle  well  even  with  the  minimum  settling  windows 
of  3.0|as  ("+"  input)  and  1  ps  ("-"  input)  that  occurs  at  the 
maximum  clock  rate  of  1MHz.  Figures  9  and  10  show 
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U  'WHCS   

■  V 


DOUT 


M  INPUT 
(-)  INPUT 


1ST  BIT  TEST  (-]  INPUT  MUST 
SETTLE  DURING  THIS  TIME 


r 


Figure  8c.  Setup  Time  (tSucs)  is  Not  Met 


HORIZONTAL:  500ns/DIV 


Figure  9.  Adequate  Settling  of  Op  Amp  Driving  Analog  Input 


HORIZONTAL:  Mts/DIV 

Figure  10.  Poor  Op  Amp  Settling  Can  Cause  A/D  Errors 
RC  Input  filtering 

It  is  possible  to  filter  the  inputs  with  an  RC  network  as 
shown  in  Figure  1 1 .  For  large  values  of  Cp  (e.g.,  1  pF)  the 
capacitive  input  switching  currents  are  averaged  into  a  net 
DC  current.  A  filter  should  be  chosen  with  a  small  resistor 
and  large  capacitor  to  prevent  DC  drops  across  the  resistor. 


The  magnitude  of  the  DC  current  is  approximately  lDrj  = 
1 0OpF  x  VinAcyc  anci  is  roughly  proportional  to  1%  When 
running  at  the  minimum  cycle  time  of  16.5ns,  the  input 
current  equals  30/jA  at  Vm  =  5V.  Here  a  filter  resistor  of  4£2 
will  cause  0.1  LSB  of  full-scale  error.  If  a  large  filter  resistor 
must  be  used,  errors  can  be  reduced  by  increasing  the 
cycle  time  as  shown  in  the  typical  performance 
characteristics  curve  Maximum  Filter  Resistor  vs  Cycle 
Time. 


Rfilter  l|0C. 

Vin  VA— 


T 


^FILTER 


Figure  11.  RC  Input  Filtering 


Input  Leakage  Current 

Input  leakage  currents  also  can  create  errors  if  the  source 
resistance  gets  too  large.  For  example,  the  maximum  input 
leakage  specification  of  1  jjA  (at  1 25°C)  flowing  through  a 
source  resistance  of  1  kQ  will  cause  a  voltage  drop  of  1  mV 
or  0.8LSB.  This  error  will  be  much  reduced  at  lower 
temperatures  because  leakage  drops  rapidly  (see  typical 
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performance  characteristics  curve  Input  Channel  Leakage 
Current  vs  Temperature). 


SAMPLE  AND  HOLD 
Single  Ended  Input 

The  LTC1292  provides  a  built-in  sample  and  hold  (S&H) 
function  on  the  +IN  input  for  signals  acquired  in  the  single 
ended  mode  (-IN  pin  grounded).  The  sample  and  hold 
allows  the  LTC1 292  to  convert  rapidly  varying  signals  (see 
typical  performance  characteristics  curve  of  S&H 
Acquisition  Time  vs  Source  Resistance).  The  input  voltage 
is  sampled  during  the  tSMPL  time  as  shownjn  Figure  8.  The 
sampling  interval  beginsat  rising  edge  of  CSand  continues 
until  the  falling  edge  of  the  CLK  before  the  conversion 
begins.  On  this  falling  edge  the  S&H  goes  into  the  hold 
mode  and  the  conversion  begins. 

Differential  Input 

With  adifferential  input  the  A/D  no  longer  convertsasingle 
voltage  but  converts  the  difference  between  two  voltages. 
The  voltage  on  the  +IN  pin  is  sampled  and  held  and  can  be 
rapidly  time  varying.  The  voltage  on  the  -IN  pin  must 
remain  constant  and  befree  of  noise  and  ripple  throughout 
the  conversion  time.  Otherwise  the  differencing  operation 
will  not  be  done  accurately.  The  conversion  time  is  1 2  CLK 
cycles.  Therefore  a  change  in  the  -IN  input  voltage  during 
this  interval  can  cause  conversion  errors.  For  a  sinusoidal 
voltage  on  the  -IN  input  this  error  would  be: 


VERROR(MAX)  ~  (2ltf(-IN)VPEAK  ) 


12 


CLK  J 


Where  f(_iN)  is  the  frequency  of  the  -IN  input  voltage, 
Vpeak  is  its  peak  amplitude  and  fci_K  is  the  frequency  of  the 
CLK.  Usually  Verror  will  not  be  significant.  For  a  60Hz 
signal  on  the  -IN  input  to  generate  a  0.25LSB  error 
(300|iV)  with  the  converter  running  at  CLK  =  1MHz,  its 
peak  value  would  have  to  be  66mV.  Rearranging  the  above 
equation  the  maximum  sinusoidal  signal  that  can  be 
digitized  to  a  given  accuracy  is  given  as: 


f, 


(-INJMAX  : 


v, 


ERRQR(MAX) 


2tiV( 


PEAK 


CLK 
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For  0.25LSB  error  (300liV)  the  maximum  input  sinusoid 
with  a  5V  peak  amplitude  that  can  be  digitized  is  0.8Hz. 

Reference  Input 

The  voltage  on  the  reference  input  of  the  LTC1292 
determines  the  voltage  span  of  the  A/D  converter.  The 
reference  input  has  transient  capacitive  switching  cur- 
rents due  to  the  switched  capacitor  conversion  tech- 
nique (see  Figure  12).  During  each  bit  test  of  the 
conversion  (every  CLK  cycle)  a  capacitive  current  spike 
will  be  generated  on  the  reference  pin  by  the  A/D.  These 
current  spikes  settle  quickly  and  do  not  cause  a  prob- 
lem. If  slow  settling  circuitry  is  used  to  drive  the 
reference  input,  take  care  to  insure  that  transients 
caused  by  these  current  spikes  settle  completely  during 
each  bit  test  of  the  conversion. 


Figure  12.  Reference  Input  Equivalent  Circuit 


HORIZONTAL:  1^s/DIV 


Figure  13.  Adequate  Relerence  Settling  (LT1027) 


HORIZONTAL:  10(S/DIV 

Figure  14.  Poor  Reference  Settling  Can  Cause  A/D  Errors 
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Figures  1 3  and  1 4  show  examples  of  both  adequate  and 
poor  settling.  Using  a  slower  CLK  will  allow  more  time 
for  the  reference  to  settle.  Even  at  the  maximum  CLK 
rate  of  1MHz  most  references  and  op  amps  can  be 
made  to  settle  within  the  1  (js  bit  time.  For  example  the 
LT1027  will  settle  adequately  or  with  a  1 0juF  bypass 
capacitor  at  Vref  the  LT1 021  also  can  be  used. 

Reduced  Reference  Operation 

The  effective  resolution  of  the  LTC1292  can  be  in- 
creased by  reducing  the  input  span  of  the  converter. 
The  LTC1292  exhibits  good  linearity  over  a  range  of 
reference  voltages  (see  typical  performance  character- 
istics curves  of  Change  in  Linearity  vs  Reference  Volt- 
age). Care  must  be  taken  when  operating  at  low  values 
of  Vref  because  of  the  reduced  LSB  step  size  and  the 
resulting  higher  accuracy  requirement  placed  on  the 
converter.  Offset  and  Noise  are  factors  that  must  be 
considered  when  operating  at  low  Vref  values.  The 
internal  reference  for  Vref  has  been  tied  to  the  GND  pin. 
Any  voltage  drop  from  the  GND  pin  to  the  ground  plane 
will  cause  a  gain  error. 

Offset  with  Reduced  VREF 

The  offset  of  the  LTC1292  has  a  larger  effect  on  the 
output  code  when  the  A/D  is  operated  with  a  reduced 
reference  voltage.  The  offset  (which  is  typically  a  fixed 
voltage)  becomes  a  larger  fraction  of  an  LSB  as  the  size 
of  the  LSB  is  reduced.  The  typical  performance  charac- 
teristics curve  of  Unadjusted  Offset  Error  vs  Reference 
Voltage  shows  how  offset  in  LSBs  is  related  to  refer- 
ence voltage  for  a  typical  value  of  V0s-  For  example  a 
Vqs  of  0.1  mV,  which  is  0.1  LSB  with  a  5V  reference 
becomes  0.4LSB  with  a  1 .25  reference.  If  this  offset  is 
unacceptable,  it  can  be  corrected  digitally  by  the  receiv- 
ing system  or  by  offsetting  the-IN  inputto  the  LTC1 292. 

Noise  with  Reduced  Vref 

The  total  input  referred  noise  of  the  LTC1292  can  be 
reduced  to  approximately  200pV  peak-to-peak  using  a 
ground  plane,  good  bypassing,  good  layouttechniques 
and  minimizing  noise  on  the  reference  inputs.  This 
noise  is  insignificant  with  a  5V  reference  input  but  will 


becomealargerfractionofanLSBasthesize  of  the  LSB 
is  reduced.  The  typical  performance  characteristics 
curve  of  Noise  Error  vs  Reference  Voltage  shows  the 
LSB  contribution  of  this  200|uV  of  noise. 

For  operation  with  a  5V  reference,  the  200|aV  noise  is 
only  0.16LSB  peak-to-peak.  Here  the  LTC1292  noise 
will  contribute  virtually  no  uncertainty  to  the  output 
code.  For  reduced  references,  the  noise  may  become  a 
significant  fraction  of  an  LSB  and  cause  undesirable 
jitter  in  the  output  code.  For  example,  with  a  1.25V 
reference,  this  200|uV  noise  is  0.64LSB  peak-to-peak. 
This  will  reduce  the  range  of  input  voltages  over  which 
a  stable  output  code  can  be  achieved  by  0.64LSB.  Now 
averaging  readings  may  be  necessary. 

This  noise  data  was  taken  in  a  very  clean  test  fixture. 
Any  setup  induced  noise  (noise  or  ripple  on  Vcc,  VREf 
or  V|N)  will  add  to  the  internal  noise.  The  lower  the 
reference  voltage  used,  the  more  critical  it  becomes  to 
have  a  noise-free  setup. 

Gain  Error  due  to  Reduced  VREF 

The  gain  error  of  the  LTC1 292  is  very  good  over  a  wide 
range  of  reference  voltages.  The  error  component  that 
is  seen  in  the  typical  performance  characteristics  curve 
Change  in  Gain  Error  vs  Reference  Voltage  is  due  to  the 
voltage  drop  on  the  GND  pin  from  the  device  to  the 
ground  plane.  To  minimize  this  error  the  LTC1292 
should  be  soldered  directly  onto  the  PC  board.  The 
internal  reference  point  for  VREF  is  tied  to  GND.  Any 
voltage  drop  in  the  GND  pin  will  make  the  reference 
voltage,  internal  to  the  device,  less  than  what  is  applied 
externally  (Figure  1 5).  This  drop  is  typically  420pV  due 
to  the  product  of  the  pin  resistance  (RPlN)  and  the 
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Figure  15.  Parasitic  Resistance  in  GND  Pin 
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LTC1292  supply  current.  For  example,  with  VREF  = 
1 .25V  this  will  result  in  a  gain  error  change  of  -1  .OLSB 
from  the  gain  error  measured  with  Vref=  5V. 

LTC1292  AC  Characteristics 

Two  commonly  used  figures  of  merit  for  specifying  the 
dynamic  performance  of  the  A/Ds  in  digital  signal 
processing  applications  are  the  Signal-to-Noise  Ratio 
(SNR)  and  the  "effective  number  of  bits  (ENOB)."  SNR 
is  the  ratio  of  the  RMS  magnitude  of  the  fundamental  to 
the  RMS  magnitude  of  all  the  non-fundamental  signals 
up  to  the  Nyquist  frequency  (half  the  sampling  fre- 
quency).The  theoretical  maximum  SNRforasine  wave 
input  is  given  by: 

SNR  =  (6.02N  +  1.76dB) 

where  N  is  the  number  of  bits.  Thus  the  SNR  depends 
on  the  resolution  of  the  A/D.  For  an  ideal  1 2-bit  A/D  the 
SNR  is  equal  to  74dB.  A  Fast  Fourier  Transform  (FFT) 
plot  of  the  output  spectrum  of  the  LTC1 292  is  shown  in 
Figures  16a  and  16b.  The  input  (f!N)  frequencies  are 
1kHz  and  28kHz  with  the  sampling  frequency  (fs)  at 
58.8  kHz.  The  SNR  obtained  from  the  plot  are  73.0dB 
and  61.5dB. 

Rewriting  the  SNR  expression  it  is  possible  to  obtain  the 
equivalent  resolution  based  on  the  SNR  measurement. 


rSNR-1.76dB 


6.02 


This  is  the  so-called  effective  number  of  bits  (ENOB). 
Forthe  example  shown  in  Figures  1 6a and  1 6b,  N  =  1 1 .8 
bits  and  9.9  bits,  respectively.  Figure  1 7  shows  a  plot  of 
ENOB  as  a  function  of  input  frequency.  The  2nd  har- 
monic distortion  term  accounts  for  the  degradation  of 
the  ENOB  as  f!N  approaches  fs/2. 

Figure  1 8  shows  a  FFT  plot  of  the  output  spectrum  for 
two  tones  applied  to  the  input  of  the  A/D.  Nonlinearities 
in  the  A/D  will  cause  distortion  products  at  the  sum  and 
difference  frequencies  of  the  fundamentals  and  prod- 
ucts of  the  fundamentals.  This  is  classically  referred  to 
as  intermodulation  distortion  (IMD). 


0 

-20 
-40 
-60 
-80 
-100 
-120 
-140 


10  15  20  25 
FREQUENCY  (kHz) 


30 

LTCl!92F16a 


Figure  16a.  fIN  =  1kHz,  fs  =  58.8kHz,  SNR  =  73.0dB 
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Figure  16b.  fIN  =  28kHz,  fs  =  58.8kHz,  SNR  =  61 .5dB 
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Figure  17.  LTC1292  ENOB  vs  Input  Frequency 
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Figure  18.  f!N1  =  5.1kHz,  fIN2  =  5.6kHz,  fs  =  58.8kHz 

Overvoltage  Protection 

Applying  signals  to  the  LTC1292's  analog  inputs  that 
exceed  the  positive  supply  or  that  go  below  ground  will 
degrade  the  accuracy  of  the  A/D  and  possibly  damage 
the  device.  For  example  this  condition  would  occur  if  a 
signal  is  applied  to  the  analog  inputs  before  power  is 
applied  to  the  LTC1292.  Another  example  is  the  input 
source  is  operating  from  different  supplies  of  larger 
value  than  the  LTC1292.  These  conditions  should  be 
prevented  either  with  proper  supply  sequencing  or  by 
use  of  external  circuitry  to  clamp  or  current  limit  the 
input  source.  There  are  two  ways  to  protect  the  inputs. 
In  Figure  19  diode  clamps  from  the  inputs  to  Vrjc  and 
GND  are  used.  The  second  method  is  to  put  resistors  in 
series  with  the  analog  inputs  for  current  limiting.  Limit 
the  current  to  15mA  per  channel.  The  +IN  input  can 
accept  a  resistor  value  of  1k£2  but  the -IN  input  cannot 
accept  more  than  250Q  when  clocked  at  its  maximum 
clock  frequency  of  1  MHz.  If  the  LTC1 292  is  clocked  at 
the  maximum  clock  frequency  and  250Q  is  not  enough 
to  current  limit  the  input  source  then  the  clamp  diodes 
are  recommended  (Figures  20a  and  20b).  The  reason 
for  the  limit  on  the  resistor  value  is  the  MSB  bit  test  is 
affected  by  the  value  of  the  resistor  placed  at  the  -IN 
input  (see  discussion  on  Analog  Inputs  and  the  typical 
performance  characteristics  Maximum  CLK  Frequency 
vs  Source  Resistance). 


If  Vcc  and  VREF  are  not  tied  together,  then  Vcc  should 
be  turned  on  first,  then  Vref-  If  this  sequence  cannot  be 
met,  connecting  a  diode  from  Vref  to  Vcc  is  recom- 
mended (see  Figure  21). 

Because  a  unique  input  protection  structure  is  used  on 
the  digital  input  pins,  the  signal  levels  on  these  pins  can 
exceed  the  device  Vcc  without  damaging  the  device. 
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Figure  19.  Overvoltage  Protection  for  Inputs 
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Figure  20a.  Overvoltage  Protection  lor  Inputs 
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Figure  20b.  Overvoltage  Protection  for  Inputs 
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Figure  21 


A  "Quick  Look"  Circuit  for  the  LTC1292 

Users  can  get  a  quick  look  at  the  function  and  timing  of 
the  LTC1292  by  using  the  following  simple  circuit 
(Figure  22).  VREF  istiedto  VCc-  V|N  is  applied  to  the +IN 
input  and  the  -IN  input  is  tied  to  the  ground  plane.  CS 
is  driven  at  1/32  the  clock  rate  by  the  CD4520  and  Dout 
outputs  the  data.  The  output  data  from  the  Dout  pin  can 
be  viewed  on  an  oscilloscope  that  is  set  up  to  trigger  on 
the  falling  edge  of  CS  (Figure_23).  Note  the  LSB  data  is 
partially  clocked  out  before  CS  goes  high. 
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Figure  22.  "Quick  Look"  Circuit  for  the  LTC1 292 
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Figure  23.  Scope  Trace  the  LTC1292 " 
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Opto-lsolated  Temperature  Monitor 

Amplification  of  sensor  outputs  is  often  required  to 
generate  a  signal  large  enough  that  can  be  properly 
digitized.  For  example,  a  J  type  thermocouple  provides 
only  52nV/°C.  The  5(aV  offset  of  the  LTC1 050  chopper 
op  amp  generates  less  than  0.1  °C  error.  Cold  junction 
compensation  is  provided  by  the  LT1025A.  (For  more 
detail  see  LTC  Design  Note  5). 


In  the  opto-isolated  interface  two  signals  are  generated 
from  one.  This  allows  a  two-wire  interface  to  the 
LTC1 292.  A  long  high  signal  (>1  ms)  on  the  CLKJN  input 
allows  the  0.1  pF  capacitor  to  discharge  taking  CS  high. 
This  resets  the  A/Dfor  the  next  conversion.  When  CLK 
IN  starts  toggling,  CS  goes  low  and  stays  there  until  the 
next  extended  CLK  IN  high  time.  See  Figure  25. 
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Figure  24.  Opto-lsolated  Temperature  Monitor 
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LTC1293/LTC1294/LTC1296 

Single  Chip  12-Bit 
Data  Acquisition  System 


F€ATUR€S 

■  Software  Programmable  Features 

Unipolar/Bipolar  Conversion 
Differential/Single  Ended  Inputs 
MSB-First  or  MSB/LSB  Data  Sequence 
Power  Shutdown 

■  Built-in  Sample  and  Hold 

■  Single  Supply  5V  or  ±5V  Operation 

■  Direct  4-Wire  Interface  to  Most  MPU  Serial 
Ports  and  All  MPU  Parallel  Ports 

■  46.5kHz  Maximum  Throughput  Rate 

■  System  Shutdown  Output  (LTC1296) 


K€V  SPCCIFICRTIOnS 

■  Resolution  12  Bits 

■  Fast  Conversion  Time  1 2lis  Max  Over  Temp. 

■  Low  Supply  Current  6.0mA 


D€SCRIPTIOn 

The  LTC1 293/4/6  is  a  family  of  data  acquisition  systems 
which  contain  a  serial  I/O  successive  approximation  A/D 
converter.  It  uses  LTCMOS™  switched  capacitor  technol- 
ogy to  perform  either  1 2-bit  unipolar,  or  1 1  -bit  plus  sign 
bipolar  A/D  conversions.  The  input  multiplexer  can  be 
configured  for  either  single  ended  or  differential  inputs  (or 
combinations  thereof).  An  on-chip  sample  and  hold  is 
included  for  all  single  ended  input  channels.  When  the 
LTC1 293/4/6  is  idle  it  can  be  powered  down  in  applica- 
tions where  low  power  consumption  is  desired.  The 
LTC1296  includes  a  System  Shutdown  Output  pin  which 
can  be  used  to  power  down  external  circuitry,  such  as 
signal  conditioning  circuitry  prior  to  the  input  mux. 

The  serial  I/O  is  designed  to  communicate  without  external 
hardware  to  most  MPU  serial  ports  and  all  MPU  parallel 
I/O  ports  allowing  up  to  eight  channels  of  data  to  be 
transmitted  over  as  few  as  three  wires. 


LTCMOS1"  is  a  trademark  of  Linear  Technology  Corporation 
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LTC1293/LTC1294/LTC1296 


rbsolutc  mnximum  ratios  1^1^21 


Supply  Voltage  (Vcc)  to  GND  or  V"  12V 

Negative  Supply  Voltage  (V")  -6V  to  GND 

Voltage 
Analog  and  Reference 

Inputs  (V-) -0.3V  to  Vcc  +  0.3V 

Digital  Inputs  -0.3V  to  12V 

Digital  Outputs  -0.3V  to  Vcc  +  0.3V 

Power  Dissipation   500mW 


Operating  Temperature  Range 

LTC1293/4/6BC,  LTC1 293/4/6CC, 

LTC1293/4/6DC  0°C  to  70°C 

LTC1293/4/6BI,  LTC1293/4/6CI, 

LTC1293/4/6DI  -40°C  to  85°C 

LTC1293/4/6BM,  LTC1293/4/6CM, 

LTC1293/4/6DM  -55°C  to125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 
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TJ]  REF" 

COM  E 

TJ]  AGND 

DGND  E 

TJ]  V 

J  PACKAGE                N  PACKAGE 

LTC1294BMJ 

LTC1294CMJ 

LTC1294DMJ 

LTC1294BIJ 

LTC1294CIJ 

LTC1294DIJ 


LTC1294BIN 
LTC1294CIN 
LTC1294DIN 
LTC1294BCN 
LTC1294CCN 
LTC1294DCN 


20-LEAD  CERAMIC  DIP    20-LEAO  PLASTIC  DIP 


TOP  VIEW 


TJ]  sso 

TJ]  CLK 

TU  cs 

IE  Dour 

TU  D,N 

TJ]  REF' 

TJ]  REF' 

TJ]  AGND 

TTJ  v- 


LTC1296BCS 
LTC1296CCS 
LTC1296DCS 


S  PACKAGE 
20-LEAD  PLASTIC  SO 


CHO  E 

|fj  Vcc 

CHI  E 

TJ]  sso 

CH2  E 

TJ]  CLK 

CH3  E 

TJ]  cs 

CH4  E 

m  dout 

CH5  E 

TJ]  Din 

CH6  E 

TJJ  REF* 

CH7  E 

TJ]  REF' 

COM  E 

TJ]  AGND 

DGND  [TJ 

TJ]  v- 

J  PACKAGE                 N  PACKAGE 

LTC1296BMJ 

LTC1296CMJ 

LTC1296DMJ 

LTC1296BIJ 

LTC1296CIJ 

LTC1296DIJ 


LTC1296BIN 
LTC1296CIN 
LTC1296DIN 
LTC1296BCN 
LTC1296CCN 
LTC1296DCN 


20-LEAD  CERAMIC  DIP    20-LEAD  PLASTIC  DIP 
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COflV€RT€R  ROD  mULTIPL€X€R  CHRRRCTCRISTICS  (Notes) 


DA  D  A  ftilHTCD 

CONDITIONS 

LTC1293/4/6B 
MIN    TYP  MAX 

LTC1293/4/6C 
MIN    TYP  MAX 

LTC1293/4/6D 
MIN    TYP  MAX 

1 IMITC 
UNI  1  O 

Offset  Error 

(Note  4) 

• 

±3.0 

±3.0 

±3.0 

LSB 

Linearity  Error  (INL) 

(Notes  4,  5) 

• 

±0.5 

±0.5 

±0.75 

LSB 

Gain  Error 

(Note  4) 

• 

±0.5 

±1.0 

±4.0 

LSB 

Minimum  Resolution  for  which  No 
Missing  Codes  are  Guaranteed 

• 

12 

12 

12 

Bits 

Analog  and  REF  Input  Range 

(Note  7) 

(V>0.05V  to  VCc  + 0.05V 

V 

On  Channel  Leakage  Current  (Note  8) 

On  Channel  =  5V 
Off  Channel  =  0V 

• 

±1 

±1 

±1 

MA 

On  Channel  =  OV 
Off  Channel  =  5V 

• 

±1 

±1 

±1 

mA 

Off  Channel  Lekage  Current  (Note  8) 

On  Channel  =  5V 
Off  Channel  =  OV 

• 

±1 

±1 

±1 

mA 

On  Channel  =  OV 
Off  Channel  =  5V 

• 

±1 

±1 

±1 

mA 

RC  CHRRRCTCRISTICS  (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1293/4/6B 
LTC1293/4/6C 
LTC1293/4/6D 
MIN      TYP  MAX 

UNITS 

fCLK 

Clock  Frequency 

Vcc  =  5V  (Note  6) 

0.1  1.0 

MHz 

tSMPL 

Analog  Input  Sample  Time 

See  Operating  Sequence 

2.5 

CLK  Cycles 

tCONV 

Conversion  Time 

See  Operating  Sequence 

12 

CLK  Cycles 

tCYC 

Total  Cycle  Time 

See  Operating  Sequence  (Note  6) 

21  CLK 
+500ns 

Cycles 

tdDO 

Delay  Time,  CLKi  to  D0ut  Data  Valid 

See  Test  Circuits 

• 

160  300 

ns 

tdis 

Delay  Time,  CST  to  D0Ut  Hi-Z 

See  Test  Circuits 

• 

80  150 

ns 

fen 

Delay  Time,  CLKi  to  D0jt  Enabled 

See  Test  Circuits 

• 

80  200 

ns 

ttlDI 

Hold  Time,  D|N  after  CLKT 

Vcc  =  5V  (Note  6) 

50 

ns 

thDO 

Time  Output  Data  Remains  Valid  After  CLKi 

130 

ns 

tf 

D0UT  Fall  Time 

See  Test  Circuits 

• 

65  130 

ns 

tr 

Dqut  Rise  Time 

See  Test  Circuits 

• 

25  50 

ns 

fWHCLK 

CLK  High  Time 

Vcc  =  5V  (Note  6) 

300 

ns 

tWLCLK 

CLK  Low  Time 

Vcc  =  5V  (Note  6) 

400 

ns 

tsuDI 

Set-up  Time,  D|N  Stable  Before  CLKI 

Vcc  =  5V  (Note  6) 

50 

ns 

'suCS 

Set-up  Time,  CSi  before  CLKt 

Vcc  =  5V  (Note  6) 

50 

ns 

twHCS 

CS  High  Time  During  Conversion 

Vcc  =  5V  (Note  6) 

500 

ns 

'wLCS 

CS  Low  Time  During  Data  Transfer 

Vcc  =  5V  (Note  6) 

21 

CLK  Cycles 

tenSSO 

Delay  Time,  CLKi  toSSOi 

See  Test  Circuits 

• 

750  1500 

ns 

tdisSSO 

Delay  Time,  CSI  toSSOf 

See  Test  Circuits 

• 

250  500 

ns 

C|N 

Input  Capacitance 

Analog  Inputs  On  Channel 
Analog  Inputs  Off  Channel 
Digital  Inputs 

100 
5 
5 

pF 
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DIGITAL  IU1D  DC  €l€CTRICAl  CHRRflCT€RISTKS  (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1293/4/6B 
LTC1293/4/6C 
LTC1293/4/6D 

MIN     TYP  MAX 

UNITS 

V,H 

High  Level  Input  Voltage 

Vcc  =  5.25V 

2.0 

V 

VlL 

Low  Level  Input  Voltage 

Vcc  =  4.75V 

0.8 

V 

llH 

High  Level  Input  Current 

Vin  =  Vcc 

• 

2.5 

ma 

IlL 

Low  Level  Input  Current 

VIN  =  0V 

* 

-2.5 

V0H 

High  Level  Output  Voltage 

Vcc  =  4.75V,  l0  =  -10mA 
lo  -  360|jA 

4.7 

2.4  4.0 

V 

Vol 

Low  Level  Output  Voltage 

Vcc  =  4.75V,  l0  =  1-6mA 

0.4 

V 

loz 

High  Z  Output  Leakage 

VouT  =  Vcc,CSHigh 
Vqut  =  OV,  CS  High 

3 

-3 

(iA 

Icm  idpc 

Output  Source  Current 

V0UT  =  OV 

-20 

mA 

'SINK 

Output  Sink  Current 

VoUT=  Vcc 

20 

mA 

Ice 

Positive  Supply  Current 

CS  High 

6  12 

mA 

Ice 

Positive  Supply  Current 

CS  High, 

Power 

Shutdown 

CLK  Off 

LTC1294BC, LTC1294CC, 
LTC1294DC,  LTC1294BI, 
LTC1294CI,  LTC1294DI, 

5  10 

PA 

LTC1294BM,  LTC1294CM, 
LTC1294DM 

5  15 

uA 

Iref 

Reference  Current 

CS  High 

10  50 

uA 

1" 

Negative  Supply  Current 

CS  High 

1  50 

uA 

'sources 

SSO  Source  Current 

Vss6  =  0V 

0.8  1.5 

mA 

'sinks 

SSO  Sink  Current 

Vsso  =  Vcc 

0.5  1.0 

mA 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the  life 
of  a  device  may  be  impaired. 

Note  2:  All  voltage  values  are  with  respect  to  DGND,  AGND  and  REF" 
wired  together  (unless  otherwise  noted). 

Note  3:  Vcc  =  5V,  Vref*  =  5V,  VREF-  =  0V,  V"  =  0V  for  unipolar  mode  and 
-5V  for  bipolar  mode,  CLK  =  1 .0MHz  unless  otherwise  specified.  The  • 
denotes  specifications  which  apply  over  the  full  operating  temperature 
range;  all  other  limits  and  typicals  Ta  =  25°C. 
Note  4:  These  specs  apply  for  both  unipolar  and  bipolar  modes.  In  bipolar 
mode,  one  LSB  is  equal  to  the  bipolar  input  span  (2Vref)  divided  by  4096. 
For  example,  when  Vref  =  5V,  1  LSB  (bipolar)  =  2  (5VV4096  =  2.44mV. 
Note  5:  Linearity  error  is  specified  between  the  actual  end  points  of  the 
A/O  transfer  curve.  The  deviation  is  measured  from  the  center  of  the 
quantization  band. 


Note  B:  Recommended  operating  conditions. 
Note  7:  Two  on-chip  diodes  are  tied  to  each  reference  and  analog  input 
which  will  conduct  for  reference  or  analog  input  voltages  one  diode  drop 
below  V"  or  one  diode  drop  above  Vcc.  Be  careful  during  testing  at  low 
Vcc  levels  (4.5V),  as  high  level  reference  or  analog  inputs  (5V)  can  cause 
this  input  diode  to  conduct,  especially  at  elevated  temperatures,  and 
cause  errors  for  inputs  near  full  scale.  This  spec  allows  50mV  forward 
bias  of  either  diode.  This  means  that  as  long  as  the  reference  or  analog 
input  does  not  exceed  the  supply  voltage  by  more  than  50mV,  the  output 
code  will  be  correct.  To  achieve  an  absolute  0V  to  5V  input  voltage  range 
will  therefore  require  a  minimum  supply  voltage  of  4.950V  over  initial 
tolerance,  temperature  variations  and  loading. 
Note  8:  Channel  leakage  current  is  measured  after  the  channel  selection. 
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TYPICAL  PCRFORfflRflCC  CHRRRCT€RISTICS 


Supply  Current  vs  Supply  Voltage 


CLK  =  11 
Ta  =  25° 

SUPPLY  VOLTAGE  (V) 


Change  in  Linearity  vs  Reference 
Voltage 


3  0.50 


Supply  Current  vs  Temperature 


III 

CLK  =  1  MHz 

Vrr-  =  SV 

-50  -30  -10   10    30    50    70    90  110  130 
AMBIENT  TEMPERATURE  (°C) 

LTC1393  GO! 

Change  in  Gain  vs  Reference 
Voltage 


> 

-0.2 

-0.4 

(LSB  = 

-0.6 

z 

<c 

CD 

-0.8 

I? 

-1.0 

X 

o 

-1.2 

Vcc  =5 

/ 

LTC 

294/6 

LT 

:1293 

Unadjusted  Offset  Voltage  vs 
Reference  Voltage 


0.9 
0.8 
Jf  0.7 

§  06 
?  0.5 

CO 

3  0.4 

I  0.3 
o 

0.2 
0.1 


Vcc 

=  5V 

\ 



=  0.2 

iOmV 

v 

3S  =  0 

125rr 

0s** 

2  3  4  5 

REFERENCE  VOLTAGE  (V) 

LTC1293G03 

Change  In  Offset  vs  Temperature 


VCC  =  5V 
Vref  =  5V 
CLK  =  1MHz 

0  12  3  4 

REFERENCE  VOLTAGE  (V) 


12  3  4 

REFERENCE  VOLTAGE  (V) 


-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (°C) 


Change  in  Linearity  vs 
Temperature 


£  0.3 


I I 
VCC  =  5V 
Vree  =  5V 
CLK.  1MHz 

-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  f°C) 

LTC1233  G07 


Change  in  Gain  vs  Temperature 


Vcc  =  sv 

Vref  =  5V 
CLK  =  1  MHz 

-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (°C) 

LTC1293GOB 


Minimum  Clock  Rate  forO.ILSB 
Error 


|  0.25 

^  0.20 
a 

E  0.15 
^  0.10 

=3 

jj 

I  0.05 


Vcc 

=  5V 

-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (°C) 

LIC1993G09 


•  AS  THE  CLK  FREQUENCY  IS  DECREASED  FROM  1  MHz,  MINIMUM  CLK  FREQUENCY  (AERROR  <  0.1  LSB)  REPRESENTS 
THE  FREQUENCY  AT  WHICH  A  0.1  LSB  SHIFT  IN  ANY  CODE  TRANSITION  FROM  ITS  1  MHz  VALUE  IS  FIRST  DETECTED. 
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Tvpicni  p€Rfonmnnc€  chhrrctcristics 

Dqut  Delay  Time  vs  Temperature 


Maximum  Clock  Rate  vs  Source 
Resistance 


Maximum  Filter  Resistor  vs  Cycle 
Time 


250 


3 

Q 
5 


Vcc 

=  5V 

—  M. 

b  fir: 

T  DAT 

-  LSB 

FIRST 

DATA- 

-50   -25      0      25     50      75     100  125 
AMBIENT  TEMPERATURE  (X) 


Sample  and  Hold  Acquisition 
Time  vs  Source  Resistance 


RSOURCE+  (! 


LTC1296  SSO  Source  Current  vs 
Vcc  -  Vsso 


1  300 


Vcc 

=  5V 

0.1      0.2     0.3    0.4     0.5     0.6  0.7 
VCC -Vsso  VOLTAGE  (V) 

LTC1M3G16 


1k  10k 

RSOURCE- (Q) 


Input  Channel  leakage  Current  vs 
Temperature 


1000 
I  900 
£  800 
§  700 
S  600 

I  500 
j  400 
|  300 
jj  200 
|  100 
0 


jar; 

NTEE 

/ 

D— 

— G 

ON  CHANNE 
: CHANNEL  

JV 

> 

-OF 

-50  -30  -10  10    30    50    70    90  110  130 
AMBIENT  TEMPERATURE  (-C) 

LTC1»3S14 

LTC1296  SSO  Sink  Current  vs 
V§so 


Vcc- 

5V 

0.2        0.4        0.6  0.8 
Vsso  VOLTAGE  (V) 


100  1k 
CYCLE  TIME  (ps) 


Noise  Error  vs  Reference  Voltage 


2.25 
r2.00 
M.75 
:  1.50 

i  1.25 

I 

:  1.00 

: 

'■  0.75 

:  0.50 

'■  0.25 
0 


LTC1 293/4/6  NOISE  =  200llVp.c 

12  3  4 

REFERENCE  VOLTAGE  (V) 


MAXIMUM  CLK  FREQUENCY  REPRESENTS  THE  CLK 
FREQUENCY  AT  WHICH  A  0.1  LSB  SHIFT  IN  THE  ERROR 
AT  ANY  CODE  TRANSITION  FROM  ITS  1  MHz  VALUE  IS 
FIRST  DETECTED. 

■  MAXIMUM  Rfilier  REPRESENTS  THE  FILTER  RESISTOR 
VALUE  AT  WHICH  A  0.1  LSB  CHANGE  IN  FULL  SCALE  ERROR 
FROM  ITS  VALUE  AT  RflLTER  =  0S2  IS  FIRST  DETECTED. 
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pin  Funcnons 


LTC1293 


# 

PIN 

FUNCTION 

DESCRIPTION 

1-6 

CH0-CH5 

Analog  Inputs 

The  analog  inputs  must  be  free  of  noise  with  respect  to  AGND. 

7 

COM 

UUIIMMUil 

Tho  fnmmnn  nin  HafiriQC  tha  lord  raforonfo  n^int  fnr  oil  cinnla  onHari  inmi+e   It  mnet  ho  traa  nf  nnlca  qnrl  rp 
1  lie  CUIIIIIIUII  pill  Ueilllcb  tile  ZelU  Iclclclicc  pUIIIL  IUI  dll  suiyic  ciiueu  inputs.  11  II1USI  uc  irec  01  IIOISc  dllU  IS 

usually  tied  to  the  analog  ground  plane. 

8 

DGND 

Digital  Ground 

This  is  the  ground  for  the  internal  logic.  Tie  to  the  ground  plane. 

9 

V" 

Negative  Supply 

Tie  V"  to  most  negative  potential  in  the  circuit  (Ground  in  single  supply  applications). 

10 

AGND 

Analog  Ground 

AGND  should  be  tied  directly  to  the  analog  ground  plane. 

11 

Vref 

Ref.  Input 

The  reference  inputs  must  be  kept  free  of  noise  with  respect  to  AGND. 

12 

Din 

Data  Input 

The  A/D  configuration  word  is  shifted  into  this  input. 

13 

DOUT 

Digital  Data  Output 

The  A/D  conversion  result  is  shifted  out  of  this  output. 

14 

CS 

Chip  Select  Input 

A  logic  low  on  this  input  enables  data  transfer. 

15 

CLK 

Clock 

This  clock  synchronizes  the  serial  data  transfer  and  controls  A/D  conversion  rate. 

16 

Vcc 

Positive  supply 

This  supply  must  be  kept  free  of  noise  and  ripple  by  bypassing  directly  to  the  analog  ground  plane. 

LTC1294 

■ 

# 

PIN 

FUNCTION 

DESCRIPTION 

1  -8 

CH0-CH7 

Analog  Inputs 

The  analog  inputs  must  be  free  of  noise  with  respect  to  AGND. 

9 

COM 

Common 

The  common  pin  defines  the  zero  reference  point  for  all  single  ended  inputs.  It  must  be  free  of  noise  and  is 

usually  tied  to  the  analog  ground  plane. 

10 

DGND 

Digital  Ground 

This  is  the  ground  for  the  internal  logic.  Tie  to  the  ground  plane. 

11 

r 

Negative  Supply 

Tie  V"  to  most  negative  potential  in  the  circuit  (Ground  in  single  supply  applications). 

12 

AGND 

Analog  Ground 

AGND  should  be  tied  directly  to  the  analog  ground  plane. 

13,14 

REF",  REF+ 

Ref.  Inputs 

The  reference  inputs  must  be  kept  free  of  noise  with  respect  to  AGND.  The  A/D  sees  a  reference  voltage  equal 

to  the  difference  between  REF+  and  REF". 

15 

Din 

Data  Input 

The  A/D  configuration  word  is  shifted  into  this  input. 

16 

DoUT 

Digital  Data  Output 

The  A/D  conversion  result  is  shifted  out  of  this  output. 

17 

CS 

Chip  Select  Input 

A  logic  low  on  this  input  enables  data  transfer. 

18 

CLK 

Clock 

This  clock  synchronizes  the  serial  data  transfer  and  controls  A/D  converion  rate. 

19,20 

AVcc,  DVCC 

Positive  Supplies 

These  supplies  must  be  kept  free  of  noise  and  ripple  by  bypassing  directly  to  the  analog  ground  plane.  AVCc 

and  DVCc  must  be  tied  together. 

LTC1296 

# 

PIN 

FUNCTION 

DESCRIPTION 

1  -8 

CH0-CH7 

Analog  Inputs 

The  analog  inputs  must  be  free  of  noise  with  respect  to  AGND. 

9 

COM 

Common 

The  common  pin  defines  the  zero  reference  point  for  all  single  ended  inputs.  It  must  be  free  of  noise  and  is 

usually  tied  to  the  analog  ground  plane. 

10 

DGND 

Digital  Ground 

This  is  the  ground  for  the  internal  logic.  Tie  to  the  ground  plane. 

11 

r 

Negative  Supply 

Tie  V"  to  most  negative  potential  in  the  circuit  (Ground  in  single  supply  applications). 

12 

AGND 

Analog  Ground 

AGND  should  be  tied  directly  to  the  analog  ground  plane. 

13,14 

REF",  REF+ 

Ref.  Inputs 

The  reference  inputs  must  be  kept  free  of  noise  with  respect  to  AGND.  The  A/D  sees  a  reference  voltage  equal 

to  the  difference  between  REF*  and  REF". 

15 

D|N 

Data  Input 

The  A/D  configuration  word  is  shifted  into  this  input. 

16 

DoUT 

Digital  Data  Output 

The  A/D  conversion  result  is  shifted  out  of  this  output. 

17 

CS 

Chip  Select  Input 

A  logic  low  on  this  input  enables  data  transfer. 

18 

CLK 

Clock 

This  clock  synchronizes  the  serial  data  transfer  and  controls  A/D  conversion  rate. 

19 

sso 

System  Shutdown 
Output 

System  Shutdown  Output  pin  will  go  low  when  power  shutdown  is  requested. 

20 

Vcc 

Positive  Supply 

This  supply  must  be  kept  free  of  noise  and  ripple  by  bypassing  directly  to  the  analog  ground  plane. 

LTC1293/LTC1294/LTC1296 


DVCC 
AVCC 

Bin 


INPUT 
SHIFT 
REGISTER 


2 

cm  — 

CH2  - 
4 

CH3  — 
CH4  — 


CH7  — 
COM  — 


ANALOG 
INPUT  MUX 


I11 

r 


;  refer  to  LTC1294) 


SAMPLE 
AND 
HOLD 


AGND 


12-BIT 
CAPACITIVE 
DAC 


REF- 


1 1 2  1 1 3  1 14 


OUT 
SF 
REG 

PUT 

in 

STER 

12-BIT 
SAR 


CONTROL 

AND 
TIMING 


DOUT 


cs 


T€ST  CIRCUITS 

Load  Circuit  for  tdDo>  tt  and  tf 


1.4V 

«3ka 

DouT 

^  100pF 

Load  Circuit  for  tenSS0  and  tdjEss6 


1.4V 

<  3kQ 

-  TEST  POINT 

~  100pF 

LTC12M  TCOfl 

Load  Circuit  tor  tdls  and  te„ 

TEST  POINT 


DOUT 

3k 

—  100pF 

5V  tjjS  WAVEFORM  2,  te„ 
WAVEFORM  1 


On  and  Off  Channel  Leakage  Current 
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T€ST  CIRCUITS 

cs  \_ 


CLK 


DOUT 


Voltage  Waveforms  for  ten 


Voltage  Waveform  for  tdissso 


-  0.8V 

tdisSSO 

7 

'2.4V 

Voltage  Waveform  for  D0UT  Rise  and  Fall  Times,  tr,  tf 


DOUT 


-  2.4V 
--  0.4V 


Voltage  Waveform  for  for  tens"so 


m  0.8V 

II 

sso 


Voltage  Waveform  for  D0Ut  Delay  Time,  tdD0 


CLK  \ 

0.8V 

'dOO 

DOUT 


2.4V 
0.4V 


CS 


DOUT 
WAVEFORM  1 
(SEE  NOTE  1) 

DOUT 
WAVEFORM  2 
(SEE  NOTE  2) 


Voltage  Waveform  for  tdis 


tdis 


NOTE  1:  WAVEFORM  1  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH 
THAT  THE  OUTPUT  IS  HIGH  UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL. 
NOTE  2:  WAVEFORM  2  IS  FOR  AN  OUTPUT  WITH  INTERNAL  CONDITIONS  SUCH 
THAT  THE  OUTPUT  IS  LOW  UNLESS  DISABLED  BY  THE  OUTPUT  CONTROL. 
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nppucflTions  inFOfimnnon 

The  LTC  1293/4/6  is  a  data  acquisition  component  which 
contains  the  following  functional  blocks: 

1. 12-bit  successive  approximation  capacitive  A/D 
converter 

2.  Analog  multiplexer  (MUX) 

3.  Sample  and  hold  (S/H) 

4.  Synchronous,  half  duplex  serial  interface 

5.  Control  ar 


DIGITAL  CONSIDERATIONS 
Serial  Interface 

The  LTC1 293/4/6  communicates  with  microprocessors 
and  otherexternal  circuitry  viaa  synchronous,  half  duplex, 
four-wire  serial  interface  (see  Operating  Sequence).  The 
clock  (CLK)  synchronizes  the  data  transfer  with  each  bit 
being  transmitted  on  the  falling  CLK  edge  and  captured  on 
the  rising  CLK  edge  in  both  transmitting  and  receiving 
systems.  The  input  data  is  first  received  and  then  the  A/D 
conversion  result  is  transmitted  (half  duplex).  Because  of 


cs 


INPUT  DATA  WORD 


The  LTC1 293/4/6  seven-bit  data  word  is  clocked  into  the 
D|N  input  on  the  rising  edge  of  the  clock  after  chip  select 
goes  low  and  the  start  bit  has  been  recognized.  Further 
inputs  on  the  DM  pin  are  then  ignored  until  the  next  CS 
cycle.  The  input  word  is  defined  as  follows: 


UNIPOLAR/ 
BIPOLAR 

POWER 
SHUTDOWN 

START 

SGLV 
DIFF 

ODD/ 
SIGN 

SELECT 
1 

SELECT 
0 

UNI 

MSBF 

PS 

MSB  FIRST/ 
LSB  FIRST 


Start  Bit 

The  first  "logical  one"  clocked  into  the  D|N  input  after  CS 
goes  low  is  the  start  bit.  The  start  bit  initiates  the  data 
transfer  and  all  leading  zeroes  which  precede  this  logical 
one  will  be  ignored.  After  the  start  bit  is  received  the 
remaining  bits  of  the  input  word  will  be  clocked  in.  Further 
inputs  on  the  D|N  pin  are  then  ignored  until  the  next  CS 
cycle. 


D,N  1 


|  P|H2 


Dout1 


SHIFT  MUX  1  NULL 
ADDRESS  IN  BIT 


SHIFT  A/D  CONVERSION 
RESULT  OUT 


the  half  duplex  operation  and  Dout  may  be  tied 
together  allowing  transmission  over  just  3  wired:  CS,  CLK 
and  DATA(D|n/Dout)-  Data  transfer  is  initiated  by  a  falling 
chip  select  (CS)  signal.  After  CS  falls  the  LTC1 293/4/6 
looks  for  a  start  bit.  After  the  start  bit  is  received  a  7-bit 
input  word  is  shifted  into  the  D|N  input  which  configures 
the  LTC1293/4/6  and  starts  the  conversion.  After  one  null 
bit,  the  result  of  the  conversion  is  output  on  the  D0ut  line. 
With  the  half  duplex  serial  interface  the  Dout  data  is  from 
the  current  conversion.  After  the  end  of  the  data  exchange 
CS  should  be  brought  high.  This  resets  the  LTC1 293/4/6 
in  preparation  for  the  next  data  exchange. 


Oout2 


MUX  Address 

The  four  bits  of  the  input  word  following  the  START  BIT 
assign  the  MUX  configuration  for  the  requested  conver- 
sion. For  a  given  channel  selection,  the  converter  will 
measure  the  voltage  between  the  two  channels  indicated 
by  the  +  and  -  signs  in  the  selected  row  of  the  following 
table.  Note  that  in  differential  mode  (SGL/DIFF  =  0)  mea- 
surements are  limited  to  four  adjacent  input  pairs  with 
either  polarity.  In  single  ended  mode,  all  input  channels 
are  measured  with  respect  to  COM.  Only  the  +inputs  have 
sample  and  holds.  Signals  applied  at  the  -inputs  must  not 
change  more  than  the  required  accuracy  during  the  con- 
version. 
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Table  1a.  LTC1294/6  Multiplexer  Channel  Selection 


MUX  ADDRESS 

DIFFERENTIAL  CHANNEL  SELECTION 

MUX  ADDRESS 

SINGLE-ENDED  CHANNEL  SELECTION 

SGL/ 
DIFF 

ODD 
SIGN 

SELECT 
1  0 

0 

1 

2 

3 

4 

5 

6 

7 

SGL/ 
DIFF 

ODD 
SIGN 

SELECT 
1  0 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

0 

0 

0  0 

+ 

1 

0 

0  0 

+ 

0 

0 

0  1 

+ 

1 

0 

0  1 

+ 

0 

0 

1  0 

+ 

1 

0 

1  0 

+ 

0 

0 

1  1 

+ 

1 

0 

1  1 

+ 

0 

1 

0  0 

+ 

1 

1 

0  0 

+ 

0 

1 

0  1 

+ 

1 

1 

0  1 

+ 

0 

1 

1  0 

+ 

1 

1 

1  0 

+ 

0 

1 

1  1 

+ 

1 

1 

1  1 

+ 

Table  1b.  LTC1293  Channel  Selection 


MUX  ADDRESS 

DIFFERENTIAL  CHANNEL  SELECTION 

MUX  ADDRESS 

SINGLE-ENDED  CHANNEL  SELECTION 

SGL/ 
DIFF 

ODD 
SIGN 

SELECT 
1  0 

0 

1 

2 

3 

4 

5 

SGL/ 
DIFF 

ODD 
SIGN 

SELECT 
1  0 

0 

1 

2 

3 

4 

5 

COM 

0 

0 

0  0 

+ 

1 

0 

0  0 

+ 

0 

0 

0  1 

+ 

1 

0 

0  1 

+ 

0 

0 

1  0 

1 

0 

1  0 

+ 

0 

0 

1  1 

Not  Used 

1 

0 

1  1 

Not  Used 

0 

1 

0  0 

+ 

1 

1 

0  0 

+ 

0 

1 

0  1 

+ 

1 

1 

0  1 

+ 

0 

1 

1  0 

+ 

1 

1 

1  0 

+ 

0 

1 

1  1 

Not  Used 

1 

1 

1  1 

Not  Used 

Unipolar/Bipolar  (UNI) 

The  UNI  bit  determines  whether  the  conversion  will  be 
unipolar  or  bipolar.  When  UNI  is  a  logical  one,  a  unipolar 
conversion  will  be  performed  on  the  selected  input  volt- 


age. When  UNI  is  a  logical  zero,  a  bipolar  conversion  will 
result.  The  input  span  and  code  assignment  for  each 
conversion  type  are  shown  in  the  figures  below: 


Unipolar  Transfer  Curve  (UNI  =  1 ) 


OUTPUT  CODE 

INPUT  VOLTAGE 

INPUT  VOLTAGE 
(VREF  =  5V) 

111111111111 
111111111110 

000000000001 
000000000000 

VREF-1LSB 
Vref-2LSB 

1LSB 

ov 

4.9988V 
4  9976V 

0.001 2V 
OV 

Unipolar  Output  Code  (UNI  =  1) 


000000000000 


  r 

h  \  i — 

 1  ► 
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Bipolar  Transfer  Curve  (UNI  =  0) 


OUTPUT  CODE 

INPUT  VOLTAGE 

INPUT  VOLTAGE 
(VBEF  =  5V) 

OUTPUT  CODE 

INPUT  VOLTAGE 

INPUT  VOLTAGE 
(Vref  =  5V) 

011111111111 
011111111110 

Vref-1LSB 
VREF-2LSB 

4.9976V 
4.9851V 

111111111111 
111111111110 

-1LSB 
-2LSB 

-0.0024V 
-0.0048V 

000000000001 
000000000000 

1LSB 
OV 

O0024V 
OV 

100000000001 
100000000000 

HVREF)  +  1LSB 
-(Vref) 

-4.9976V 
-5.00000V 

LTCIttlAJWi 

Bipolar  Output  Code  (UNI  =  0) 


The  following  discussion  will  demonstrate  how  the  two 
reference  pins  are  to  be  used  in  conjunction  with  the 
analog  input  multiplexer.  In  unipolar  mode  the  input  span 
of  the  A/D  is  set  by  the  difference  in  voltage  on  the  REF+  pin 
and  the  REF"  pin.  In  the  bipolar  mode  the  input  span  is 
twice  the  difference  in  voltage  on  the  REF+  pin  and  the 
REF"  pin.  In  the  unipolar  mode  the  lower  value  of  the  input 
span  is  set  by  the  voltage  on  the  COM  pin  for  single-ended 
inputs  and  by  the  voltage  on  the  minus  input  pin  for 
differential  inputs.  For  the  bipolar  mode  of  operation  the 
voltage  on  the  COM  pin  or  the  minus  input  pin  set  the 
center  of  the  input  span. 

The  upper  and  lower  value  of  the  input  span  can  now  be 
summarized  in  the  following  table: 


INPUT 

CONFIGURATION 

UNIPOLAR  MODE 

BIPOLAR  MODE 

Single-Ended 

Lower  Value 
Upper  Value 

COM 

(REF*- REF")  +  COM 

-(REF*- REF")  +  COM 
(REF*  -  REF")  +  COM 

Differential 

Lower  Value 
Upper  Value 

IB" 

(REF* -REF")  +  IN- 

-(REF* -REF")  +  IN" 
(REF*  -  REF")  +  IN" 

The  reference  voltages  REF+  and  REF-  can  fall  between 
Vrx  and  V-,  but  the  difference  (REF+  -REF")  must  be  less 
than  or  equal  to  Vnrj.  The  input  voltages  must  be  less  than 
or  equal  to  Vrjc  and  greater  than  or  equal  to  V".  For  the 
LTC1293  REF"  =  0V. 

The  following  examples  are  for  a  single-ended  input  con- 
figuration. 

Example  1:  Let  Vcc  =  5V,  V"  =  OV,  REF+  =  4V,  REF"  =  1V 
and  COM  =  OV.  Unipolar  mode  of  operation.  The  resulting 
input  span  is  0V<  IN+<3V. 
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Example  2:  The  same  conditions  as  Example  1  except 
COM  =  1 V.  The  resulting  input  span  is  1 V  <  ll\T  <  4V.  Note 
if  IN+  >  4V  the  resulting  D0ut  word  is  all  1  's.  If  IN+  <  1 V 
then  the  resulting  Dout  word  is  all  O's. 

Example  3:  Let  Vcc  =  5V,  V"  =  -5V,  REF+  =  4V,  REF-  =  1 V 
and  COM  =  1V.  Bipolar  mode  of  operation.  The  resulting 
input  span  is  -2V  <  IN+<4V. 

For  differential  input  configurations  with  the  same  condi- 
tions as  in  the  above  three  examples  the  resulting  input 
spans  are  as  follows: 

Example  1  (Diff.):lf\T 
Example  2  (Diff.):  IN 
Example  3  (Diff.):  IN 


IN  <  IN 
IN+<  IN 
3V  <  IN' 


"+3V. 
"  +  3V. 
<  IN"  +  3V. 


MSB-First/LSB-First  (MSBF) 

The  output  data  of  the  LTC1 293/4/6  is  programmed  for 
MSB-first  or  LSB-first  sequence  using  the  MSB  bit.  When 
the  MSBF  bit  is  a  logical  one,  data  will  appear  on  the  Dout 
line  in  MSB-first  format.  Logical  zeroes  will  be  filled  in 
indefinitely  following  the  last  data  bit  to  accommodate 
longer  word  lengths  required  by  some  microprocessors. 
When  the  MSBF  bit  is  a  logical  zero,  LSB  first  data  will 
follow  the  normal  MSB  first  data  on  the  Dout  !ine-  In the 
bipolar  mode  the  sign  bit  will  fill  in  after  the  MSB  bit  for 
MSBF  =  0  (see  Operating  Sequence). 

Power  Shutdowns  (PS) 

The  power  shutdown  feature  of  the  LTC1 293/4/6  is  acti- 
vated by  making  the  PS  bit  a  logical  zero.  If  CS  remains  low 
after  the  PS  bit  has  been  received,  a  1 2-bit  Dqut  word  with 


Operating  Sequence  _ 
Example:  Differential  Inputs  (CH4+,  CH5~),  Unipolar  Mode 


MSB-FIRST  DATA  (MSBF  =  1) 


-<CYC  - 


CLK 


/DON'T^ 
CARE 


START        SEL1  UNi 

-mn  nr 

SGL/  ODD/  SELO 


^  tSMPL  — 

MSB-FIRST  DATA  (MSBF  ■  0) 


CS 


DON'T  CARE 
c  <  i  <  <  < 


- tCONV  " 


JITU 

FILLED  WITH  ZEROES  p 

-  tcrc  - 


CLK 


Din 


START        SEL1      UNI  PS 


;dont-; 

^  CARE  / 


Dout 


Hl-Z 


SGL/  ODD/  SELO 
DIFF  SIGN 


1SMPL 




DON'T  CARE  ' 


xJiiiJiJiJiJT_LnjiJirLJi 


"  tCONV  " 


FILLED  WITH 
ZEROES  I — 
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Power  Shutdown  Operating  Sequence 
Example:  Differential  inputs  (CH4*,  CH5~),  Unipolar  Mode  and  MSB-First  Data 


~" |  REQUEST  POWER  SHUTDOWN  |SHUTD0WN-|_ 


NEW  CONVERSION  BEGINS 


«  MIJUUUUUUUUUUUUIJUUI^   ^JUIMUIMUUL 

START        SEL1     UNI       PS  „  START        SEL1     UNI  PS 


*mr\  n  n  w//////////^  n  n 

SEL1/  ODD/  SELO   MSBF  nH,  n„  SEL1/  ODD/  SELO 

DIFF  SIGN  B11   BO   FILLED  DIFF  SIGN 

n   HWZ   WITH    HI-2   r 

°OUT   LJ  ZEROES   |  »  Lj 


•STOPPING  THE  CLOCK  WILL  HELP  REDUCE  POWER  CONSUMPTION. 
CS  CAN  BE  BROUGHT  HIGH  ONCE  THE  DIN  WORD  HAS  BEEN  CLOCKED  IN. 


all  logical  _ones  will  be  shifted  out  followed  by  logical 
zeroes  till  CS  goes  high.  Then  the  Dout  line  will  go  into  its 
high  impedance  state.  The  LTCJ  293/4/6  will  remain  in  the 
shutdown  mode  till  the  next  CS  cycle.  There  is  no  warm- 
up  or  wait  period  required  after  coming  out  of  the  power 
shutdown  cycle  so  a  conversion  can  commence  after  CS 
goes  low  (see  Power  Shutdown  Operating  Sequence).  The 
LTC1 296  has  a  System  Shutdown  Output  pin  (SSO)  which 
will  go  low  when  power  shutdown  is  activated.  The  pin  will 
stay  low  till  next  CS  cycle. 

Microprocessor  Interfaces 

The  LTC1 293/4/6  can  interface  directly  (without  external 
hardware)  to  most  popular  microprocessors  (MPU)  syn- 
chronous serial  formats  (see  Table  1 ).  If  an  MPU  without 
a  dedicated  serial  port  is  used,  then  three  of  the  MPU's 
parallel  port  lines  can  be  programmed  to  form  the  serial 
link  to  the  LTC1 293/4/6.  Included  here  are  one  serial 
interface  example  and  one  example  showing  a  parallel 
port  programmed  to  form  the  serial  interface. 

Microprocessor  Interfaces 

The  LTC1 293/4/6  can  interface  directly  (without  external 
hardware)  to  most  popular  microprocessors  (MPU)  syn- 
chronous serial  formats  (see  Table  1 ).  If  an  MPU  without 
a  dedicated  serial  port  is  used,  then  three  of  the  MPU's 
parallel  port  lines  can  be  programmed  to  form  the  serial 
link  to  the  LTC1 293/4/6. 


Table  1.  Microprocessor  with  Hardware  Serial  Interfaces  Compat- 
ible with  the  LTC1 293/4/6" 


PART  NUMBER 

Motorola 

MC6805S2,  S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA 

CDP68HC05 

SPI 

Hitachi 

HD6305 

SCI  Synchronous 

HD6301 

SCI  Synchronous 

HD63701 

SCI  Synchronous 

HD6303 

SCI  Synchronous 

HD64180 

SCI  Synchronous 

National  Semiconductor 

COP400  Family 

MICROWIRE' 

C0P800  Family 

MCROWIRE/PLUS' 

NS8050U 

MICROWIRE/PLUS 

HPC16000  Family 

MICROWIRE/PLUS 

Texas  Instruments 

TMS7002 

Serial  Port 

TMS7042 

Serial  Port 

TMS70C02 

Serial  Port 

TMS70C42 

Serial  Port 

TMS32011* 

Serial  Port 

TMS32020* 

Serial  Port 

TMS370C050 

SPI 

*  Requires  external  hardware 


**  Contact  factory  for  interface  information  for  processors  not  on  this  list 
*  MICROWIRE  and  MICROWIRE/PLUS  are  trademarks  of  National 
Semiconductor  Corp. 
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Motorola  SPI  (MC68HC11) 

The  MC68HC1 1  has  been  chosen  as  an  example  of  an  MPU 
with  a  dedicated  serial  port.  This  MPU  transfers  data  MSB- 
first  and  in  8-bit  increments.  The  Din  word  sent  to  the  data 
register  starts  the  SPI  process.  With  three  8-bit  transfers, 
the  A/D  result  is  read  into  the  MPU.  The  second  8-bit 
transfer  clocks  B11  through  B8  of  the  A/D  conversion 
result  into  the  processor.  The  third  8-bit  transfer  clocks 
the  remaining  bits  B7  through  BO  into  the  MPU.  The  data 
is  right  justified  in  the  two  memory  locations.  ANDing  the 
second  byte  with  ODhex  clears  the  four  most  significant 
bits.  This  operation  was  not  included  in  the  code.  It  can 
be  inserted  in  the  data  gathering  loop  or  outside  the  loop 
when  the  data  is  processed. 


Interfacing  to  the  Parallel  Port  of  the  Intel  8051  Family 

The  Intel  8051  has  been  chosen  to  show  the  interface 
between  the  LTC1 293/4/6 jind  parallel  port  microproces- 
sors. Usually  the  signals  CS,  D!N  and  CLK  are  generated 
on  three  port  lines  and  the  Dout  signal  is  read  on  a  fourth 
port  line.  This  works  very  well.  One  can  save  a  line  by  tying 
the  Dim  and  D0UT  lines  together.  The  8051  first  sends  the 
start  bit  and  Din  to  the  LTC1 294  over  the  line  connected  to 
P1 .2.  Then  P1 .2  is  reconfigured  as  an  input  and  the  8051 
reads  back  the  1 2-bit  A/D  result  over  the  same  data  line. 


Data  Exchange  Between  LTC1294  and  MC68HC11 


r 


«_ruinjiTLJiJULJi^^ 


Dour  ■ 


MPU 
TRANSMIT 
WORD 

0 

0 

0 

SGL 

ODD 

?.E. 
1 

St, 
0 

UNI 

MSBF 

PS 

X 

X 

X 

X 

X 

BYTE  1 

BYTE  2 

MPU 
RECEIVED 
WORD 

7 

? 

7 

? 

1 

7 

? 

7 

7 

? 

7 

0 

Bit 

BIO 

B9 

Be 

X 

X 

X 

X ' 

X 

X 

X 

BYTE  3  (DUMMY) 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

Hardware  and  Software  Interface  to  Motorola  MC68HC11 


D0UT  FROM  LTC1294  STORED  ON  MC68HC11  RAM 

MSB 


#62 

0 

0 

B8 

LSB 

#63 

B7 

66 

B5 

64 

B3 

B2 

B1 

BO 

ANALOG 
INPUTS 


BYTE  2 


I  


LTC1294 


Din 

^OUT 


DO 
SCK 
MOSI 
MISO 


MC68HC11 
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MC68HC11  CODE 


LABEL 

MNtmUNIl 

UrtnANU 

bUMIVItN  1  o 

1  ADCI 
LAHtL 

MMCMnMlf 

MNtMUNIU 

UrtnANU 

PniUMEMTC 
UUIVIIvltN  1  o 

i  nAA 

#$50 

PDNFIRIIRATinW  DATA  FDR  SPHR 

CTA  A 

ti  no  a 

$  I  UiiH 

i  nan  niiu  imth  qpi  qtart  qcu 

STAA 

$1028 

LUAU  UAIA  IIMIU  orun  (J&iUio) 

WAIT2 

LDAA 

$1029 

CHECK  SPI  STATUS  REG 

LUAA 

ff  3)  I  D 

rriMFin  nATA  for  port  n  nnR 
uuiMriu.  UrtiM  run  run  i  u  uun 

BPL 

WAI  I  I 

LnbUK  Ir  1  HANorbH  lo  UUNt 

STAA 

$1009 

LOAD  DATA  INTO  PORT  D  DDR 

LDAA 

$102A 

LOAD  LTC1 294  MSBs  INTO  ACC  A 

LDAA 

#$10 

LOAD  DIN  WORD  INTO  ACC  A 

STAA 

$62 

STORE  MSBs  IN  $62 

STAA 

$50 

LOAD  DIN  DATA  INTO  $50 

LDAA 

$52 

LOAD  DUMMY  DIN  INTO  ACC  A  FROM 

LDAA 

#$E0 

LOAD  DIN  WORD  INTO  ACC  A 

$52 

STAA 

$51 

LOAD  DIN  DATA  INTO  $51 

STAA 

$102A 

LOAD  DUMMY  DIN  INTO  SPI,  START 

LDAA 

#$00 

LOAD  DUMMY  DIN  WORD  INTO  ACC  A 

SCK 

STAA 

$52 

LOAD  DUMMY  DIN  DATA  INTO  $52 

WAIT3 

LDAA 

$1029 

CHECK  SPI  STATUS  REG 

LDX 

#$1000 

LOAD  INDEX  REGISTER  X  WITH  $1000 

BPL 

WAIT3 

CHECK  IF  TRANSFER  IS  DONE 

LOOP 

BCLR 

$08,X,$01 

DO  GOES  LOW  (CS  GOES  LOW) 

BSET 

$08,X,$01 

DO  GOES  HIGH  (CS  GOES  HIGH) 

LDAA 

$50 

LOAD  DIN  INTO  ACC  A  FROM  $50 

LDAA 

$102A 

LOAD  LTC1 294  LSBslNACC 

STAA 

$102A 

LOAD  DIN  INTO  SPI,  START  SCK 

STAA 

$63 

STORE  LSBs  IN  $63 

LDAA 

$1029 

CHECK  SPI  STATUS  REG 

WAIT1 

BPL 

WAIT1 

CHECK  IF  TRANSFER  IS  DONE 

JMP 

LOOP 

START  NEXT  CONVERSION 

LDAA 

$51 

LOAD  DIN  INTO  ACC  A  FROM  $51 

Hardware  and  Software  Interface  to  Intel  8051 

PS  BIT  LATCHED 
INTO  LTC1294 

CS       \  I  


I     V.  SGL/    ODD/     SEL      SEL   I  ?77\       /~VB10/""\  B8  l~\  B6  f\  B4  /""V  B2  /""V  B0 

(B.Xuri         (u)P'FF    Sd       1  °—/  "  PS M^B1i\7b9\7b7\7b5\7b3\7bi\J- 


8051  P1.2  OUTPUT  DATA  I     I  LTC1294  SEND  A/D  RESULT 

T0LTC1294  '     '  BACK  TO  8051  P1  2 


8051  P1. 2  RECONFIGURED  "i     ->         LTC1294  TAKES  CONTROL  OF  DATA 

AS  INPUT  AFTER  THE  8TH  RISING  LINE  ON  8TH  FALLING  CLK 

CLK  BEFORE  THE  8TH  FALLING  CLK 


Hardware  and  Software  Interface  to  Intel  8051 


Dqut  f"OM  LTC1294  STORED  IN  8051  RAM 
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8051  CODE 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

SETB 

P1.4 

CS  GOES  HIGH 

CLR 

P1.3 

CLK  GOES  LOW 

CONT 

MOV 

A,#87H 

DIN  WORD  FOR  LTC1 294 

CLR 

A 

CLEAR  ACC 

CLR 

P1.4 

CS  GOES  LOW 

RLC 

A 

ROTATE  DATA  BIT  (B3)  INTO  ACC 

MOV 

R4,#08H 

LOAD  COUNTER 

MOV 

C.P1.2 

READ  DATA  BIT  INTO  CARRY 

L00P1 

RLC 

A 

ROTATE  DIN  BIT  INTO  CARRY 

RLC 

A 

ROTATE  DATA  BIT  (B2)  INTO  ACC 

CLR 

P1.3 

CLK  GOES  LOW 

SETB 

P1.3 

CLK  GOES  HIGH 

MOV 

P1.2.C 

OUTPUT  DIN  BIT  TO  LTC1294 

CLR 

P1.3 

CLK  GOES  LOW 

SETB 

P1.3 

CLK  GOES  HIGH 

MOV 

CP1.2 

READ  DATA  BIT  INTO  CARRY 

DJNZ 

R4.L00P1 

NEXT  DIN  BIT 

RLC 

A 

ROTATE  DATA  BIT  (B1)  INTO  ACC 

MOV 

P1,#04H 

P1.2  BECOMES  AN  INPUT 

SETB 

P1.3 

CLK  GOES  HIGH 

CLR 

P1.3 

CLK  GOES  LOW 

CLR 

P1.3 

CLK  GOES  LOW 

MOV 

R4,#09H 

LOAD  COUNTER 

MOV 

CP1.2 

READ  DATA  BIT  INTO  CARRY 

LOOP 

MOV 

CP1.2 

READ  DATA  BIT  INTO  CARRY 

SETB 

P1.4 

CS  GOES  HIGH 

RLC 

A 

ROTATE  DATA  BIT  (B3)  INTO  ACC 

RRC 

A 

ROTATE  DATA  BIT  (BO)  INTO  ACC 

SETB 

P1.3 

CLK  GOES  HIGH 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

CLR 

P1.3 

CLK  GOES  LOW 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

DJNZ 

R4.L00P 

NEXT  DOUT  BIT 

RRC 

A 

ROTATE  RIGHT  INTO  ACC 

MOV 

R2.A 

STORE  MSBs  IN  R2 

MOV 

R3.A 

STORE  LSBs  IN  R3 

MOV 

C.P1.2 

READ  DATA  BIT  INTO  CARRY 

AJMP 

CONT 

START  NEXT  CONVERSION 

SETB 

P1.3 

CLK  GOES  HIGH 

2     1  0 
OUTPUT  PORT 
SERIAL  DATA 


MPU 


3-WIRE  SERIAL 
INTERFACE  TO  OTHER 
PERIPHERALS  OR  LTC1293/4/6S 


8  CHANNELS       8  CHANNELS      8  CHANNELS 

Figure  3.  Several  LTC1294  Sharing  One  3-Wire  Serial  Interface 


Sharing  the  Serial  Interface 

The  LTC1 293/4/6  can  share  the  same  3-wire  serial  inter- 
face with  other  peripheral_components  or  other  LTC1 293/ 
4/6's  (Figure  3).  Now,  the  CS  signals  decide  which  LTC1 293/ 
4/6  is  being  addressed  by  the  MPU. 

ANALOG  CONSIDERATIONS 
Grounding 

The  LTC1 293/4/6  should  be  used  with  an  analog  ground 
plane  and  single  point  grounding  techniques.  Do  not  use 
wire  wrapping  techniques  to  breadboard  and  evaluate  the 


device.  To  achieve  the  optimum  performance  use  a  PC 
board.  The  analog  ground  pin  (AGND)  should  be  tied 
directly  to  the  ground  plane  with  minimum  lead  length  (a 
low  profile  socket  is  fine).  The  digital  ground  pin  (DGND) 
also  can  be  tied  directly  to  this  ground  pin  because 
minimal  digital  noise  is  generated  within  the  chip  itself. 
Vcc  should  be  bypassed  to  the  ground  plane  with  a  22liF 
(minimum  value)  tantalum  with  leads  as  short  as  possible 
and  as  close  as  possible  to  the  pin.  A  0.1  pF  ceramic  disk 
also  should  be  placed  in  parallel  with  the  22liF  and  again 
with  leads  as  short  as  possible  and  as  close  to  VCc  as 
possible.  AVcc  and  DVCc  should  be  tied  together  on  the 
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LTC1 294.  Figure  4  shows  an  example  of  an  ideal  LTC1 293/ 
4/6  ground  plane  design  for  a  two  sided  board.  Of  course 
this  much  ground  plane  will  not  always  be  possible,  but 
users  should  strive  to  get  as  close  to  this  ideal  as  possible. 


22|iF 
TANTALUM 


Z 

rz 
z 
z 
z 


Z 
□ 
Z 
□ 

z 


0-V 
CERAMIC 


0  1(lF 

CERAMIC 

DISK 


HORIZONTAL:  1  Oms/DIV 

Figure  5.  Poor  Vqc  Bypassing. 

Noise  and  Ripple  Can  Cause  A/D  Errors. 


HORIZONTAL:  10Ms/DIV 

Figure  6.  Good  Vcc  Bypassing  Keeps  Noise 
and  Ripple  on  VCc  Below  1mV 


Figure  4.  Ground  Plane  for  the  LTC1 293/4/6 
Bypassing 

For  good  performance,  VCc  must  be  free  of  noise  and 
ripple.  Any  changes  in  the  Vcc  voltage  with  respect  to 
ground  during  a  conversion  cycle  can  induce  errors  or 
noise  in  the  output  code.  Vcc  n°ise  ar|d  ripple  can  be  kept 
below  0.5mV  by  bypassing  the  Vcc  Pin  directly  to  the 
analog  ground  plane  with  a  minimum  of  22pF  tantalum 
capacitor  and  with  leads  as  short  as  possible.  The  lead 
from  the  device  to  the  Vcc  supply  also  should  be  kept  to  a 
minimum  and  the  Vcc  supply  should  have  a  low  output 
impedance  such  as  obtained  from  a  voltage  regulator 
(e.g.,  LT323A).  For  high  frequency  bypassing  a  0.1  pF 
ceramic  disk  placed  in  parallel  with  the  22pF  is  recom- 
mended. Again  the  leads  should  be  kept  to  a  minimum. 
Figure  5  and  6  show  the  effects  of  good  and  poor  Vcc 
bypassing. 


Analog  Inputs 

Because  of  the  capacitive  redistribution  A/D  conversion 
techniques  used,  the  analog  inputs  of  the  LTC1 293/4/6 
have  capacitive  switching  input  current  spikes.  These 
current  spikes  settle  quickly  and  do  not  cause  a  problem. 
If  large  source  resistances  are  used  or  if  slow  settling  op 
amps  drive  the  inputs,  take  care  to  insure  the  transients 
caused  by  the  current  spikes  settle  completely  before  the 
conversion  begins. 


RSOURCE*  INPUT 

V|N+  — w»     t  Q- 
~ZC1 


V|N- 


RSOURCE"  INPUT 

— W.  J 


NPUT  ^ 


iLTC1 293/4/6 
6TH  CLKT 
/     Ron =500a 
«-(— o— VWi — i 
V  -1-  cm  = 

""I  CLKI  ~T~  100pF 


Figure  7.  Analog  Input  Equivalent  Circuit 
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Source  Resistance 

The  analog  inputs  of  the  LTC1 293/4/6  look  like  a  100pF 
capacitor  (Cum)  in  series  witn  a  50°fl  resistor  (Ron)-  Cin 
gets  switched  between  (+)  and  (-)  inputs  once  during  each 
conversion  cycle.  Large  external  source  resistors  and 
capacitances  will  slow  the  settling  of  the  inputs.  It  is 
important  that  the  overall  RC  time  constant  is  short 
enough  to  allow  the  analog  inputs  to  settle  completely 
within  the  allowed  time. 

"+"  Input  Settling 

The  input  capacitor  is  switched  onto  the "+"  input  during 
the  sample  phase  (tsMPL.  see  Figure  8).  The  sample  period 
21/2  CLK  cycles  before  a  conversion  starts.  The  voltage  on 
the  "+"  input  must  settle  completely  within  the  sample 
period.  Minimizing  Rsource+  and  CI  will  improve  the 
settling  time.  If  large "+"  input  source  resistance  must  be 
used,  the  sample  time  can  be  increased  by  using  a  slower 
CLK  frequency.  With  the  minimum  possible  sample  time 
of  2.5jus  Rsource+  <  1  -5kQ  and  C1  <  20pF  will  provide 
adequate  settling  time. 


"-"  Input  Settling 

Attheend  of  the  sample  phase  the  input  capacitor  switches 
to  the "-"  input  and  the  conversion  starts  (see  Figure  8). 
During  the  conversion,  the "+"  input  voltage  is  effectively 
"held"  by  the  sample  and  hold  and  will  not  affect  the 
conversion  result.  It  is  critical  that  the "-"  input  voltage  be 
free  of  noise  and  settle  completely  during  the  first  CLK 
cycle  of  the  conversion.  Minimizing  RsoiiRCE-and  C2  will 
improve  settling  time.  If  large "-"  input  source  resistance 
must  be  used  the  time  can  be  extended  by  using  a  slower 
CLKfrequency.  AtthemaximumCLKfrequencyof  1  MHz, 
Rsource-  <  250ii  and  C2  <  20pF  will  provii 
settling. 


Input  Op  Amps 

When  driving  the  analog  inputs  with  an  op  amp  it  is 
important  that  the  op  amp  settles  within  the  allowed  time 
(see  Figure  8).  Again  the "+"  and "-"  input  sampling  times 
can  be  extended  as  described  above  to  accommodate 
slower  op  amps.  Most  op  amps  including  the  LT1 006  and 
LT1013  single  supply  op  amps  can  be  made  to  settle 


"1 


CLK 


l     START      \/  f 


~X  msbf  X" 


tSMPL  " 


(*)  INPUT  MUST  SETTLE  DURING  THIS  TIME 


DOUT 

(+)  INPUT 
(-)  INPUT 


,  .  INPUT  MUST 
SETTLE  DURING  THIS  TIME 


\ 


L 


Figure  8.  V  and  "-"  Input  Settling  Windows 
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within  the  minimum  settling  windows  of  2.5liS  ("+"  input) 
and  1  ns("-"  input)  that  occurs  at  the  maximum  clock  rate 
of  1MHz.  Figures  9  and  10  show  examples  of  adequate 
and  poor  op  amp  settling. 


HORIZONTAL:  500ns/DIV 

Figure  9.  Adequate  Settling  of  Op  Amp  Driving  Analog  Input 


HORIZONTAL:  20pS/OlV 

Figure  10.  Poor  Op  Amp  Settling  Can  Cause  A/D  Errors 
RC  Input  Filtering 

It  is  possible  to  filter  the  inputs  with  an  RC  network  as 
shown  in  Figure  11.  For  large  values  of  Cp  (e.g.,  1liF)  the 
capacitive  input  switching  currents  are  averaged  into  a  net 
DC  current.  A  filter  should  be  chosen  with  a  small  resistor 
and  large  capacitor  to  prevent  DC  drops  across  the  resis- 
tor. The  magnitude  of  the  DC  current  is  approximately  Ipc 
=  100pF  x  V|N/tcYC  and  is  roughly  proportional  to  Vim. 
When  running  at  the  minimum  cycle  time  of  21  .5lis,  the 
input  current  equals  23/iA  at  Vim = 5V.  Here  a  filter  resistor 
of  5n  will  cause  0.1  LSB  of  full-scale  error.  If  a  larger  filter 
resistor  must  be  used,  errors  can  be  reduced  by  increasing 


"hlter  _!!£^ 

— 1_  Cm  ter 

LTC1 293/4/6 

UCtH3H1 


Figure  11.  RC  Input  Filtering 


the  cycle  time  as  shown  in  the  typical  performance  char- 
acteristic curve  Maximum  Filter  Resistor  vs  Cycle  Time. 

Input  Leakage  Current 

Input  leakage  currents  also  can  create  errors  if  the  source 
resistance  gets  too  large.  Forexample,  the  maximum  input 
leakage  specification  of  1  llA  (at  1 25°C)  flowing  through  a 
source  resistance  of  1  kQ  will  cause  a  voltage  drop  of  1  mV 
or  0.8LSB.  This  error  will  be  much  reduced  at  lower 
temperatures  because  leakage  drops  rapidly  (see  typical 
performance  characteristic  curve  Input  Channel  Leakage 
Current  vs  Temperature). 

SAMPLE  AND  HOLD 
Single-Ended  Input 

The  LTC1 293/4/6  provides  a  built-in  sample  and  hold 
(S&H)  function  for  all  signals  acquired  in  the  single-ended 
mode  (COM  pin  grounded).  The  sample  and  hold  allows 
the  LTC1 293/4/6  to  convert  rapidly  varying  signals  (see 
typical  performance  characteristic  curve  of  S&H  Acquisi- 
tion Time  vs  Source  Resistance).  The  input  voltage  is 
sampled  during  the  tsMPL  time  as  shown  in  Figure  8.  The 
sampling  interval  begins  as  the  bit  preceding  the  MSBF  bit 
is  shifted  in  and  continues  until  the  falling  edge  of  the  PS 
bit  is  received.  On  this  falling  edge  the  S&H  goes  into  the 
hold  mode  and  the  conversion  begins. 

Differential  Input 

With  a  differential  input  the  A/D  no  longer  converts  a 
single  voltage  but  converts  the  difference  between  two 
voltages.  The  voltage  on  the  selected "+"  input  is  sampled 
and  held  and  can  be  rapidly  time  varying.  The  voltage  on 
the "-"  pin  must  remain  constant  and  be  free  of  noise  and 
ripple  throughout  the  conversion  time.  Otherwise  the 
differencing  operation  will  not  be  done  accurately.  The 
conversion  time  is  12  CLK  cycles.  Therefore  a  change  in 
the  -IN  input  voltage  during  this  interval  can  cause  con- 
version errors.  For  a  sinusoidal  voltage  on  the  -IN  input 
this  error  would  be: 

\f  1 2  " 

VERROR  (MAX)  =  (27cf(-)VpEAK)  1  

^  CLK 

Where  f(_)  is  the  frequency  of  the "-"  input  voltage,  v>eak 
is  its  peak  amplitude  and  frjLK  is  the  frequency  of  the  CLK. 
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Usually  VERror  will  not  be  significant.  For  a  60Hz  signal 
on  the "-"  input  to  generate  a  0.25LSB  error  (300liV)  with 
the  converter  running  at  CLK = 1  MHz,  its  peak  value  would 
have  to  be  66mV.  Rearranging  the  above  equation  the 
maximum  sinusoidal  signal  that  can  be  digitized  to  a  given 
accuracy  is  given  as: 


'V, 


(-)MAX  ' 


ERROR  (MAX) 


2jcV, 


PEAK 


For  0.25LSB  error  (300liV)  the  maximum  input  sinusoid 
with  a  5V  peak  amplitude  that  can  be  digitized  is  0.8Hz. 
Unused  inputs  should  be  tied  to  the  ground  plane. 

Reference  Input 

The  voltage  on  the  reference  input  of  the  LTC1 293/4/6 
determines  the  voltage  span  of  the  A/D  converter.  The 
reference  input  has  transient  capacitive  switching  cur- 
rents due  to  the  switched  capacitor  conversion  technique 
(see  Figure  12).  During  each  bit  test  of  the  conversion 
(every  CLK  cycle)  a  capacitive  current  spike  will  be  gener- 
ated on  the  reference  pin  by  the  A/D.  These  current  spikes 
settle  quickly  and  do  not  cause  a  problem.  If  slow  settling 
circuitry  is  used  to  drive  the  reference  input,  take  care  to 
insure  thattransients  caused  by  these  current  spikes  settle 
completely  during  each  bit  test  of  the  conversion. 


REF+ 

-n3- 


^VREF 
T_ 


REF- 


J- 

S  Rout 

— .Voce  «  * 


LTC1293/W 

every  clk  cycle 
Ron 


Figure  12.  Reference  Input  Equivalent  Circuit 

Figure  13  and  14  show  examples  of  both  adequate  and 
poor  settling.  Using  a  slower  CLK  will  allow  more  time  for 
the  reference  to  settle.  Even  at  the  maximum  CLK  rate  of 
1  MHz  most  references  and  op  amps  can  be  made  to  settle 
within  the  1  lis  bit  time.  For  example  the  LT1 027  will  settle 
adequately  or  with  a  10juF  bypass  capacitor  at  VreF  the 
LT1021  also  can  be  used. 


HORIZONTAL  Vs/DIV 

Figure  13.  Adequate  Reference  Settling  (LT1027) 


HORIZONTAL:  1ps/DIV 

Figure  14.  Poor  Reference  Settling  Can  Cause  A/D  Errors 

Reduced  Reference  Operation 

The  effective  resolution  of  the  LTC1 293/4/6  can  be  in- 
creased by  reducing  the  input  span  of  the  converter.  The 
LTC1 293/4/6  exhibits  good  linearity  over  a  range  of  refer- 
ence voltages  (see  typical  performance  characteristics 
curves  of  Change  in  Linearity  vs  Reference  Voltage  and 
Change  in  Gain  Error  vs  Reference  Voltage).  Care  must  be 
taken  when  operating  at  low  values  of  VREF  because  of  the 
reduced  LSB  step  size  and  the  resulting  higher  accuracy 
requirement  placed  on  the  converter.  Offset  and  Noise  are 
factors  that  must  be  considered  when  operating  at  low 
VREF  values.  For  the  LTC1293  REF~  has  been  tied  to  the 
AGND  pin.  Any  voltage  drop  from  the  AGND  pin  to  the 
ground  plane  will  cause  a  gain  error. 

Offset  with  Reduced  VREF 

The  offset  of  the  LTC1 293/4/6  has  a  larger  effect  on  the 
output  code  when  the  A/D  is  operated  with  a  reduced 
reference  voltage.  The  offset  (which  is  typically  a  fixed 
voltage)  becomes  a  larger  fraction  of  an  LSB  as  the  size  of 
the  LSB  is  reduced.  The  typical  performance  characteris- 
tic curve  of  Unadjusted  Offset  Error  vs  Reference  Voltage 
shows  how  offset  in  LSB's  is  related  to  reference  voltage 
for  a  typical  value  of  Vos-  For  example  a  Vos  of  0.1  mV, 
which  is  0.1  LSB  with  a  5V  reference  becomes  0.4LSB  with 
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a  1.25  reference.  If  this  offset  is  unacceptable,  it  can  be 
corrected  digitally  by  the  receiving  system  or  by  offsetting 
the  "-"input  to  the  LTC1 293/4/6. 

Noise  with  Reduced  Vref 

The  total  input  referred  noise  of  the  LTC1 293/4/6  can  be 
reduced  to  approximately  200|uV  peak-to-peak  using  a 
ground  plane,  good  bypassing,  good  layout  techniques 
and  minimizing  noise  on  the  reference  inputs.  This  noise 
is  insignificant  with  a  5V  reference  input  but  will  become 
a  largerfraction  of  an  LSB  as  the  size  of  the  LSB  is  reduced. 
The  typical  performance  characteristic  curve  of  Noise 
Error  vs  Reference  Voltage  shows  the  LSB  contribution  of 
this  20%  V  of  noise. 

For  operation  with  a  5V  reference,  the  200juV  noise  is  only 
0.16LSB  peak-to-peak.  Here  the  LTC1 293/4/6  noise  will 
contribute  virtually  no  uncertainty  to  the  output  code.  For 
reduced  references,  the  noise  may  become  a  significant 
fraction  of  an  LSB  and  cause  undesirable  jitter  in  the 
output  code.  For  example,  with  a  1.25V  reference,  this 
200liV  noise  is  0.64LSB  peak-to-peak.  This  will  reduce 
the  range  of  input  voltages  over  which  a  stable  output  code 
can  be  achieved  by  0.64LSB.  Now  averaging  readings  may 
be  necessary. 

This  noise  data  was  taken  in  a  very  clean  test  fixture.  Any 
setup  induced  noise  (noise  or  ripple  on  Vcrj,  VREF  or  Vin) 
will  add  to  the  internal  noise.  The  lower  the  reference 
voltage  used,  the  more  critical  it  becomes  to  have  a  noise- 
free  setup. 

Gain  Error  due  to  Reduced  VREF 

The  gain  error  of  the  LTC1 294/6  is  very  good  over  a  wide 
range  of  reference  voltages.  The  error  component  that  is 
seen  in  the  typical  performance  characteristics  curve 
Change  in  Gain  Error  vs  Reference  Voltageforthe  LTC1 293 
is  due  the  voltage  drop  on  the  AGND  pin  from  the  device 
to  the  ground  plane.  To  minimize  this  error  the  LTC1 293 
should  be  soldered  directly  onto  the  PC  board.  The  internal 
reference  point  for  Vref  is  tied  to  AGND.  Any  voltage  drop 
in  the  AGND  pin  will  make  the  reference  voltage,  internal 
to  the  device,  less  than  what  is  applied  externally  (Figure 
1 5).  This  drop  is  typically  400|uV  due  to  the  product  of  the 
pin  resistance  (RP|N)  and  the  LTC1 293  supply  current.  For 


example,  with  VREF  =  1 .25V  this  will  result  in  a  gain  error 
change  of  -1.0LSB  from  the  gain  error  measured  with 
Vref  =  5V. 


LTC1293 


REFERENCE 
VOLTAGE 


Figure  15.  Parasitic  Pin  Resistance  (RP|N) 

LTC1293/4/6  AC  Characteristics 

Two  commonly  used  figures  of  merit  for  specifying  the 
dynamic  performance  of  the  A/Ds  in  digital  signal  process- 
ing applications  are  the  Signal-to-Noise  Ratio  (SNR)  and 
the  "effective  number  of  bits"(ENOB).  SNR  is  the  ratio  of 
the  RMS  magnitude  of  the  fundamental  to  the  RMS 
magnitude  of  all  the  non-fundamental  signals  up  to  the 
Nyquist  frequency  (half  the  sampling  frequency).  The 
theoretical  maximum  SNR  for  a  sine  wave  input  is  given 
by: 

SNR  =  (6.02N  +  1.76dB) 

where  N  is  the  number  of  bits.  Thus  the  SNR  depends  on 
the  resolution  of  the  A/D.  For  an  ideal  1 2-bit  A/D  the  SNR 
is  equal  to  74dB.  A  Fast  Fourier  Transform  (FIT)  plot  of  the 
output  spectrum  of  the  LTC1294  is  shown  in  Figures  16a 
and  16b.  The  input  (f!N)  frequencies  are  1kHz  and  22kHz 
with  the  sampling  frequency  (fs)  at  45.4kHz.  The  SNR 
obtained  from  the  plot  are  72.7dB  and  72.5dB. 

Rewriting  the  SNR  expression  it  is  possible  to  obtain  the 
equivalent  resolution  based  on  the  SNR  measurement. 

M_rSNR-1.76dB] 
[      6.02  J 

This  is  the  so-called  effective  number  of  bits  (ENOB).  For 
the  example  shown  in  Figures  1 6a  and  1 6b,  N  =  1 1 .8  bits. 
Figure  17  shows  a  plot  of  ENOB  as  a  function  of  input 
frequency.  The  top  curve  shows  the  A/D's  ENOB  remains 
at  1 1 .8  for  input  frequencies  up  to  fs/2  with  ±5V  supplies. 
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Figure  16a.  LTC1294  FFT  Plot'  * 

l|N  =  1kHz,  fs  =  45.4kHz, 

SNR  =  72.7HB  with  ±5V  Supplies 
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Figure  16b.  LTC1294  FFT  Plot 

f|N  =  22kHz,  fs  =  45.4kHz, 

SNR  =  72.5dB  with  ±5V  Supplies 
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Figure  17.  LTC1294  ENOB  vs  Input  Freguency 


5         10         15  20 
FREQUENCY  (kHz) 

Figure  18.  LTC1294  FFT  Plot 

f!N1  =  5.1kHz,  f,N2  =  5.6kHz,  fs  =  45.4kHz 

with  ±5V  Supplies 

For  +5V  supplies  the  ENOB  decreases  more  rapidly.  This 
is  due  predominantly  to  the  2nd  harmonic  distortion  term. 

Figure  1 8  shows  a  FFT  plot  of  the  output  spectrum  fortwo 
tones  applied  to  the  input  of  the  A/D.  Nonlinearities  in  the 
A/D  will  cause  distortion  products  at  the  sum  and  differ- 
ence frequencies  of  the  fundamentals  and  products  of  the 
fundamentals.  This  is  classically  referred  to  as 
intermodulation  distortion  (IMD). 

Overvoltage  Protection 

Applying  signals  to  the  LTC1 293/4/6's  analog  inputs  that 
exceed  the  positive  supply  or  that  go  below  V"  will 
degrade  the  accuracy  of  the  A/D  and  possibly  damage  the 
device.  For  example  this  condition  would  occur  if  a  signal 
is  applied  to  the  analog  inputs  before  power  is  applied  to 
the  LTC1 293/4/6.  Another  example  is  the  input  source  is 
operating  from  different  supplies  of  larger  value  than  the 
LTC1 293/4/6.  These  conditions  should  be  prevented  ei- 
ther with  proper  supply  sequencing  or  by  use  of  external 
circuitry  to  clamp  or  current  limit  the  input  source.  There 
are  two  ways  to  protect  the  inputs.  In  Figure  19  diode 
clamps  from  the  inputs  to  Vcc  and  V"  are  used.  The 
second  method  is  to  put  resistors  in  series  with  the  analog 
inputs  for  current  limiting.  As  shown  in  Figure  20a,  a  1  kQ 
resistor  is  enough  to  stand  off  ±15V  (15mA  for  only  one 
channel).  If  more  than  one  channel  exceeds  the  supplies 
than  the  following  guidelines  can  be  used.  Limit  the 
current  to  7mA  per  channel  and  28mA  tor  all  channels. 
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This  means  four  channels  can  handle  7mA  of  input  current 
each.  Reducing  CLK  frequency  from  a  maximum  of  1  MHz 
(See  typical  performance  characteristics  curves  Maxi- 
mum CLK  Frequency  vs  Source  Resistance  and  Sample 
and  Hold  Acquisition  Time  vs  Source  Resistance)  allows 
the  use  of  larger  current  limiting  resistors.  The "+"  input 
can  accept  a  resistor  value  of  1  kn  but  the "-"  input  cannot 
accept  more  than  250Q  when  the  maximum  clock  fre- 
quency of  1  MHz  is  used.  If  the  LTC1 293/4/6  is  clocked  at 
the  maximum  clock  frequency  and  250O  is  not  enough  to 
current  limit  the  "-"  input  source  then  the  clamp  diodes 
are  recommended  (Figures  20a  and  20b).  The  reason  for 
the  limit  on  the  resistor  value  is  the  MSB  bit  test  is  affected 
by  the  value  of  the  resistor  placed  at  the "-"  input  (see 
discussion  on  Analog  Inputs  and  the  typical  performance 
characteristics  curve  Maximum  CLK  Frequency  vs  Source 
Resistance). 

If  Vcc  and  VREf  are  not  tied  together,  then  VCc  should  be 
turned  on  first,  then  Vref.  If  this  sequence  cannot  be  met 
connecting  a  diode  from  VREf  to  VCc  is  recommended  (see 
Figure  21). 

For  dual  supplies  (bipolar  mode)  placing  two  Schottky 
diodes  from  VCrj  and  V"to  ground  (Figure  22)  will  prevent 

1N4148  DIODES 


1N4148  DIODES 


1  I  Z 


A6ND 
DGND  V" 


Figure  19.  Overvoltage  Protection  lor  Inputs 


Figure  20a.  Overvoltage  Protection  for  Inputs 
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LTC 1293/4/6 


ft 


Figure  20b.  Overvoltage  Protection  for  Inputs 

powersupply  reversal  from  occuring  when  an  input  source 
is  applied  to  the  analog  MUX  before  power  is  applied  to  the 
device.  Power  supply  reversal  occurs,  for  example,  if  the 
input  is  pulled  below  V".  Vcc  will  then  pull  a  diode  drop 
below  ground  which  could  cause  the  device  not  to  power 
up  properly.  Likewise,  if  the  input  is  pulled  above  Vcc,  V~ 
will  be  pulled  a  diode  drop  above  ground.  If  no  inputs  are 
present  on  the  MUX,  the  Schottky  diodes  are  not  required 
if  V"  is  applied  first  then  Vcc- 

Because  a  unique  input  protection  structure  is  used  on  the 
digital  input  pins,  the  signal  levels  on  these  pins  can 
exceed  the  device  VCc  without  damaging  the  device. 
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Figure  22.  Power  Supply  Reversal 
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A  "Quick  Look"  Circuit  for  the  LTC1294/6 

Users  can  get  a  quick  lookat  the  function  and  timing  of  the 
LTC1 294/6  by  using  the  following  simple  circuit  (Figure 
23).  VREF  is  tied  to  Vrx-  D|N  is  tied  high  which  means  Vm 
should  be  applied  to  the  CH7  with  respect  to  COM.  A 


Unipolar  conversion  is  requested  and  the  data  is  output 
MSB  first.  CS  is  driven  at  1  /64  the  clock  rate  by  the  CD4520 
and  Dout  outputs  the  data.  The  output  data  from  the  Dout 
pin  can  be  viewed  on  an  oscilloscope  that  is  set  up  to 
trigger  on  the  falling  edge  of  CS  (Figure  24). 
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Figure  23.  "Quick  Look"  Circuit  for  the  LTC1 294/6 


NULL       MSB      LSB  FILLS 
BIT      (B11)     (BO)  ZEROES 
VERTICAL:  5V/0IV 
HORIZONTAL:  2Ms/DIV 

Figure  24.  Scope  Trace  of  the 
LTC1294/6  "Quick  Look"  Circuit 
Showing  A/D  Output 
101010101010  (AAAhex) 
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Micropower,  5000V  Opto-lsolated,  Multichannel, 12-Bit  Data 
Acquisition  System  is  Accessed  Once  Every  Two  Seconds 
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VOLTAGE  REFERENCES 

Listed  by  Temperature  Drift  (T.C.)  and  Initial  Accuracy 


1.25V  Output 


T.C. 
•LT1034B-1.2 
•LT1034-1.2 
*LT1 004-1.2 
*LM385B-1.2 
"LM385-1.2 


ACCURACY 
"LT1004-1.2 
•LT1034B-1.2 
*LT1 034-1.2 
'LM385B-1.2 
"LM385-1.2 


2.5V  Output 


T.C. 

ACCURACY 

1 —  LT1019C-2.5 

LT580M 

LT1009C-2.5 

LT1019C-2.5 

LT580M 

LT1 009-2.5 

LT1034B-2.5 

LT580L 

LT580L 

LT1 034-2.5 

*LT1004C-2.5 

LT580K 

LT1 034-2.5 

•LT1004C-2.5 

LT580K 

•LM385B-2.5 

*LM385B-2.5 

'LM385-2.5 

LM336B-2.5 

LT580J 

•LM385-2.5 

LM336B-2.5 

LM336-2.5 

LM336-2.5 

4.5V  Output 


T.C.  ACCURACY 
1 —  LT1019C-4.5  LT1019C-4.5 


5.0V  Output 


r 


T.C. 

ACCURACY 

LT1027C-5 

LT1027C-5 

LT1027D-5 

LT1021B-5 

LT1027E-5 

LT1027D-5 

LT1021C-5 

LT1027E-5 

LT1019-5 

REF-02E 

LT1029A 

LT1019-5 

REF-02E 

LT1021C-5 

REF-02H 

LT1021D-5 

LT1021B-5 

LT1029A 

LT1021D-5 

REF-02H 

LT1029 

LT1029 

REF-02C 

REF-02C 

REF-02D 

REF-02D 

6.9V  to  6.95V  Output 


T.C. 

LTZ1000 

LM399A 

LM399 

LM329A 

LM329B 

LM329C 


ACCURACY 

LM329A 
LTZ1000 
LM329B 
LM329C 
LM329D 
LM399A 


7V  Output 


T.C. 

1 —  LT1021B-7 
LT1021D-7 
LT1034 


ACCURACY 

LT1021B-7 
LT1021D-7 
LT1034 


10V  Output 


r 


T.C. 

LT1021C-10 

LT1031C 

LT581K 

LT1019-10 

LT1031D 

LT581J 

REF-01E 

LT1021B-10 

LT1021D-10 

LT1031B 

REF-01H 

REF-01C 


ACCURACY 

U1021B-10 

LT1031B-10 

REF-01E 

LT1031C 

LT581K 

LT1019-10 

LT1021C-10 

LT1021D-10 

LT1031D 

REF-01H 

LT581J 

REF-01C 
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miLITRRV 


VOLTAGE 

WU  TARE 
VULI  HUE 

Tni  Fpfltjrp 

OPERATING 

*z 

MAXIMUM 

TEMPERATURE  DRIFT, 

CURRENT  RANGE 

PACKAGE 

T»  =  25°C 

PART  NUMBER 

ppm/  C  OR  mV  CHANGE 

(OR  SUPPLY  CURRENT) 

TYPE 

IMPORTANT  FEATURES 

1.235 

n  910/ 
±  U.J270 

I  T1  (\r\AMI  1  9 

On.r-.nm  /twnl 

20ppm  (typ) 

1fluA  tn  9fimA 

u 

■VIIUI  UfJUVVCl 

±  1% 

^uppm  (iyp) 

1  Hi  i  A  tn  9flm  A 
1  U[IM  IU  tUlliH 

a 

I V 1  IL.I  UfJU WCI 

±1% 

L  I  IUJ4DIVI-  I  ,c 

20ppm  (max) 

u 

1  nui  TC,  Mirrnnnwpr  with 

7\/  Any  Rpfprpnrp 

I  v  nUA  mdIdICIII/CJ 

±1% 

I  "Mni/1M  1  9 

LNUo4M-l.*: 

40ppm  (max) 

Of\i  i  A  tn  9fimA 

H 

1  mm  TP  Mirrnnmuor  with 
LUW  \\j  IVIILI UpUWCl  Willi 

7\/  Anv  Doforonno 
/  V  MUX  nclciellLc 

2.5 

±0.5% 

LT1004M-2.5 

20ppm  (typ) 

20|iA  to  20mA 

H 

Micro  power 

±  0.2% 

LT1 009M 

18mv  (max) 

4uUp.At0  lUmA 

H 

Precision 

±0.05% 

i  ti  m  qam  9  t; 

LI  IU  loMIVI-ii.D 

1 0ppm  (max) 

1  flmA 

u 

Pronicinn  Ranrinan 
rici/ioiUH  uaituya|J 

+  0.2% 

L  I  I  U  1  CIVI  c  .0 

?5nnm  fmaxi 

1.2mA 

H 

Precision  Bandgap 

+  1% 

L  1  1  UUtUIVI  C-J 

?flnnm  fmaxl 
^<Jy\Ji 1 1  \iiioaj 

20jiA  to  20mA 

H 

Low  TC  Micropower  with 

TV  Aux  Reference 

+  1% 

1  T1fl^4M-?  5 

40ppm  (max) 

20jiA  to  20mA 

H 

Low  TC  Micropower  with 

7V  Aux  Reference 

±2% 

LM1 36-2.5 

18mV  (max) 

400(i  A  to  10mA 

H 

General  Purpose 

±1% 

LM136A-2.5 

18mV  (max) 

400u.A  to  10mA 

H 

General  Purpose 

+ 1  5% 

I  M18S-9  s 

LIVI  1  OJ  i.J 

^uppin  i,iypj 

?0nA  tn  PflrnA 

£ULir\  LU  t-UIIIrt 

H 

Micropower 

±1% 

LT580S 

55ppm  (max) 

1.5mA 

H 

3  Terminal  Low  Drift 

±0.4% 

LT580T 

25ppm  (max) 

1.5mA 

H 

3  Terminal  Low  Drift 

+  0.4% 

LT580U 

10ppm  (max) 

1.5mA 

H 

3  Terminal  Low  Drift 

4.5 

±  0.05% 

LT1019AM-4.5 

10ppm  (max) 

1.0mA 

H 

Precision  Bandgap 

±0.2% 

LT1019M-4.5 

25ppm  (max) 

1.2mA 

H 

Precision  Bandgap 

5.0 

±  0.05% 

LT1019AM-5 

10ppm  (max) 

1.0mA 

H 

Precision  Bandgap 

±  0.2% 

LT1019M-5 

25ppm  (max) 

1.2mA 

H 

Precision  Bandgap 

±1% 

LT1021BM-5 

5ppm  (max) 

1.2mA 

H 

Very  Low  Drift 

±0.05% 

LT1021CM-5 

20ppm  (max) 

1.2mA 

H 

Very  Tight  Initial  Tolerance 

±1% 

LT1021DM-5 

20ppm  (max) 

1.2mA 

H 

Low  Cost,  High  Performance 

±0.2% 

LT1 029AM 

20ppm  (max) 

700p.A  to  10mA 

H 

Precision  Bandgap 

±1% 

LT1029M 

40ppm  (max) 

700|iAto  10mA 

H 

Precision  Bandgap 

±0.3% 

REF02A 

8.5ppm  (max) 

1.4mA 

H,J 

Precision  Bandgap 

±0.5% 

REF02 

25ppm  (max) 

1.4mA 

H,J 

Precision  Bandgap 

6.9 

±3% 

LM129A 

10ppm  (max) 

600p.A  to  15mA 

H 

Low  Drift 

±3% 

LM129B 

20ppm  (max) 

600p.A  to  15mA 

H 

Low  Drift 

±3% 

LM129C 

50ppm  (max) 

600pAto  15mA 

H 

Low  Cost 

6.95 

±2% 

LM199A 

0.5ppm  (max)  -55°C  to  +85°C 

500p.A  to  10mA 

H 

Ultra  Low  Drift 

10ppm  (max)  -85°C  to  +125°C 

±2% 

LM199 

1  ppm  (max)  -55°C  to  +85°C 

500pA  to  10mA 

H 

Ultra  Low  Drift 

15ppm  (max)  +85°C  to  +125°C 

7.0 

±  0.7% 

LT1021BM-7 

5ppm  (max) 

1.0mA 

H 



Low  Drift/Noise,  Exc  Stability 

±0.7% 

LI 1021  UM-f 

20ppm  (max) 

1.0mA 

H 

Low  Cost,  High  Performance 

10.0 

±0.05% 

LT1019AM-10 

10ppm  (max) 

1.0mA 

H 

Precision  Bandgap 

+  0.2% 

LT1019M-10 

25ppm  (max) 

1.2mA 

H 

Precision  Bandgap 

±0.5% 

LT1021BM-10 

5ppm  (max) 

1.7mA 

H 

Very  Low  Drift 

±0.05% 

LT1021CM-10 

20ppm  (max) 

1.7mA 

H 

Very  Tight  Initial  Tolerance 

+  0.5% 

LT1021DM-10 

20ppm  (max) 

1.7mA 

H 

Low  Cost,  High  Performance 

±0.05% 

LT1031BM 

5ppm  (max) 

1.7mA 

H 

Very  Low  Drift 

±0.1% 

LT1031CM 

1 5ppm  (max) 

1.7mA 

H 

Very  Tight  Initial  Tolerance 

±0.2% 

LT1031DM 

25ppm  (max) 

1.7mA 

H 

Low  Cost,  High  Performance 

±0.3% 

LT581J 

30ppm  (max) 

1.0mA 

H 

3  Terminal  Low  Drift 

±0.1% 

LT581T 

15ppm  (max) 

1.0mA 

H 

3  Terminal  Low  Drift 

±0.05% 

LH0070-2 

6.7ppm  (max) 

5.0mA 

H 

Low  Drift 

±0.1% 

LH0070-1 

17ppm  (max) 

5.0mA 

H 

Good  Initial  Tolerance 

±0.1% 

LH0070-0 

33ppm  (max) 

5.0mA 

H 

Low  Cost,  High  Performance 

±0.3% 

REF01A 

8.5ppm  (max) 

1.4mA 

H,J 

Precision  Bandgap 

±0.5% 

REF01 

25ppm  (max) 

1.4mA 

H,J 

Precision  Bandgap 
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commcRcini 


0°C  to  +  70°C 


VOLTAGE 

VOLTAGE 

TOLERANCE 

UrtnAIINu 

"z 

UIVIUIIU 

MAXIMUM 

TCMDCO  ATI  IDC  rtDICT 

LUnritN I HANut 

(V) 

TA  =  25°C 

PART  MIIMRPR 

UfJin/  b  un  1 1 1 v  unnnuc 

IflR  SIIPPI  Y  fl  IRRFNTI 
fun  OUrrLl  uUnntn  I  ) 

TYPE 

IMPORTANT  FEATURES 

i  I'm  \j  w  i  nvw  i  r  un  iuiilu 

1.235 

±0.32% 

LT1004C-1.2 

20ppm  (typ) 

10uA  to  20mA 

H,  S.  Z 

Micropower 

±1% 

LT1034BC-1.2 

20ppm  (max) 

20liA  to  20mA 

H,  S,  Z 

Low  TC  Micropower  with 

7V  Aux  Reference 

+  1% 

LT1034C-1.2 

40ppm  (max) 

20|jA  to  20mA 

H,  S,  Z 

Low  TC  Micropower  with 

7V  Aux  Reference 

±2% 

LM385-1.2 

20ppm  (typ) 

15loA  to  20mA 

H.Z 

Micropower 

±1% 

LM3858-1.2 

20ppm  (typ) 

15uA  to  20  mA 

H,Z 

Micropower 

2.5 

±0.8% 

LT1004C-2.5 

20ppm  (typ) 

20^A  to  20mA 

H.S.Z 

Micropower 

±0.2% 

LT1009C 

6mV  (max) 

400uAto  10mA 

H.Z 

Precision 

±0.4% 

LT1009S8 

25ppm  (max) 

400u.A  to  20mA 

s 

Precision 

±0.05% 

LT1019AC-2.5 

5ppm  (max) 

1.0mA 

H,  N 

Precision  Bandgap 

±0.2% 

i  Timor  9  i; 

20ppm  (max) 

1  2mA 

HNS 

rlcUalUil  Ddlluydp 

±1% 

i  Tim/nr  9  <; 
L\\\}6'*oKj-d..O 

20ppm  (max) 

20(iA  to  20mA 

H  S  Z 

Low  TC  Micropower  with 

7V  Aux  Reference 

±1  k 

1  T1  (YiAC  9 
L I  I  LM*Ht  t.a 

40ppm  (max) 

OHnA  in  9firnA 
tUfirt  10  cUITlH 

H  S  Z 

Low  TC  Micropower  with 

7V  Aux  Reference 

±4% 

i  mooc  o  c 
LMooo-i.O 

6mV  (max) 

400(lA  to  10mA 

H  Z 

General  Purpose 

±2% 

1  HilOOCD  9  C 

6mV  (max) 

Aflf\i  iA  In  1  Dm  A 

4UUU.A  to  lumM 

H  Z 

General  Purpose 

±3% 

i Mno^  o £ 
LMoOO-i.a 

20ppm  (typ) 

9flnA  tn  9f\mA 

tXJ\JJ\  TO  tUlTlM 

H  Z 

Micropower 

±  1 .5% 

1  M9flRR  9  H 

^uppm  (typ) 

H  Z 

Micropower 

±3% 

LT580J 

85ppm  (max) 

H 

3  Terminal  Low  Drift 

±1% 

LT580K 

40ppm  (max) 

1.5mA 

H 

3  Terminal  Low  Drift 

±0.4% 

LT580L 

25ppm  (max) 

1 .5mA 

Lj 

n 

3  Terminal  Low  Drift 

±0.4% 

LT580M 

10ppm  (max) 

1 .5mA 

u 
n 

3  Terminal  Low  Drift 

4.5 

±0.05% 

LT1019AC-4.5 

5ppm  (max) 

1.2mA 

H,  N 

Precision  Bandgap 

±0.2% 

i  ~M  nmr  a  c 
LIlUlyo-'l.D 

20ppm  (max) 

1.2mA 

H,  N,  S 

Precision  Bandgap 

5.0 

±0.05% 

LT1019AC-5 

5ppm  (max) 

1.2mA 

H,  N 

Precision  Bandgap 

±0.2% 

LT1019C-5 

20ppm  (max) 

1.2mA 

H.N.S 

Precision  Bandgap 

±1% 

LT1021BC-5 

5ppm  (max) 

1.2mA 

H,  N 

Very  Low  Drift 

±0.05% 

LT1021CC-5 

20ppm  (max) 

1.2mA 

H,  N 

Very  Tight  Initial  Tolerance 

±1% 

LT1021 DC-5 

20ppm  (max) 

1.2mA 

H,  J,  N,  S 

Low  Cost,  High  Performance 

LT1027C 

3ppm  (max) 

2mA 

N  H 

Precision,  Dynamics 

+  0  05% 

LT1027O 

5ppm  (max) 

2mA 

N,  H 

Precision  Dynamics 

±  0.1% 

LT1027E 

7.5ppm  (max) 

2mA 

N,  H 

Precision,  Dynamics 

+  0.2% 

LT1029AC 

20ppm  (max) 

700uA  to  10mA 

H,Z 

Precision  Bandgap 

±1% 

LT1029C 

34ppm  (max) 

700mA  to  10mA 

H,Z 

Precision  Bandgap 

±1% 

REF02C 

65ppm  (max) 

1.6mA 

H,  J,  N 

Precision  Bandgap 

±2% 

REF02D 

250ppm  (max) 

2.0mA 

H,  J,  N 

Bandgap 

±0.3% 

REF02E 

8.5ppm  (max) 

1.4mA 

H.J.N 

Precision  Bandgap 

+  0.5% 

REF02H 

25ppm  (max) 

1.4mA 

H.J,  N 

Precision  Bandgap 

6.9 

±3% 

LM329A 

10ppm  (max) 

600uA  to  15mA 

H.Z 

Low  Drift 

±5% 

LM329B 

20ppm  (max) 

600|iA  to  15mA 

H.Z 

Low  Drift 

±5% 

LM329C 

50ppm  (max) 

600u.A  to  15mA 

H.Z 

General  Purpose 

±5% 

LM329D 

100ppm  (max) 

600u.Ato  15mA 

H.Z 

General  Purpose 

±4% 

LTZ1000 

O.tppm 

4  mA 

H 

Ultra  Low  Drift, 

2ppm  Long  Term  Stability" 

6  95 

+  5% 

_ 

tppm  (max) 

DUU[iA  to  lumA 

- 

1  lltn  1  mil  ririft 

ultra  low  unn 

±5% 

LM399A 

1ppm  (max) 

500pAto  10mA 

H 

Ultra  Low  Drift 

7.0 

+  0.7% 

LT1021BC-7 

5ppm  (max) 

1.0mA 

H,  N 

Low  Drift/Noise,  Exc  Stability 

±0.7% 

LT1021DC-7 

20ppm  (max) 

1.0mA 

H,N,  S 

Low  Cost,  High  Performance 

10.0 

+  0.05% 

LT1019AC-10 

5ppm  (max) 

1.2mA 

H,N 

Precision  Bandgap 

±0.2% 

LT1019C-10 

20ppm  (max) 

1.2mA 

H.  N.S 

Precision  Bandgap 

+  0.5% 

LT1021BC-10 

5ppm  (max) 

1.7mA 

H.N 

Very  Low  Drift 

±0.05% 

LT1021CC-10 

20ppm  (max) 

1.7mA 

H,  N 

Very  Tight  Initial  Tolerance 

+  0.5% 

LT1021DC-10 

20ppm  (max) 

1.7mA 

H.N.S 

Low  Cost,  High  Performance 

±0.05% 

LT1031BC 

5ppm  (max) 

1.7mA 

H 

Very  Low  Drift 

±0.1% 

LT1031CC 

15ppm  (max) 

1.7mA 

H 

Very  Tight  Initial  Tolerance 

±0.2% 

LT1031DC 

25ppm  (max) 

1.7mA 

H 

Low  Cost,  High  Performance 

+  0.3% 

LT581J 

30ppm  (max) 

1.0mA 

H 

3  Terminal  Low  Drift 

±0.1% 

LT581K 

15ppm  (max) 

1.0mA 

H 

3  Terminal  Low  Drift 

+  1% 

REF01C 

65ppm  (max) 

1.6mA 

H.J.N 

Precision  Bandgap 

+  0.3% 

REF01E 

8.5ppm  (max) 

1.4mA 

H.J.N 

Precision  Bandgap 

+  0.5% 

REF01 H 

25ppm  (max) 

1.4mA 

H,  J.N 

Precision  Bandgap 

m 


*LTZ1 000  requires  external  control  and  biasing  circuits. 
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TECHNOLOGY 


LT1 027 


Precision 
5V  Reference 


F€RTUR€S 

■  Very  Low  Drift  -  2ppm/°C  Max  TC 

■  Pin  Compatible  with  LT1021-5,  REF-02 

■  Output  Sources  15mA,  Sinks  10mA 

■  Excellent  Transient  Response  Suitable  for  A-to-D 
Reference  Inputs 

■  Noise  Reduction  Pin 

■  Excellent  Long-Term  Stability 

■  Less  Than  1  ppm  p-p  Noise  (0.1  Hz  to  1 0Hz) 


applications 

■  A-to-D  and  D-to-A  Converters 

■  Digital  Voltmeters 

■  Reference  Standard 

■  Precision  Current  Source 


D€SCRlPTIOfl 

The  LT1027  is  a  precision  reference  with  extra-low  drift, 
superior  accuracy,  excellent  line  and  load  regulation  and 
low  output  impedance  at  high  frequency.  This  device  is 
intended  for  use  in  12-  to  16-bit  A-to-D  and  D-to-A 
systems  where  demanding  accuracy  requirements  must 
be  met  without  the  use  of  power-hungry  heated-substrate 
references.  The  fast-settling  output  recovers  quickly  from 
load  transients  such  as  those  presented  by  A-to-D  converter 
reference  inputs.  The  LT1027  brings  together  both 
outstanding  accuracy  and  temperature  coefficient 
specifications. 

The  LT1027  reference  is  based  on  LTC's  proprietary 
advanced  sub-surface  zener  bipolar  process  which 
eliminates  noise  and  stability  problems  associated  with 
surface-breakdown  devices. 


TYPICAL  RPPLICRTIOA 


Supplying  VREF  and  Vcc  to  the  LTC1290  12-bit  ADC 


Output  Voltage 


ANALOG 
INPUTS 


| :  i(*     z  z 


I 


221iF 


CHO 
CM 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
COM 


REF* 
REF" 
AGMD 


SCLK 
ACLK 
DOUT 

Din 

cs 


TOiiC 


5.006 
5.004 
'  5.002 


0  25  50  75 
TEMPERATURE  (X) 
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LT1027 


nasoiUT€  mnximum  rrtirgs 

Supply  Voltage  (V,N)  40V 

Input-Output  Voltage  Differential  35V 

Output  to  Ground  Voltage  7V 

Vjrim  to  Ground  Voltage 

Positive  5V 

Negative  -0.3V 

Output  Short  Circuit  Duration 

V|N  >  20V  10  sec. 

V|N  <  20V  Indefinite 

Operating  Temperature  Range 

LT1027M  -55°C  to125°C 

LT1027C  0°Cto  70°C 

Storage  Temperature  Range 

All  Devices  -65°C  to150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


PRCKRG€/ORD€R  MFORfTIRTIOn 


GND 
H  PACKAGE 
8-LEAD  TO-5  METAL  CAN 


TOP  VIEW 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


TOP  VIEW 

NR  |T 

3  % 

GND  [T 

7]  NC* 

Wrim  LT 

6]  NC 

VOUT  [I 

5]  NC" 

58  PACKAGE 

8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LT1027ACH 

LT1027BCH 

LT1027CCH 

LT1027DCH 

LT1027ECH 

LT1027DMH 

LT1027EMH 


LT1027BCN8 
LT1027CCN8 
LT1027DCN8 
LT1027ECN8 


LT1027ECS8 


■  CONNECTED  INTERNALLY.  DO  NOT  CONNECT  EXTERNAL  CIRCUITRY  TO  THESE  PINS. 


€l€CTRICni  CHARACTERISTICS  Ta  =  25°C,  V|n  =  10V,  I  load  =  0.  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN       TYP  MAX 

UNITS 

VOUT 

LT1027A 
LT1027B,  C, D 
LT1027E 

4.9990     5.000  5.0010 
4.9975     5.000  5.0025 
4.9950     5.000  5.0050 

V 
V 
V 

TCVout 

Output  Voltage  Temperature  Coefficient 
(Note  2) 

LT1027A,  B 
LT1027C 
LT1027D 
LT1027E 

• 
• 
• 
• 

1  2 

2  3 

2  5 

3  7.5 

ppm/°C 
ppm/°C 
ppm/°C 
ppm/°C 

Line  Regulation  (Note  3) 

8V<V|N<10V 

• 

6  12 
25 

ppm/V 
ppm/V 

10V  <  Vim  <  40V 

• 

3  6 
8 

ppm/V 
ppm/V 

Load  Regulation  (Note  3) 

Sourcing  Current 
0SlOuTSl5mA 

• 

3  6 
8 

ppm/mA 
ppm/mA 

Sinking  Current 
0>  louT^-10mA 

• 

30  50 
100 

ppm/mA 
ppm/mA 
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LT1027 


€l€CTMCflL  CHRRnCTCMSTICS  Ta  =  25°C,  V|N  =  10V,  I  load  =  u\  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN         TYP  MAX 

UNITS 

Supply  Current 

• 

1.8  2.4 
2.8 

mA 
mA 

VTmM  Adjust  Range 

• 

±30  ±50 

mV 

Output  Noise  (Note  4) 

0.1Hz<f<10Hz 

3 

pVp-p 

1 0Hz  <  f  <  1  kHz 

2.0  4.0 

mVrms 

Temperature  Hysteresis 
Long  Term  Stability 

H  package;  AT  =  25°C 

10 

ppm 

H  package 

20 

ppm/month 

The  •  denotes  specifications  which  apply  over  the  operating  temperature 
range. 

Note  1:  Output  voltage  is  measured  immediately  after  turn-on.  Changes 
due  to  chip  warm-up  are  typically  less  than  0.005%. 
Note  2:  Temperature  coefficient  is  determined  by  the  "box"  method  in 
which  the  maximum  aVqut  over  the  temperature  range  is  divided  by  AT. 
Note  3:  Line  and  load  regulation  measurements  are  done  on  a  pulse  basis. 
Output  voltage  changes  due  to  die  temperature  change  must  be  taken  into 
account  separately.  Package  thermal  resistance  is  150°C/W  for  TO-5  (H), 
130°C/W  for  plastic  DIP  (N8),  and  180°C/W  for  plastic  SOIC  (S8). 


Note  4:  RMS  noise  is  measured  with  an  8-pole  bandpass  filter  with  a 
center  frequency  of  30Hz  and  a  Q  of  1 .5.  The  filter  output  is  then  rectified 
and  integrated  for  a  fixed  time  period,  resulting  in  an  average,  as  opposed 
to  RMS  voltage.  A  correction  factor  is  used  to  convert  average  to  RMS. 
This  value  is  then  used  to  obtain  RMS  noise  voltage  in  the  10Hz  to 
1 000Hz  frequency  band.  This  test  also  screens  for  low-frequency 
"popcorn"  noise  within  the  bandwidth  of  the  filter.  Consult  factory  for 
1 00%  0.1  Hz  to  1 0Hz  noise  testing. 


TYPICAL  P€RFORmnnC€  CHARACTERISTICS 


Ripple  Rejection 


Output  Impedance  vs  Frequency 


Output  Voltage 


100  1k 

FREQUENCY  (Hz) 


100        1k        10k  100k 
FREQUENCY  (Hz) 


0  25  50  75  100  125 
TEMPERATURE  (°C) 

LT10J7  G03 
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LT1027 


typical  P€RFonmnnc€  cHnnncTcmsTics 


Start-Up  and  Turn-Off  (No  Load) 


Start-Up  and  Turn-Off 


Quiescent  Current 


1MS/DIV 


Load  Regulation 


500Ms/D!V 


Line  Regulation 


0      5     10     15    20     25    30    35  40 
INPUT  VOLTAGE  (V) 

emm 

Output  Noise  Voltage  Density 


-10-8-6-4  -2  0  2 

-«  Sink  Source 

Iout  (mA) 


16    20    24     28    32    36  40 
INPUT  VOLTAGE  (V) 

LI1037  G6 


100  1k 
FREQUENCY  (Hz) 


Output  Settling  Time  (Sourcing) 


Output  Settling  Time  (Sinking) 


0.1Hz  to  10Hz  Output  Noise 
Filtering  =  1  zero  at  0.1  Hz 
2  poles  at  10Hz 


10mA 
LOAD  STEP 


2jis/DIV 


2|iS/DIV 
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LT1027 


nppucmions  inFORmnnon 


Effect  of  Reference  Drift  on  System  Accuracy 

A  large  portion  of  the  temperature  drift  error  budget  in 
many  systems  is  the  system  reference  voltage.  This  graph 
indicates  the  maximum  temperature  coefficient  allowable 
if  the  reference  is  to  contribute  no  more  than  1/2LSB  error 
to  the  overall  system  performance.  The  example  shown  is 
a  12-bit  system  designed  to  operate  over  a  temperature 
range  from  25°C  to  65°C.  Assuming  the  system  calibra- 
tion is  performed  at  25°C,  the  temperature  span  is  40°C.  It 
can  be  seen  from  the  graph  that  the  temperature  coeffi- 
cient of  the  reference  must  be  no  worse  than  3ppm/°C  if 
it  is  to  contribute  less  than  1/2LSB  error.  For  this  reason, 
the  LT1027  has  been  optimized  for  low  drift. 

Maximum  Allowable  Reference 
Drift 


10   20  30   40  50  60  70  80   90  100 
TEMPERATURE  SPAN  ("C) 


Trimming  Output  Voltage 

The  LT1027  has  an  adjustment  pin  for  trimming  output 
voltage.  The  impedance  of  the  VAnj  pin  is  about  20k£2  with 
an  open  circuit  voltage  of  2.5V.  A  ±30mV  guaranteed  trim 
range  is  achievable  by  tying  the  Vadj  pin  to  the  wiper  of  a 
10k  potentiometer  connecting  between  the  output  and 
ground.  Trimming  output  voltage  does  not  affect  the  TC  of 
the  device. 

Noise  Reduction 

The  positive  input  of  the  internal  scaling  amplifier  is 
brought  out  as  the  Noise  Reduction  (NR)  pin.  Connecting 
a  1juF  Mylar  capacitor  between  this  pin  and  ground  will 
reduce  the  wideband  noise  of  the  LT1027  from  2.0(aVRMS 


to  approximately  1 .2nVRMS  in  a  1 0Hz  to  1  kHz  bandwidth. 
Transient  response  is  not  affected  by  this  capacitor.  Start- 
up settling  time  will  increase  to  several  milliseconds  due 
to  the  7k£2  impedance  looking  into  the  NR  pin.  The 
capacitor  must  be  a  low-leakage  type.  Electrolyte  are  not 
suitable  for  this  application.  Just  100nA  leakage  current 
will  result  in  a  1 50ppm  error  in  output  voltage.  This  pin  is 
the  most  sensitive  pin  on  the  device.  For  maximum  protec- 
tion a  guard  ring  is  recommended.  The  ring  should  be 
driven  from  a  resistive  divider  from  Vqut  set  to  4.4V  (the 
open  circuit  voltage  on  the  NR  pin). 

Transient  Response 

The  LT1027  has  been  optimized  for  transient  response. 
Settling  Time  is  under  2(js  when  an  AC-coupled  1 0mA  load 
transient  is  applied  to  the  output.  The  LT1027  achieves 
fast  settling  by  using  a  class  B  NPN/PNP  output  stage. 
When  sinking  current,  the  device  may  oscillate  with  ca- 
pacitive  loads  greater  than  100pF.  The  LT1027  is  stable 
with  all  capacitive  loads  when  at  no  DC  load  or  when 
sourcing  current,  although  for  best  settling  time  either  no 
output  bypass  capactor  or  a  4.7(iF  tantalum  unit  is  recom- 
mended. An  0.1  (aF  ceramic  output  capacitor  will  maximize 
output  ringing  and  is  not  recommended. 

Kelvin  Connections 

Although  the  LT1027  does  not  have  true  force-sense 
capability,  proper  hook-up  can  improve  line  loss  and 
ground  loop  problems  significantly.  Since  the  ground  pin 
of  the  LT1027  carries  only  2mA,  it  can  be  used  as  a  low- 
side  sense  line,  greatly  reducing  ground  loop  problems  on 
the  low  side  of  the  reference.  The  Vout  pin  should  be  close 
to  the  load  or  connected  via  a  heavy  trace  as  the  resistance 
of  this  trace  directly  affects  load  regulation.  It  is  important 
to  remember  that  a  1 .22mV  drop  due  to  trace  resistance  is 
equivalent  to  a  1LSB  error  in  a  5VFS,  12-bit  system. 

The  circuits  in  Figures  1  and  2  illustrate  proper  hook-up  to 
minimize  errors  due  to  ground  loops  and  line  losses. 
Losses  in  the  output  lead  can  be  further  reduced  by  adding 
a  PNP  boost  transistor  if  load  current  is  5mA  or  higher.  R2 
can  be  added  to  further  reduce  current  in  the  output  sense 
load. 
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LT1027 


nppucnTions  inFORmnnon 


IN      LT1027  OUT 


KEEP  THIS  LINE  RESISTANCE  LOW 


GROUND 
RETURN 


Figure  1.  Standard  Hook-Up 


^4 


INPUT 


RETURN 

■OPTIONAL-REDUCES  CURRENT  IN  OUTPUT  SENSE  LEAD 

LTlO!7FO! 

Figure  2.  Driving  Higher  Load  Currents 


RPPUCRTIOn  CIRCUITS 

10V  Reterence 


0.1%  METAL  FILM  a«nm 


10V  Reference 


V|N 

_L 


LT1027  OUT 


0-01 


Operating  5V  Reference  from  5V  Supply 


CMOS  LOGIC  GATE* 


iin>2khz-  -r>o  1  [± 


-k. 


J  5pF" 


IN      LT1027  OUT 


+5V 

LOGIC  SUPPLY 


t5V 

REFERENCE 


'FOR  HIGHER  FREQUENCIES  C1  AND  C2  MAY  BE  DECREASED. 
•  "PARALLEL  GATES  FOR  HIGHER  REFERENCE  CURRENT  LOADING. 
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LT1027 


€<puivni€nT  scHcmnnc 
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 LT1431 

Programmable  Reference 


F€RTUR€S 


DCSCRIPTIOfl 


Guaranteed  0A%  Initial  Voltage  Tolerance 
0.1SJ  Typical  Dynamic  Output  Impedance 
Fast  Turn-On 

Sink  Current  Capability,  1mA  to  100mA 
Low  Ref  Pin  Current 


RPPUCRTIOnS 


Linear  Regulators 
Adjustable  Power  Supplies 
Switching  Power  Supplies 


The  LT1 431  is  an  adjustable  shunt  voltage  regulator  with 
100mA  sink  capability,  0.4%  initial  reference  voltage 
tolerance,  and  0.3%  typical  temperature  stability.  On-chip 
divider  resistors  allow  the  LT1431  to  be  configured  as  a 
5V  shunt  regulator,  with  1%  initial  voltage  tolerance  and 
requiring  no  additional  external  components.  By  adding 
two  external  resistors,  the  output  voltage  may  be  set  to 
any  value  between  2.5V  and  36V.  The  nominal  internal 
current  limit  of  1 00mA  may  be  decreased  by  including  one 
external  resistor. 

A  simplified  three  pin  version,  the  LT1431 CZ/IZ,  is  avail- 
able for  applications  as  an  adjustable  reference  and  is  pin 
compatible  with  the  TL431 . 
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LT1431 


M3soiUT€  mnximum  Rnnnos 


V+,  VcoLLECTOR  36V 

Vcomp.  Rtop.  Rmid.  Vref  6V 

GND-Fto  GND-S  0.7V 

Ambient  Temperature  Range 

LT1431M  -55°Cto125°C 

LT1431I  -40°C  to  85°C 

LT1431C  0°C  to  70°C 


Junction  Temperature  Range 

LT1431M  -55°C  to150°C 

LT1431I  -40°C  to100°C 

LT1431C  0°C  to100°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORfflRTIOfl 


COLLECTOR  [T 
COMP  [7 
,.[3 

"topE 


TOP  VIEW 


7]  ref 

J]  GNO-F 
5]  GND-S 


J8  PACKAGE 
8-LEAD  CERAMIC  DIP 

N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LT1431MJ8 
LT1431CN8 
LT1431IN8 


T°?°T 

\A«OpE/ 


Z  PACKAGE 
3-LEAO  TO-92  PLASTIC 


ORDER  PART 
NUMBER 


LT1431CZ 
LT1431IZ 


COLLECTOR  [ 
COMP[ 


sJref 

6]GND-F 
T]  GND-S 


CSOIC 


ORDER  PART 
NUMBER 


LT1431CS8 
LT1431IS8 


€L€CTRICRL  CHflRflCT€fllSTICSTA=25°C,lK  =  10mA,unlessotherwisespecified(Note1). 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1431M/I 
MIN  TYP  MAX 

LT1431C 
MIN  TYP  MAX 

UNITS 

Vref 

Reference  Voltage 

Vka=5V,  lK  =  2mA,(Note2) 

• 

2490  2500  2510 
2465  2535 

2490  2500  2510 
2480  2520 

mV 
mV 

4VREF/AT 

Reference  Drift 

VKA  =  5V,lK=2mA 

• 

50 

30 

ppm/°C 

AVref 
AVka 

Voltage  Ratio,  Reference  to 
Cathode  (Open  Loop  Gain) 

lK=2mA,VKA  =  3Vto36V 

• 

0.2  0.5 

0.2  0.5 

mV/V 

HrefI 

Reference  Input  Current 

VKA  =  5V,TA=25°C 

• 

0.2  1 
1.5 

0.2  1 
1.2 

pA 
(A 

'min 

Minimum  Operating  Current 

VKA  =  VREFto36V 

0.6  1 

0.6  1 

mA 

I'offI 

Off-State  Cathode  Current 

VKA=36V,VnEF=0V 

• 

1 

15 

1 
2 

1* 
1* 

UleakI 

Off-State  Collector  Leakage  Current 

VColl  =  36V,V+=5V,Vref=2.4V 

• 

1 
5 

1 
2 

«A 
1* 

IZkaI 

Dynamic  Impedance 

Vka  =  Vref,  lK  =  1  mA  to  100mA,  f  <  1  kHz 

0.2 

0.2 

a 

Ilim 

Collector  Current  Limit 

VKA=VREF  +  50mV 

• 

80  360 

100  260 

mA 

5V  Reference  Output 

Internal  Divider  Used,  lK  =  2mA 

-950  5000  5050 

4950  5000  5050 

mV 

The  •  denotes  specifications  which  apply  over  the  full  operating  tempera-  Note  2:  The  LT1 431  has  bias  current  cancellation  which  is  effective  only 

ture  range.  for  Vka  S3V.  A  slight  (=2mV)  shift  in  reference  voltage  occurs  when  Vka 

Note  1:  Vka  is  the  cathode  voltage  of  the  LT1431CZ/IZ  and  corresponds  to  drops  below  3V.  For  this  reason,  these  tests  are  not  performed  at 

V+  of  the  LT1431CN8/IN8/MJ8.  IK  is  the  cathode  current  of  the  LT1431CZ7  Vka  =  Vref- 
IZ  and  corresponds  to  l(V*)  +  Icollector  of  the  LT1431 CN8/MJ8/IN8. 
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LT1431 


TVPICfiL  P€RFORmnnC€  CHnRflCTCRISTICS 


2.5V  Reference  Ik  vsVka 


VREFandlREFVsV+ 


VREF  and  Iref  vsV+ 


700 
600 
J  500 
400 
300 
200 
100 
0 


WIN  , 

\ 

i 

i 

j 

0    05  1.0  1.5  2.0  2.5  3.0   3.5  4.0  4.5  5.0 
VkaM 


1505 


2.504 
2503 
1502 
_  2.501 
b  2.500 
'  2.499 
2.49! 
2.497 
2.496 
2.495 


EF 

Ihef  — 

3.5 

2.505 

3.0 

2.504 

25 

2503 

2.0 

2502 

15 

1.0  | 

2.501 

g 

ft  2.500 

0.5  ~ 

'  2.499 

0 

2.498 

-0.5 

2.497 

-1.0 

2.496 

-1.5 

2.495 

2.5  2.6   2.7   2.8  2.9   3.0  3.1   3.2   3.3   3.4  3.5 


0     4     8    12  16 


20  24 
■IV) 


3.5 
3.0 
2.5 
2.0 

*s 

tl  I 

05  ~ 
0 

-0.5 
-1.0 
-1.5 


32   36  40 


Vref  and  Iref  vs  Temperature 


2.5025 
2.5000 

Vbef 

2.4975 
2.4950 

Iref 

2.4925 
2.4900 

■limit  vs  Temperature  with 
External  Resistor 


-25      0      25      50      75     100  125 
TEMPERATURE  (°Q 


1 

1.250 

0.66 

1.125 

0.33 

§  1.000 

0  ! 

< 

g  0.875 

-0.33 

S  0.750 

-0.66 
-1 

0625 
0.500 

IT"n 
"I 

0.7 
IM  +  3 

6AI2 

0  25  50  75  100  125 
TEMPERATURE  ("C) 


COLLECTOR  Vsatvs 
Temperature  vs  Current 


1.20 
1.00 
0.80 
\o.GO 
0.40 
020 
0 


IOOm/1 

— I 

1 

0LL  = 

OmA 

1 

;0LL=  20mA 

< 

0LL=  10mA 

lTt«3t  -  TPCOt 


-50  -25      0      25      50     75     1  00    1  25 
TEMPERATURE  (°C) 


LT1431  -TPC02 


Propagation  Delay  vs  Overdrive 


Voltage  Gain  and  Phase  vs 
Frequency 


Jin 

JV_PHASF 

iA 

I — 

10k  100k 
FREQUENCY  (Hz) 


Transconductance  and  Phase  vs 
Frequency  (Ref  to  Coll) 
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LT1431 


Transconductance  and  Phase  vs 

Frequency  (Ref  to  Comp)  Dynamic  Impedance  vs  Frequency         Vcomp  »s  Temperature  vs  Icoll 


0      0.5     1.0     1.5     2.0     2.5     3.0     3.5  1  ,0        1  00        1k        10k       100k  0        1        2        3        4        5  6 

VCOMP(V)  FREQUENCY  (Hz)  TIME  (MINUTES) 


BLOCK  DMGRAfl) 


5  ~  6~ 

GND-SENSE  GND-F0RCE 


LT1431 


AppucRTions  mFonmflTion 

Pin  Functions 

Pin  1  COLL:  Open  collector  of  the  output  transistor.  The 
maximum  pin  voltage  is  36V.  The  saturation  voltage  at 
100mA  is  approximately  1V. 

Pin  2  COMP:  Base  of  the  driver  for  the  output  transistor. 
This  pin  allows  additional  compensation  for  complex  feed- 
back systems  and  shutdown  of  the  regulator.  It  must  be 
left  open  if  unused. 

Pin  3  V+:  Bias  voltage  for  the  entire  shunt  regulator.  The 
maximum  input  voltage  is  36V  and  the  minimum  to  oper- 
ate is  equal  to  Vref  (2.5V).  The  quiescent  current  is  typ- 
ically 0.6mA. 

Pin  4  Rtop:  Top  of  the  on-chip  5k-5k  resistive  divider  that 
guarantees  1%  accuracy  of  operation  as  a  5V  shunt 
regulator  with  no  external  trim.  The  pin  is  tied  to  COLL  for 
self-contained  5V  operation.  It  may  be  left  open  if  unused. 
See  note  on  parasitic  diodes  below. 

Pin  5  GND-S:  Ground  reference  for  the  on-chip  resistive  di- 
vider and  shunt  regulator  circuitry  except  for  the  output 
transistor.  This  pin  allows  external  current  limit  of  the  out- 
put transistor  with  one  resistor  between  GND-F  (force)  and 
GND-S  (sense). 

Pin  6  GND-F:  Emitter  of  the  output  transistor  and  sub- 
strate connection  for  the  die. 

Pin  7  Rmid:  Middle  of  the  on-chip  resistive  divider  string 
between  Rtop  and  GND-S.  The  pin  is  tied  to  REF  for  self- 
contained  5V  operation.  It  may  be  left  open  if  unused. 

Pin  8  REF:  Control  pin  of  the  shunt  regulator  with  a  2.5V 
threshold.  If  V+>3V,  input  bias  current  cancellation  re- 
duces lb  to  0.2/iA  typical. 

COMP,  Rtop,  Rmid,  and  REF  have  static  discharge  protec- 
tion circuits  that  must  not  be  activated  on  a  continuous 
basis.  Therefore,  the  absolute  maximum  DC  voltage  on 
these  pins  is  6V,  well  beyond  the  normal  operating 
conditions. 


As  with  all  bipolar  ICs,  the  LT1431  contains  parasitic 
diodes  which  must  not  be  forward  biased  or  else  anoma- 
lous behavior  will  result.  Pin  conditions  to  be  avoided  are 
Rtop  below  Rmid  in  voltage  and  any  pin  below  GND-F  in 
voltage  (except  for  GND-S). 

The  following  pin  definitions  apply  to  the  Z  package. 

Pin  1  CATHODE:  Corresponds  to  COLL  and  V+  tied  together. 

Pin  2  ANODE:  Corresponds  to  GND-S  and  GND-F  tied 
together. 

Pin  3  REF:  Corresponds  to  REF. 
Frequency  Compensation 

As  a  shunt  regulator,  the  LT1431  is  stable  for  all  capacitive 
loads  on  the  COLL  pin.  Capacitive  loading  between  0.01/iF 
and  18/iF  causes  reduced  phase  margin  with  some  ringing 
under  transient  conditions.  Output  capacitors  should  not 
be  used  arbitrarily  because  output  noise  is  not  necessarily 
reduced. 

Excess  capacitance  on  the  REF  pin  can  introduce  enough 
phase  shift  to  induce  oscillation  when  configured  as  a 
reference  >2.5V.  This  can  be  compensated  with  ca- 
pacitance between  COLL  and  REF  (phase  lead).  More  com- 
plicated feedback  loops  may  require  shaping  of  the 
frequency  response  of  the  LT1431  with  dominant  pole  or 
pole-zero  compensation.  This  can  be  accomplished  with  a 
capacitor  or  series  resistor  and  capacitor  between  COLL 
and  COMP. 

The  compensation  schemes  mentioned  above  use  voltage 
feedback  to  stabilize  the  circuits.  There  must  be  voltage 
gain  at  the  COLL  pin  for  them  to  be  effective,  so  the  COLL 
pin  must  see  a  reasonable  AC  impedance.  Capacitive 
loading  of  the  COLL  pin  reduces  the  AC  impedance,  volt- 
age gain,  and  frequency  response,  thereby  decreasing  the 
effectiveness  of  the  compensation  schemes,  but  also  de- 
creasing their  necessity. 
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Tvpicnt  applications 


2.5V  Reference 
3-Pin  Package 


2.5V  Reference 
8-Pin  Package 


5V  Reference 


VlN- 


CATHODE 
REF 


T 


.2.5V 


Increasing  5V  Reference 


Programmable  Reference  with  Adjustable  Current  Limit 


Vim  W 


M 

>—  Rtab 


•  5V  +  4 


COLL 

Rtop  REF 


I    GNKS  GND-F 


1  stes 


T 


A  =  R  x  (0.5mA)  ±  25%  PROCESS  TOLERANCE 
4<  500mV 


VlN 


1 

;R1 

v  + 

COLL 

REF 

LT1431 

;R2 

GND-S 

GND-F 

I 


■V0UT=     1+w  V«EF 


Rlim 
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TYPICAL  RPPUCRTIOnS 


PNP  Low  Dropout  5V  Regulator* 


420mV@4A  4 
190mV82A 
95mV@1A 
60mV#0.5A 
•NO  SHORT  CIRCUIT  PROTECTION 
"MAY  BE  INCREASED  AT  LOWER  WATTAGE 
FOR  LOWER  OUTPUT  CURRENTS 

FET  Low  Dropout  5V  Regulator  with  Current  Limit 


V|N  >  5.2V  - 


47,F 


T 


Measured  Dropout  Voltages 


'load 

MTP50N05EL 

MTM25N05L 

2A 

47mV 

145mV 

1A 

22mV 

73mV 

0.5A 

11.5mV 

37mV 

|    GM>S  GNW 


>5V,2.5A 


•1.5-»23SOLIDCOPPERWIRE 
-0.002Q-3A  LIMIT 
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TYPICAL  APPLICATION 

12V  to  5V  Buck  Converter  with  Foldback  Current  Limit* 


VlN- 


V|N  VoUT 
LT1089 
HI  SIDE  SWITCH 


GND 

IT 


PULSE  ENGINEERING 
#PE-51515 


<  I  ilOO 
^TlMBR735  <1/2W 


1500pF 


COMP 

COLL 

V  + 

REF 

LT1431 

Rtop 

Rmid 

GNW 

•CONTACT  LTC  FOR  HIGH  EFFICIENCY 
SWITCHING  REGULATORS 


•  5V.7A 


:3300,F 


Buck  Converter  Efficiency 


Isolated  5V  to  ±  15V  Flyback  Converter 


Fully  Loaded  Output  Ripple  vs  Filtering 


5o,f: 


-  15V,  70mA 


VlN 

Vsw 

LT1172 

OR 

LT1072 

GND 

Vc 

$1.5 

t 


c- 

LT1172 

LT1072 

X 

^210„F 

30mVp-p 

40mVp-p 

^^100(F  ^|100,F 

6mVp-p 

8mVp-p 

L*  BELL  INDUSTRIES  J.W.MILLER 
DIVISION  9310-36 10/iH,  450mA 


MEASURED  EFFICIENCY 

LT1172  67.8%@2.2Wout 
LT1072  68.6%@2.2Wout 
LT1071  61.1%®4.4WouT 
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TYPicm  flppucnnons 

5V  Power  Supply  Monitor  with  +  500mV 
Window  and  SOmV  Hysteresis 


VlN. 

(5V) 


COLL 
REF 


GND-S 

T 


1N4148 

-M- 


ii 


v  + 


COLL 
REF 


LT1131 
GND-S  GNO-F 


"HIGH"  FOR 
•  OVER  VOLTAGE  OR 
UNDER  VOLTAGE 


10"     "DETERMINES  WINDOW  SIZE 
V  =  (R-5k)(0.5mA| 
"SETS  HYSTERESIS 


Transfer  Function 


3 
VlN 


High  Efficiency  Buck  Converter  E  =  85  -  89% 


BOLD  LINE  INDICATES  HIGH  CURRENT  PATHS 
%  FILM  RESISTORS 
C1  =  NICHICON-UPL1V221MPH 
C6=  NICHIC0N-UPL1C471MPH6 
D1,D2=PHILIPS-BAT85 
D3  =  MOTORALA-MBR330 
L1  =  COILTRONICS  CTX50-3-MP 
C3,  C4,  C5  =  WIMA-MKS-2 


NOTES:  UNLESS  OTHERWISE  SPECIFIED 

1 .  ALL  RESISTANCES  ARE  IN  il.  1/4W,  5% 

2.  ALL  CAPACITANCES  ARE  IN  ^F.  50V.  10% 

3.  SHUTDOWN  LOGIC  STATE  MUST  BE  DEFINED  BY  A  LOGIC  GATE  OR  BY  TYING  TO  GND 
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section  8— monouTHic  filtcrs 


Lin^AB  INDEX 

TECHNOLOGY  IINUtA 


SECTION  8— MONOLITHIC  FILTERS 

INDEX  8-2 

SELECTION  GUIDES  8-3 

PROPRIETARY  PRODUCTS 

LTC1063,  Low  Offset,  Clock  Tunable  5th  Order  Butterworth  Lowpass  Filter  13-21 

LTC1064-2,  LowNoise,  High  Frequency,  8th  Order  Butterworth  Lowpass  Filter  8-5 

L  TC1 064-3,  Low  Noise,  High  Frequency,  8th  Order  Linear  Phase  Lowpass  Filter  8-13 

LTC1 064-4,  LowNoise,  8th  Order,  Clock Sweepable  Cauer Lowpass  Filter  8-21 

LTC1064-7/LTC1164-7/LTC1264-7,  Linear  Phase,  Group  Delay  Equalized,  8th  Order  Lowpass  Filters  13-25 

LTC1164,  Low  Power,  LowNoise,  Quad  Universal  Filter  Building  Block  8-29 

LTC1 164-5,  Low  Power,  Clock  Tunable  8th  Order  Butterworth  Lowpass  Filter  1 3-58 

LTC1164-6,  Low  Power,  Clock  Tunable  8th  Order  Elliptic  Lowpass  Filter  13-62 

LTC1264-7,  Linear  Phase,  Group  Delay  Equalized,  8th  Order  Lowpass  Filter  13-84 
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SWITCHED  CAPACITOR  FILTERS 


User  Configured 
Universal  Filters 


Lowpass  Filters 


Very  High  Speed 


LTC1264  (200kHz,  4  Section) 


High  Speed/Low  Noise 


LTC1064(140kHz,  4  Section) 


Medium  Speed 


LTC1059  (40kHz,  1  Section) 
LTC1060  (20kHz,  2  Section) 
LTC1061  (35kHz,  3  Section) 


Low  Power/Low  Noise 


LTC1164  (20kHz,  4  Section) 


DC  Accurate 


LTC1062  (20kHz,  5th  Order) 
LTC1063  (20kHz,  5th  Order) 


8th  Order 
Cauer/Low  Noise 


LTC1 064-1  (50kHz) 

LTC1 064-4  (100kHz) 

LTC1 164-6  (20kHz;  Low  Power) 


8th  Order 
Butterworth/Low  Noise 


LTC1064-2(Upto140kHz) 





8th  Order  Linear  Phase 
Bessel/Low  Noise 


LTC1 064-3  (Up  to  100kHz) 


Semi-Custom/Low  Noise 


LTC1064-XX(4  Section) 
LTC1064-XX  (4  Section) 


8th  Order  Selectable 
Btrwth/Linear  Phase 

LTC1 164-5  (Up  to  20kHz,  Low  Noise) 

8th  Order  Linear  Phase 
and  Fast  Rolloff 

LTC1 264-7  (Up  to  250kHz,  High  Speed) 
LTC1 164-7  (Up  to  20kHz,  Low  Power) 
LTC1 064-7  (Up  to  100kHz,  Low  Noise) 
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FILTER  SELECTION  GUIDE 


imnoDUcnon 

The  LTC  family  of  switched  capacitor  filters  offers  the  system  designer  cost  effective  and  space  saving  alternatives  to  filter  designs 
implemented  with  op  amps.  A  single  IC  filter  can  be  used  to  replace  multiple  amplifiers  and  external  capacitors. 

Since  their  center  frequencies  are  set  by  a  stable  external  clock,  switched  capacitor  filters  virtually  eliminate  the  temperature  drift  problems 
associated  with  active  RC  filter  designs.  This  clock  tuning  also  allows  the  adjustment  of  corner  frequency  over  a  wide  range  (greater  than 
1 06:1  for  the  LTC1064  family),  permitting  one  filter  to  do  the  job  of  multiple  active  RC  filters. 

LTC's  filter  offerings  include  single,  dual,  triple,  and  quad  block  products  and  range  in  performance  from  improved  replacements  for  the 
industry  standard  MF5  and  MF10,  to  state-of-the-art  products  such  as  the  LTC1 064/1 164/1 264  families.  The  LTC1 064/1 164/1 264  "Dash 
Series"  products  are  one  chip  solutions  requiring  no  external  components.  Our  semi-custom  programs  offer  an  ASIC  solution  to  high 
performance  or  higher  volume  system  needs. 


F€ATUR€S 

■  Clock  Tunable  Center  Frequencies 

■  Stable,  Selectable  Clock  to  Center  Frequency  Ratios 

■  Center  Frequencies  to  300kHz 

■  Noise  Performance  As  Low  As  80u.V,  Wideband 

■  Available  with  Zero  DC  Offset 

■  Filter  CAD  Program  Available  for  Low-Effort  Design 

■  Available  as  Universal  Filter  Blocks,  Dedicated  Filters, 
or  Semi-Custom  Fixed  Filters 

■  Improved  Replacements  for  Industry  Standard  MF5 
i  MF10 

ce  Mount  Packages 


flPPLicnnons 

■  Antialiasing  Filters 

■  Telecom  Filters 

■  Spectral  Analysis 

■  DSP 

■  Loop  Filters 

■  Audio 


PART 

SO 

PIN 

NUMBER 

#  SECTIONS 

f„  MAX 

V'CLK 

TCI„ 

PKG 

COUNT 

FEATURES 

LTC1059 

1 

40kHz 

100,50:1 

5ppm/°C 

Y 

14 

Low  Noise,  Low  Crosstalk,  Universal  Filter  Block 

LTC1060 

2 

20kHz 

100,  50:1 

10ppm/°C 

Y 

20 

Improved  MF5  Replacement 

LTC1061 

3 

35kHz 

100,  50:1 

1  ppm/°C 

Y 

20 

Improved  MF10  Replacement 

LTC1062 

2 

20kHz 

100:1 

10ppm/°C 

Y 

8 

Fifth  Order  Low  Pass  Filter,  No  DC  Offset 

LTC1064 

4 

140kHz 

100,  50:1 

1  ppm/°C 

Y 

24 

Universal,  Low  Noise,  Fast  Quad  Filter 

LTC1 064-1 

4 

50kHz 

100:1 

1  ppm/°C 

Y 

14 

Low  Noise,  Cauer  Lowpass  Filter 

LTC1 064-2 

4 

140kHz 

100,  50:1 

1  ppm/°C 

Y 

14 

Low  Noise,  High  Frequency  Butterworth  Lowpass  Filter 

LTC1 064-3 

4 

100kHz 

150,75:1 

1ppm/°C 

Y 

14 

Low  Noise,  Linear  Phase  Bessel  Lowpass  Filter 

LTC1 064-4 

4 

100kHz 

100,  50:1 

1ppm/°C 

Y 

14 

Low  Noise,  High  Speed  Cauer  Lowpass  Filter 

LTC1 064-7 

4 

100kHz 

100,  50:1 

1ppm/°C 

Y 

14 

Constant  Group  Delay,  Lowpass  Filter 

LTC1064-XX 

4 

to  140kHz 

100,50:1 

1ppm/°C 

Y 

14 

Semi-Custom  Low  Noise.  High  Speed  Filter 

LTC1164 

4 

20kHz 

100,50:1 

1ppm/°C 

Y 

24 

Universal,  Low  Noise,  Low  Power,  Wide  Dynamic  Range  Filter 

LTC1 164-5 

4 

20kHz 

100,  50:1 

1  ppm/°C 

Y 

14 

Low  Power,  Butterworth/Bessel  Lowpass  Filter 

LTC1 164-7 

4 

20kHz 

100,  50:1 

1ppm/°C 

Y 

14 

Constant  Group  Delay,  Low  Power,  Lowpass  Filter 

LTC1164-XX 

4 

to  20kHz 

100,50:1 

1  ppm/°C 

Y 

14 

Semi-Custom  Low  Noise,  Low  Power  Filter 

LTC1264 

4 

300kHz 

20:1 

1  ppm/°C 

Y 

24 

Very  High  Speed  Universal  Quad  Filter 

LTC1 264-7 

4 

250kHz 

50,  25:1 

1  ppm/°C 

Y 

14 

Constant  Group  Delay,  High  Speed,  Lowpass  Filter 
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 LTC1Q64-2 

TECHNOLOGY         |_ow  |\j0jse/  High  Frequency, 
8th  Order  Butterworth  Lowpass  Filter 


■  8th  Order  Filter  in  a  14-Pin  Package 

■  140kHz  Maximum  Corner  Frequency 

■  No  External  Components 

■  50:1  and  100:1  Clock  to  Cutoff  Frequency  Ratio 

■  80/iVrms  Total  Wideband  Noise 

■  0.03%  THD  or  Better 

■  Operates  from  ±  2.37V  to  ±8V  Power  Supplies 

APPLICATION 

■  Antialiasing  Filters 

■  Smoothing  Filters 

■  Tracking  High  Frequency  Lowpass  Filters 


DCSCRIPTIOn 

The  LTC1064-2  is  a  monolithic  8th  order  lowpass  Butter- 
worth  filter,  which  provides  a  maximally  flat  passband. 
The  attenuation  slope  is  -48dB/octave  and  the  maximum 
attenuation  is  in  excess  of  80dB.  An  external  TTL  or  CMOS 
clock  programs  the  filter's  cutoff  frequency.  The  clock  to 
cutoff  frequency  ratio  is  100:1  (pin  10  at  negative  supply) 
or  50:1  (pin  10  at  V+).  The  maximum  cutoff  frequency  is 
140kHz.  No  external  components  are  needed. 

The  LTC1 064-2  features  low  wideband  noise  and  low  har- 
monic distortion  even  for  input  voltages  up  to  3Vrms-  In 
fact  the  LTC1064-2  overall  performance  competes  with 
equivalent  multi-op  amp  RC  active  realizations.  The 
LTC1064-2  is  available  in  a  14-pin  DIP  or  16-pin  surface 
mounted  SOL  package.  The  LTC1064-2  is  fabricated  using 
LTC's  enhanced  analog  CMOS  Si-gate  process. 

The  LTC1064-2  is  pin  compatible  with  the  LTC1064-1. 


TYPICAL  APPUCATIOn 


8th  Order  Clock  Sweepable 
Lowpass  Butterworth  Filter 


V|N" 


ANALOG  3 
GND  -=~ 

8V  

ANALOG  _5 
GND  ^7 

NC  

7 


RIN(A) 


r 


OUT(C) 

 NC 

 8V 

 CLOCK=5MHz 

 V  + 


NOTE:  THE  POWER  SUPPLIES  SHOULD  BE  BYPASSED  BY  A  0.1 /iF 
CAPACITOR  CLOSE  TO  THE  PACKAGE.  THE  NC  PINS  1,  6,  8.  AND 
13  SHOULD  BE  PREFERABLY  GROUNDED. 


Measured  Frequency  Response 


OdB 
-1MB 
-30dB 


M  -45dB 


-75dB 
-90dB 
-105dB 


V 

j=±7 

.5V 

0      100    200    300    400  500 
FREQUENCY  (kHz) 
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LTC1064-2  

absolute  mnximum  ratiags 

Total  Supply  Voltage  (V  +  to  V  - )  16.5V 

Power  Dissipation  400mW 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 








Opeiiing,  Temperature  Range 

LTC1064-2M  

LTC1064-2C  


.-55°Cto125°C 
,.-40°Cto85°C 


PACKAG€/OAD€R  lAFORfflATlOA 


TOP  VIEW 

NC  {T 

fJI  DUTC 

V,N  U. 

13)  NC 

AGND  [T 

iU  v- 

[J 

AGND  £5 

LTC10M-2 

ii]  'cm 

icj  50/100 

NC  [? 

"in  *  U. 

J\  NC 

-leaS 

£                H  PACKAGE 
die  HP     M-LEAO  PLASTIC  DIP 

ORDER  PART 
NUMBER 


LTC1064-2MJ 
LTC1064-2CJ 
LTC1064-2CN 


NC  [7 

v«E  . 

AGND  [T 

v+  [7 

AGND  [T 

nc  [e 
nc  (7 

R,NA  [T 


H  OUTC 

rj  NC 
|3  v- 
rj  nc 

'CLK 
H]  50/100 
io|  NC 

B  V0JT 


ORDER  PART 
NUMBER 


LTC1064-2CS 


€l€CTRICAl  CHARACTERISTICS 

Vs  =  ±  7.5V,  100:1 ,  f  clk  =  2MHz,  R1  =  1 0k!!,  TA  =  25°,  TTLclock  input  level,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN        TYP  MAX 

UNITS 

Passband  Gain  (Note  1) 
Gain  TempCo 
-  3dB  Frequency 

Gain  at  -3dB  Frequency 
Stopband  Attenuation 
Stopband  Attenuation 
Stopband  Attenuation 
Stopband  Attenuation 

Referenced  to  0dB,1Hz  to  1kHz 

100:1 
50:1 

Referenced  to  OdB,  fw= 20kHz 
At1.5f_3dBl50:1,flN  =  60kHz 
At  2f_Me,  100:1,  f,N  =  40kHz 
At  3f.MB,  100:1,  f,N  =  60kHz 
At  4f_3i6, 100:1,  f|N  =  80kHz 

• 

• 
• 
• 

-0.5  0.15 
0.0002 
20 
40 

-3  -2.75 
-24  -27 
-44  -47 

-74 

-90 

dB 
dB/°C 
kHz 
kHz 
dB 
dB 
dB 
dB 
dB 

Input  Frequency  Range 

100:1 
50:1 

0  <fcLK/2 
0  <'ciK 

kHz 
kHz 

Output  Voltage  Swing  and 
Operating  Input  Voltage  Range 

Vs=  ±  2.37V 
VS=±5V 
Vs=  ±7.5V 

• 
• 
• 

±1.1 
±3.1 
±5.0 

V 
V 
V 

Total  Harmonic  Distortion 

Vs=  ±5V,lnput  =  1VRMSat1kHz 
Vs=  ±7.5V,lnput=3VRMSat1kHz 

0.015 
0.03 

% 
% 

Wideband  Noise 

Vs  =  ±5V,lnput  =  GND1Hz-1.99MHz 
Vs=  ±7.5V,lnput  =  GND1Hz-1.99MHz 

80 
90 

fvnMS 

Output  DC  Offset  (Note  1) 
Output  DC  Offset  TempCo 

Vs=  ±7.5V 
VS=±5V 

±30  ±125 
±90 

mV 
fll'C 

Input  Impedance 

10  20 

kfi 

Output  Impedance 

f0UT  =  10kHz 

2 

a 

Output  Short  Circuit  Current 

Source/Sink 

3/1 

mA 

Clock  Feedthrough 

200 

cVrms 

Maximum  Clock  Frequency 

50%  Duty  Cycle,  VS=±5V 

50%  Duty  Cycle,  TA  =  25°C,  Vs  =  ±  7.5V 

5 
7 

MHz 
MHz 

Power  Supply  Current 

Vs=  ±  2.37V,  fCLK  =  1  MHz 
Vs=±5V,fCLK  =  1MHz 

Vs=±7.5V,fCLK  =  1MHz 

• 
• 
• 

11  22 
14  23 
26 

17  28 
32 

mA 
mA 
mA 
mA 
mA 

Power  Supply  Voltage  Range 

• 

±2.37  ±8 

V 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  Note  1:  For  tighter  specifications  contact  LTC  Marketing, 

temperature  range. 
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LTC1064-2 


tvpical  pcRFonmnncc  chrrhctcristics 

Graph  1 .  Amplitude  Response  Graph  2.  Phase  Response 


I  I 
=  ±7.5  . 
=25°C 
K=1MHz  - 

61 

Ta 

'% 
10 

f_ 

3dB= 

,10k 

Hz 

0    12  3 


4    5    6  7 

fill  (kHz) 


8    9    10  11 


Graph  3.  Group  Delay  vs 
Frequency 


220 
200 
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160 
1  140 
§  120 
£  100 
1  80 

CD 

60 
40 

20 
0 


1  1 

Vs=±7.5\ 
TA=25°C 
-fCLK=1MH 
100:1 

1-3DB 

=  10 

Hz 

4    5    6  7 
fIN(kHz| 


9    10  11 


Graph  4.  Phase  vs  f  _  3cJb 
Frequency 
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1 
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B=  1UKHZ 
= 20kHz 
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Graph  5.  Phase  Matching 
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Graph  6.  Noise  Spectral  Density 
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C.  fcLK  =  5MHz,  100:1 , 1-  MB  =  50kHz 


1k  10k 
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Graph  7.  Harmonic  Distortion  vs 
Frequency 


:  feu  =  1  MHz,  ( .  MB  =  20kHz,  50:1  - 

:a.  ±5V,iVrmsinput  : 

"  B.  ±  7.5V,  3Vrms  INPUT 


Graph  8.  Harmonic  Distortion  vs 
Amplitude 


0.001 


=  lCLK  =  1MHZ.I-MB  =  20kHz  = 
:50:1,1kHz  INPUT 
-A.  ±2.5V 
-B.  ±5V 
C.  ±7V 


Graph  9.  Power  Supply  vs  Current 
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LTC1064-2 


typical  pcRFORmnnce  chrrrctcristks 


Graph  10.  Amplitude  Response 
with  Pin  10  at  Ground 


o 
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PIN  10  AT  GROUND 

<  =  1 

MM 
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Table  1.  Gain/Delay,  f  _3dB  =  1kHz, 

LTC1 064-2 Typical  Response  Vs=  ±5VJa  =  250C 

tCLK  =  50kHz,  Ratio  =  Pin  10  at  V  +  (fltr  50:1) 


10 
flN(KHz) 


100 


Table  2.  Gain,  f_3dB  =  1kHz, 

LTC1064-2  Typical  Response  Vs  =  ±  5V,  TA  =  25"C 

fCLK  =  50kHz,  Ratio  =  Pin  10  at  V  +  (fltr  50:1) 


FREQUENCY 

GAIN 

DELAY 

0.200kHz 

-0.247dB 

0.857ms 

0.300kHz 

-0.270dB 

0.872ms 

0.400kHz 

-0.290dB 

0.893ms 

0.500kHz 

-0.300dB 

0.929ms 

0.600kHz 

-0.320dB 

0.983ms 

0.700kHz 

-0.370dB 

1  071ms 

0.800kHz 

-0.520dB 

1.210ms 

0.900kHz 

-1.200dB 

1.364ms 

1.000kHz 

-3.380dB 

1.381ms 

1.100kHz 

-7.530dB 

1.192ms 

1.200kHz 

-  12.670dB 

0.935ms 

Table 3.  Gain/Delay,  f _3dB  =  1kHz. 

LTC1064-2  Typical  Response  Vs  =  ±  5V,  TA  =  25°C 

fCLK  =  100kHz,  Ratio  =  Pin  10 at  V"  (fltr  100:1) 

FREQUENCY 

GAIN 

DELAY 

0.200kHz 

-0.213dB 

0.821ms 

0.300kHz 

-0.240dB 

0.837ms 

0.400kHz 

-0.260dB 

0.858ms 

0.500kHz 

-0.280dB 

0.893ms 

0.600kHz 

-0.310dB 

0.947ms 

0.700kHz 

-0.370dB 

1.034ms 

0.800kHz 

-0.530dB 

1.172ms 

0.900kHz 

-1.200dB 

1.325ms 

1.000kHz 

-3.370dB 

1.346ms 

1.100kHz 

-7.500dB 

1.158ms 

1.200kHz 

-  12.640dB 

0.899ms 

FREQUENCY 

GAIN 

0.500kHz 

-0.298dB 

1.000kHz 

-3.380dB 

1.500kHz 

-27.500dB 

2.000kHz 

-47.200dB 

2.500kHz 

-63.300dB 

3.000kHz 

-75.190dB 

3.500kHz 

-86.100dB 

4.000kHz 

-95.310dB 

4.500kHz 

-  104.240dB 

5.000kHz 

-109.650dB 

5.500kHz 

-121.930dB 

6.000kHz 

-123.920dB 

6.500kHz 

-114.150dB 

7.000kHz 

-116.990dB 

7.500kHz 

-  120.070dB 

8.000kHz 

-113.470dB 

8.500kHz 

-  130.090dB 

9.000kHz 

-114.770dB 

9.500kHz 

-117.760dB 
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LTC1 064-2 


TVPICfiL  P€RFOnmflftC€  CHnfiflCT€RISTICS 


Table  4.  Gain.  f_3dB  =  1kHz. 

LTC1064-2  Typical  Response  Vs  =  ±  5V,  TA = 25°C 

Iclk = 100kHz,  Ratio  =  Pin  10  at  V  -  (ffltr  100:1) 


FREQUENCY 

GAIN 

0.500kHz 

-0.279dB 

1.000kHz 

-3.370dB 

1.500kHz 

-27.500dB 

2.000kHz 

-47.200dB 

2.500kHz 

-62.300dB 

3.000kHz 

-75.130dB 

3.500kHz 

-86.090dB 

4.000kHz 

-95.210dB 

4.500kHz 

-  103.030dB 

5.000kHz 

-  108.690dB 

5.500kHz 

-114.830dB 

6.000kHz 

-120.540dB 

6.500kHz 

-114.750dB 

7.000kHz 

-116.430dB 

7.500kHz 

-120.790dB 

8.000kHz 

-121.290dB 

8.500kHz 

-119.970dB 

9.000kHz 

-120.020dB 

9.500kHz 

-125.170dB 

Table  5.  Gain,  I  _3dB  =  20kHz, 

LTC1064-2 Typical  Response  Vs=  ± 7.5V, TA = 25°C 

fCLK  =  1  MHz,  Ratio  =  Pin  1 0  at  V  +  (f  Itr  50:1 ) 


FREQUENCY 

GAIN 

10.000kHz 

-0.308dB 

20.000kHz 

-3.350dB 

30.000kHz 

-27.400dB 

40.000kHz 

-47.100dB 

50.000kHz 

-62.300dB 

60.000kHz 

-74.890dB 

70.000kHz 

-85.430dB 

80.000kHz 

-95.070dB 

90.000kHz 

-103.150dB 

100.000kHz 

-108.700dB 

110.000kHz 

-107.520dB 

120.000kHz 

-  108.030dB 

130.000kHz 

-104.990dB 

140.000kHz 

-  106.090dB 

150.000kHz 

-  105.320dB 

Table6.  Gain, f_3dB  =  140kHz, 
LTC1064-2Typical  Response  Vs=  ±  7.5V,  TA  =  25°C 
fCLK  =  7MHz,  Ratio = Pin  10  at  V  +  (fltr  50:1) 


FREQUENCY 

GAIN 

50.000kHz 

-0.238dB 

60.000kHz 

-0.140dB 

70.000kHz 

0.050dB 

80.000kHz 

0.350dB 

90.000kHz 

0.810dB 

100.000kHz 

1.45MB 

110.000kHz 

2.11MB 

120.000kHz 

1.83MB 

130.000kHz 

-0.700dB 

140.000kHz 

-4.840dB 

150.000kHz 

-9.350dB 

160.000kHz 

-  13.690dB 

170.000kHz 

-17.760dB 

180.000kHz 

-21.60MB 

190.000kHz 

-25.200dB 

200.000kHz 

-28.500dB 

210.000kHz 

-31.80MB 

220.000kHz 

-34.800dB 

230.000kHz 

-37.700dB 

240.000kHz 

-40.500dB 

250.000kHz 

-43.200dB 

260.000kHz 

-45.700dB 

270.000kHz 

-48.200dB 

280.000kHz 

-50.500dB 

290.000kHz 

-52.700dB 

300.000kHz 

-54.900dB 

XTUDSfiB 
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Table  7.  Gain  for  Non-Butterworth  Response  (Pin  10  to  GND) 
LTC1064-2  Typical  Response  Vs  =  ±  5V,  TA  =  25°C 
fCLK  =  100kHz 


rnbUUbNl/T 

P  AIM 

0.500kHZ 

-  U.UliiGb 

1  .000kHz 

1.240dB 

1.500kHz 

1A  SOP  -i  D 

2-OUUknz 

-^o.bUUflD 

^.DUUKMZ 

—  *H.lUUub 

3.000kHz 

-52.500dB 

3.500kHz 

-  62.800(1  B 

4.000kHz 

-71.500dB 

4.500kHz 

-79.370dB 

5.000kHz 

-86.730dB 

5.500kHz 

-93.340dB 

6.000kHz 

-99.350dB 

6.500kHz 

-105.270dB 

7.000kHz 

-113.270dB 

7.500kHz 

-114.600dB 

8.000kHz 

-114.010dB 

8.500kHz 

-122.810dB 

9.000kHz 

-122.980dB 

9.500kHz 

-119.450dB 

pin  DcscRiPTion 

Power  Supply  Pins  (4, 12) 

The  V+  (pin  4)  and  V"  (pin  12)  should  be  bypassed  with  a 
0. 1jiF  capacitor  to  an  adequate  analog  ground.  Low  noise, 
non-switching  power  supplies  are  recommended.  To  avoid 
latch  up  when  the  power  supplies  exhibit  high  turn-on 
transients,  a  1N5817  schottky  diode  should  be  added  from 
the  V  +  and  V  -  pins  to  ground,  Figures  1 , 2  and  3. 

Clock  Pin  (11) 

For  ±5V  supplies  the  logic  threshold  level  is  1.4V.  For 
±8V  and  OV  to  5V  supplies  the  logic  threshold  levels  are 
2.2V  and  3V  respectively.  The  logic  threshold  levels  vary 
±100mV  over  the  full  military  temperature  range.  The 


recommended  duty  cycle  of  the  input  clock  is  50%  al- 
though for  clock  frequencies  below  500kHz  the  clock  "on" 
time  can  be  as  low  as  200ns.  The  maximum  clock  fre- 
quency for  ±5V  supplies  is  4MHz.  For  ±7V  supplies  and 
above,  the  maximum  clock  frequency  is  7MHz.  Do  not  al- 
low the  clock  levels  to  exceed  the  power  supplies.  For  sin- 
gle supply  operation  >6V  use  level  shifting  at  pin  11  with 
T2L  levels,  see  Figure  4. 

Analog  Ground  Pins  (3, 5) 

For  dual  supply  operation  these  pins  should  be  connected 
to  a  ground  plane.  For  single  supply  operation  both  pins 
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pin  DcscniPTion 

Connection  Pins  (7, 14) 

A  very  short  connection  between  pins  14  and  7  is  recom- 
mended. This  connection  should  be  preferably  done  under 
the  IC  package.  In  a  breadboard,  use  a  one  inch,  or  less, 
shielded  coaxial  cable;  the  shield  should  be  grounded.  In  a 
PC  board,  use  a  one  inch  trace  or  less;  surround  the  trace 
by  a  ground  plane. 

Input,  Output  Pins  (2, 9) 

The  input  pin  2  is  connected  to  an  18M2  resistor  tied  to  the 
inverting  input  of  an  op  amp.  Pin  2  is  protected  against 
static  discharge.  The  device's  output,  pin  9,  is  the  output 
of  an  op  amp  which  can  typically  source/sink  3/1mA.  Al- 
though the  internal  op  amps  are  unity  gain  stable,  driving 
long  coax  cables  is  not  recommended. 

When  testing  the  device  for  noise  and  distortion,  the  out- 
put, pin  9,  should  be  buffered,  Figure  1.  The  op  amp  power 
supply  wire  (or  trace)  should  be  connected  directly  to  the 


POWER  SOURCE 


T— "O.VF 
U102Z.  LI31B.  LIlObB  — 


Figure  1 .  Buffering  the  Filter  Output.  The  Buffer  Op  Amp  Should 
Not  Share  the  LTC1064-2  Power  Lines. 


power  source.  To  eliminate  switching  transients  from  filter 
output,  buffer  filter  output  with  a  third  order  lowpass,  see 
Figure  5. 

NC  Pins  (1,6, 8, 13) 

The  "no  connection"  pins  should  be  preferably  grounded. 
These  pins  are  not  internally  connected. 

Ratio  Pin  (10) 

The  DC  level  at  this  pin  determines  the  ratio  of  clock  fre- 
quency to  the  -3dB  frequency  of  the  filter.  The  ratio  is 
50:1  when  pin  10  is  at  V+  and  100:1  when  pin  10  is  at  V-. 
This  pin  should  be  bypassed  with  a  0.1/iF  capacitor  to  ana- 
log ground  when  it's  connected  to  V-  or  V+,  Figure  1.  See 
Tables  1  through  7  for  typical  gain  and  delay  responses  for 
the  two  ratios. 


_j— — \s  — Li 


Figure  2.  Using  Schottky  Diodes  to  Protect  the  IC 
from  Transient  Supply  Reversal. 


Figure  3.  Single  Supply  Operation.  If  Fast  Power  Up  or  Down 
Transients  are  Expected,  Use  a  1 N5817  Schottky  Diode 
Between  Pins  4  and  5.  For  V+  =  5V,  Derive  the  Mid-Supply 
Voltage  with  a  7.5k  Resistor  and  an  LT1004  2.5V  Reference. 
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pin  ocscRiPTion 


Figure  4.  Level  Shifting  the  Input  VI  Clock 
for  Single  Supply  Operation  >  6 V. 


Vout 

0.027»F 


Figure  5.  Adding  an  Output  Buffer-Filter  to  Eliminate  Any  Clock  Feedthrough. 
Passband  ±0.1dB  to  50kHz,  -3dB  at  94kHz. 
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INOLOGY        |_ow  |\|0jse/  High  Frequency, 
8th  Order  Linear  Phase  Lowpass  Filter 


F€ATUR€S 

■  8th  Order  Filter  in  a  14-Pin  Package 

■  95kHz  Maximum  Corner  Frequency 

■  No  External  Components 

■  75:1, 150:1,  and  120:1  Clock  to  Cutoff  Frequency  Ratio 

■  60/iVrms  Total  Wideband  Noise 

■  0.03%  THD  or  Better 

■  Operates  from  ±  2.37V  to  ±8V  Power  Supplies 

■  Low  Total  Output  DC  Offset 

APPUCATIOnS 

■  Antialiasing  Filters 

■  Smoothing  Filters 

■  Tracking  High  Frequency  Lowpass  Filters 


DCSCRIPTIOn 

The  LTC1064-3  is  a  monolithic  8th  order  lowpass  Bessel  fil- 
ter, which  provides  a  linear  phase  response  over  its  entire 
passband.  An  external  TTL  or  CMOS  clock  programs  the 
filter's  cutoff  frequency.  The  clock  to  cutoff  frequency  ra- 
tio is  75:1  (pin  10  at  V+)  or  150:1  (pin  10  at  V)  or  120:1 
(pin  10  at  GND).  The  maximum  cutoff  frequency  is  95kHz. 
No  external  components  are  needed. 

The  LTC1 064-3  features  low  wideband  noise  and  low  har- 
monic distortion  even  for  input  voltages  up  to  3Vrms-  In 
fact  the  LTC1064-3  overall  performance  competes  with 
equivalent  multiple  op  amp  RC  active  realizations.  The 
LTC1064-3  is  available  in  a  14-pin  DIP  or  16-pin  surface 
mounted  SOL  package.  The  LTC1064-3  is  fabricated  using 
LTC's  enhanced  analog  CMOS  Si-gate  process. 

The  LTC1064-3  is  pin  compatible  with  the  LTC1064-1,  -2, 
and  -4. 


TYPICAL  APPUCATIOn 


8th  Order  Clock  Sweepable 
Lowpass  Bessel  Filter 
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LTC1064-3  

absolute  mnximum  ratiags 

Total  Supply  Voltage  (V+  toV")  16.5V 

Power  Dissipation  400mW 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


— — — 

Operating  Temperature  Range 

LTC1064-3M  -55°Cto125°C 

LTC1064-3C  -40°Cto85°C 

Input  Voltage  (V  +  +  0.3V)  to  (V  -  -  0.3V) 

Burn-In  Voltage  15V 
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LTC1064-3CS 


€l€CTRICAl  CHARACTERISTICS 

Vs  =  ±  7.5V,  75:1 ,  fCLK = 2MHz,  R|  =  1 0k0,  TA = 25°,  TTL  or  CMOS  clock  input  level  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Passband  Gain 

Referenced  to  0dB,1Hzto1kHz 

• 

-0.5 

0.15 

dB 

Gain  TempCo 

0.0002 

dB/°C 

-3dB  Frequency 

50:1(Wf-3dB  =  75) 

26.67 

kHz 

100:1  (fCLK«-3dB=150) 

13.34 

kHz 

Gain  at  -3dB  Frequency 

Ref.to0dB,f,N  =  26.67/13.34kHz 

• 

-3.8 

-2.75 

dB 

Stopband  Attenuation 

At3f.MB 

• 

-25 

-29 

dB 

Stopband  Attenuation 

At5f_MB 

• 

-56 

-60 

dB 

Stopband  Attenuation 

At7f-3dB 

-84 

dB 

Input  Frequency  Range 

100:1 

0 

<W2 

kHz 

50:1 

0 

<fcLK 

kHz 

Output  Voltage  Swing  and 

Vs=±  2.37V 

• 

±1.1 

V 

Operating  Input  Voltage  Range 

VS=+5V 

• 

+3.1 

V 

VS=±7.5V 

• 

±5.1 

V 

Total  Harmonic  Distortion 

Vs=±5V,lnput  =  1VnMSat1kHz 

0.015 

% 

Vs=  ±  7.5V,  Input  =  3VRMS  at  1kHz 

0.03 

% 

Wideband  Noise 

Vs=  ±5V,lnput  =  GND1Hz-1.99MHz 

55 

^Vrms 

Vs=  ±7.5V,lnput  =  GND1Hz-1.99MHz 

60 

Output  DC  Offset 

VS=±7.5V 

±30 

±150 

mV 

Output  DC  Offset  TempCo 

VS=±5V 

±20 

VS=±7.5V 

±50 

/.V/°C 

Input  Impedance 

14 

22 

kD 

Output  Impedance 

four = 10kHz 

2 

Q 

Output  Short  Circuit  Current 

Source/Sink 

3/1 

mA 

Clock  Feedthrough 

200 

PVRMS 

Maximum  Clock  Frequency 

VS>±7V  50%  Duty  Cycle 

5 

MHz 

Vs>  ±7V50%  Duty  Cycle,  TA<55°C 

7 

MHz 

Power  Supply  Current 

Vs=±2.37V,fCLK=1MHz 

• 

10 

18 

mA 

Vs=±5V,fCLK  =  1MHz 

12 

20 

mA 

• 

24 

mA 

Vs=  ± 7.5V,  fCLK  =  1  MHz 

16 

24 

mA 

• 

32 

mA 

Power  Supply  Voltage  Range 

• 

±2.37 

±8 

V 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  temperature  range. 
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LTC1064-3 


typical  P€RFonmnnc€  chrrrctcristics 


Graph  1.  Gain  vs  Frequency 


Graph  2.  Phase  vs  Frequency 


Graph  3.  Group  Delay 
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Graph  4.  Phase  Matching 
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Graph  6.  Power  Supply  Current  vs 
Power  Supply  Voltage 
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Graph  7.  Transient  Response 
input  1 0Vp  p  Square  Wave 
Vs=±7.5V,Pin10toV+, 
»Clk  =  1.5MHz 


Table  1.  Wideband  Noise  OiVrms) 


Vs=±  2.37V 

VS=±5V 

VS=±7.5V 

NOISE 

NOISE 

NOISE 

PIN  10  TO 

W-MB 

cVflMS 

PVRMS 

pVrMS 

V  + 

75/1 

50 

55 

60 

V" 

150/1 

52 

58 

62 

GND 

120/1 

45 

50 

54 
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LTC1064-3 


tvpicrl  PCRFonmnnce  chrrrctcristics 


Table 2.  Gain/Phase, f.3dB  =  1kHz, 

LTC1064-3  Typical  Response  Vs  =  ±  5V,  TA = 25°C 

«CLK=75kHz,  Pin  10atV+(fltr  75:1) 


Table  3.  Gain/Delay,  f  _  3dB  =  1kHz, 

LTC1064-3 Typical  Response  Vs=  ±5V,TA=25°C 

fcLK = 75kHz,  Pin  10  at  V+  (fllr  75:1) 


FREQUENCY 

GAIN 

PHASE 

FREQUENCY 

GAIN 

DELAY 

0.500kHz 

-0.858dB 

-90.430  deg 

0.200kHz 

-0.281dB 

0.502ms 

1.000kHz 

-2.990dB 

179.200  deg 

0.300kHz 

-0.420dB 

0.503ms 

1.500kHz 

-6.840dB 

89.600  deg 

0.400kHz 

-0.610dB 

0.503ms 

2.000kHz 

-12.780dB 

3.800  deg 

0.500kHz 

-0.860dB 

0.502ms 

2.500kHz 

-20.800dB 

-71 .000  deg 

0.600kHz 

-1.160dB 

0.502ms 

3.000kHz 

-29.900dB 

-129.600  deg 

0.700kHz 

-1.530dB 

0.502ms 

3.500kHz 

-38.800dB 

-173.700  deg 

0.800kHz 

-1.950dB 

0.503ms 

4.000kHz 

-47.100dB 

152.600  deg 

0.900kHz 

-2.430dB 

0.503ms 

4.500kHz 

-54.700dB 

126.000  deg 

1.000kHz 

-2.990dB 

0.500ms 

5.000kHz 

-61.600dB 

103.300  deg 

1.100kHz 

-3.610dB 

0.500ms 

5.500kHz 

-68.000dB 

85.190  deg 

1.200kHz 

-4.300dB 

0.500ms 

6.000kHz 

-73.840dB 

69.060  deg 

1.300kHz 

-5.060dB 

0.498ms 

6.500kHz 

-79.250dB 

54.780  deg 

1.400kHz 

-5.920dB 

0.495ms 

7.000kHz 

-84.230dB 

42.440  deg 

1.500kHz 

-6.830dB 

0.491ms 

7.500kHz 

-88.940dB 

30.060  deg 

1.600kHz 

-7.840dB 

0.489ms 

8.000kHz 

-93.360dB 

21.300  deg 

1.700kHz 

-8.930dB 

0.481ms 

8.500kHz 

-97.510dB 

10.000  deg 

1.800kHz 

-10.130dB 

0.473ms 

9.000kHz 

-100.880dB 

1.520  deg 

1.900kHz 

-11.410dB 

0.465ms 

9.500kHz 

-105.780dB 

-7.820  deg 

2.000kHz 

-12.780dB 

0.454ms 

Table  4.  Gain/Phase,  f  _mb= 1kHz, 
LTC1064-3  Typical  Response  V$  =  ±  5V,  Ta  = 
(clk  =  150kHz,  Pin  10  at  V-  (fltr  150:1) 

:25°C 

Table  5.  Gain/Delay,  f  _  3dB  =  1kHz, 

LTC1064-3  Typical  Response  Vs  =  ±  5V,  TA = 25°C 

»CLK = 150kHz,  Pin  10  at  V"  (fltr  150:1) 

FREQUENCY 

GAIN 

PHASE 

FREQUENCY 

GAIN 

DELAY 

0.500kHz 

-0.955dB 

-88.100  deg 

0.200kHz 

-0.284dB 

0.490ms 

1.000kHz 

-3.380dB 

-175.300  deg 

0.300kHz 

-0.450dB 

0.489ms 

1.500kHz 

-7.570dB 

99.700  deg 

0.400kHz 

-0.670dB 

0.489ms 

2.000kHz 

-13.770dB 

20.100  deg 

0.500kHz 

-0.960dB 

0.487ms 

2.500kHz 

-21.800dB 

-48.000  deg 

0.600kHz 

-1.310dB 

0.487ms 

3.000kHz 

-30.700dB 

-100.700  deg 

0.700kHz 

-  1.730dB 

0.485ms 

3.500kHz 

-39.400dB 

-139.900  deg 

0.800kHz 

-2.210dB 

0.484ms 

4.000kHz 

-47.600dB 

-  169.200  deg 

0.900kHz 

-2.750dB 

0.482ms 

4.500kHz 

-55.100dB 

168.300  deg 

1.000kHz 

-3.380dB 

0.478ms 

5.000kHz 

-61.900dB 

150.300  deg 

1.100kHz 

-4.070dB 

0.478ms 

5.500kHz 

-68.260dB 

135.830  deg 

1.200kHz 

-4.820dB 

0.475ms 

6.000kHz 

-74.050dB 

123.660  deg 

1.300kHz 

-5.660dB 

0.470ms 

6.500kHz 

-79.450dB 

113.440  deg 

1.400kHz 

-6.580dB 

0.467ms 

7.000kHz 

-84.330dB 

104.440  deg 

1.500kHz 

-7.570dB 

0.463ms 

7.500kHz 

-89.010dB 

97.670  deg 

1.600kHz 

-8.640dB 

0.456ms 

8.000kHz 

-93.250dB 

91.580  deg 

1.700kHz 

-9.790dB 

0.448ms 

8.500kHz 

-97.340dB 

84.670  deg 

1.800kHz 

-11.050dB 

0.438ms 

9.000kHz 

-101.390dB 

74.600  deg 

1.900kHz 

-12.360dB 

0.428ms 

9.500kHz 

-  104.980dB 

75.990  deg 

2.000kHz 

-13.770dB 

0.417ms 
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LTC1064-3 


TYPICAL  P€RFORmnnC€  CHARACTCRISTICS 


Table 6.  Gain/Phase,  f-3dB  =  1kHz, 
LTC1064-3  Typical  Response  Vs  =  +  5V,  TA : 
fdK  =  120kHz,  Pin  10  at  GND  (fltr  120:1) 


25°C 


Table  7.  Gain/Delay,  f  _  mb  =  1  kHz, 

LTC1064-3  Typical  Response  Vs  =  ±  5V,  TA = 25°C 

fdK  =  120kHz,  Pin  10  at  GND  (fltr  120:1) 


FREQUENCY 

GAIN 

PHASE 

0.500kHz 

-0.994dB 

-  82.210  deg 

1.000kHz 

-3.050dB 

-162.800  deg 

1.500kHz 

-6.520dB 

116.700  deg 

2.000kHz 

-12.180dB 

40.200  deg 

2.500kHz 

-19.460dB 

-23.600  deg 

3.000kHz 

-27.200dB 

-74.000  deg 

3.500kHz 

-34.700dB 

-114.200  deg 

4.000kHz 

-41.900dB 

-146.800  deg 

4.500kHz 

-48.700dB 

-173.300  deg 

5.000kHz 

-55.100dB 

164.700  deg 

5.500kHz 

-60.900dB 

145.800  deg 

6.000kHz 

-66.500dB 

130.610  deg 

6.500kHz 

-71.660dP 

117.130  deg 

7.000kHz 

-76.390dB 

105.880  deg 

7.500kHz 

-80.910dB 

96.140  deg 

8.000kHz 

-84.900dB 

87.510  deg 

8.500kHz 

-88.750dB 

81 .380  deg 

9.000kHz 

-92.410dB 

78.190  deg 

9.500kHz 

-98.290dB 

52.860  deg 

TA=25°C 


FREQUENCY 

GAIN 

DELAY 

0.200kHz 

-0.354dB 

•.  0.458ms 

0.300kHz 

-0.520dB 

0.456ms 

0.400kHz 

-0.730dB 

0.454ms 

0.500kHz 

-LOOOdB 

0.452ms 

0.600kHz 

-1.320dB 

0.449ms 

0.700kHz 

-1.670dB 

0.448ms 

0.800kHz 

-2.090dB 

0.446ms 

0.9O0kHz 

-2.540dB 

0.446ms 

1.000kHz 

-3.050dB 

0.445ms 

1.100kHz 

-3.6O0dB 

0.446ms 

1.200kHz 

-4.220dB 

0.449ms 

1.300kHz 

-4.900dB 

0.448ms 

1.400kHz 

-5.670dB 

0.447ms 

1.500kHz 

-6.520dB 

0.446ms 

1.600kHz 

-7.470dB 

0.441ms 

1.700kHz 

-8.500dB 

0.432ms 

1.800kHz 

—  9.650dB 

0.422ms 

1.900kHz 

-10.870dB 

0.409ms 

2.000kHz 

-12.180dB 

0.395ms 

Tables.  Gain/Phase, f-MB  =  20kHz, 
LTC1064-3  Typical  Response  V$  =  ±  7.SV, 
fCLK= 1.5MHz,  Pin  10atV+  (fltr  75:1) 

TA=125°C 


FREQUENCY 

GAIN 

PHASE 

10.000kHz 

-0.912dB 

-92.270  deg 

20.000kHz 

-3.090dB 

176.000  deg 

30.000kHz 

-6.910dB 

85.500  deg 

40.000kHz 

-12.710dB 

-1.200  deg 

50.000kHz 

-20.500dB 

-77.800  deg 

60.000kHz 

-29.400dB 

-138.700  deg 

70.000kHz 

-38.300dB 

174.600  deg 

80.000kHz 

-46.500dB 

138.300  deg 

90.000kHz 

-54.000dB 

109.100  deg 

100.000kHz 

-61.000dB 

84.800  deg 

110.000kHz 

-67.310dB 

64.040  deg 

120.000kHz 

-73.170dB 

46.260  deg 

130.000kHz 

-78.600dB 

31.120  deg 

140.000kHz 

-83.760dB 

18.050  deg 

150.000kHz 

-88.630dB 

7.770  deg 

FREQUENCY 

GAIN 

PHASE 

10.000kHz 

-0.944dB 

-92.880  deg 

20.000kHz 

-3.170dB 

175.500  deg 

30.000kHz 

-6.910dB 

85.700  deg 

40.000kHz 

-12.450dB 

-0.600  deg 

50.000kHz 

-19.920dB 

-78.000  deg 

60.000kHz 

-28.500dB 

-140.700  deg 

70.000kHz 

-37.200dB 

170.500  deg 

80.000kHz 

-45.300dB 

132.200  deg 

90.000kHz 

-52.700dB 

100.900  deg 

100.000kHz 

-59.600dB 

74.900  deg 

110.000kHz 

-65.900dB 

52.600  deg 

120.000kHz 

-71.750dB 

32.850  deg 

130.000kHz 

-77.170dB 

15.840  deg 

140.000kHz 

-82.370dB 

1.130  deg 

150.000kHz 

-87.400dB 

-11.380  deg 

XTUD558 
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pin  ocscRiPTion 

Power  Supply  Pins  (4, 12) 

The  V+  (pin  4)  and  V~  (pin  12)  should  be  bypassed  with  a 
O.'1/tF  capacitor  to  an  adequate  analog  ground.  Low  noise, 
non-switching  power  supplies  are  recommended.  To  avoid 
latch  up  when  the  power  supplies  exhibit  high  turn-on 
transients,  a  1N5817  schottky  diode  should  be  added  from 
the  V  +  and  V  ~  pins  to  ground,  Figures  1, 2  and  3. 

Clock  Pin  (11) 

For  ±5V  supplies  the  logic  threshold  level  is  1.4V.  For 
±8V  and  OV  to  5V  supplies  the  logic  threshold  levels  are 
2.2V  and  3V  respectively.  The  logic  threshold  levels  vary 
±100mV  over  the  full  military  temperature  range.  The 
recommended  duty  cycle  of  the  input  clock  is  50%  al- 
though for  clock  frequencies  below  500kHz  the  clock  "on" 
time  can  be  as  low  as  200ns.  The  maximum  clock  fre- 
quency for  +  5V  supplies  is  4MHz.  For  ±  7V  supplies  and 
above,  the  maximum  clock  frequency  is  7MHz.  Do  not  al- 
low the  clock  levels  to  exceed  the  power  supplies.  For  sin- 
gle supply  operation  >6V  use  level  shifting  at  pin  11  with 
T2L  levels,  see  Figure  4. 

Analog  Ground  Pins  (3, 5) 

For  dual  supply  operation  these  pins  should  be  connected 
to  a  ground  plane.  For  single  supply  operation  both  pins 
should  be  tied  to  one  half  supply,  Figure  3. 

Connection  Pins  (7,14) 

A  very  short  connection  between  pins  14  and  7  is  recom- 
mended. This  connection  should  be  preferably  done  under 
the  IC  package.  In  a  breadboard,  use  a  one  inch,  or  less, 


shielded  coaxial  cable;  the  shield  should  be  grounded.  In  a 
PC  board,  use  a  one  inch  trace  or  less;  surround  the  trace 
by  a  ground  plane. 

Input,  Output  Pins  (2, 9) 

The  input  pin  2  is  connected  to  an  18kQ  resistor  tied  to  the 
inverting  input  of  an  op  amp.  Pin  2  is  protected  against 
static  discharge.  The  device's  output,  pin  9,  is  the  output 
of  an  op  amp  which  can  typically  source/sink  3/1  mA.  Al- 
though the  internal  op  amps  are  unity  gain  stable,  driving 
long  coax  cables  is  not  recommended. 

When  testing  the  device  for  noise  and  distortion,  the  out- 
put, pin  9,  should  be  buffered,  Figure  1.  The  op  amp  power 
supply  wire  (or  trace)  should  be  connected  directly  to  the 
power  source.  To  eliminate  switching  transients  from  filter 
output,  buffer  filter  output  with  a  third  order  lowpass,  see 
Figure  5. 

NC  Pins  (1,6, 8, 13) 

The  "no  connection"  pins  should  be  preferably  grounded. 
These  pins  are  not  internally  connected. 

Ratio  Pin  (10) 

The  DC  level  at  this  pin  determines  the  ratio  of  clock  fre- 
quency to  the  -3dB  frequency  of  the  filter.  The  ratio  is 
75:1  when  pin  10  is  at  V+,  120:1  when  pin  10  is  at  GND  and 
150:1  when  pin  10  is  at  V-.  This  pin  should  be  bypassed 
with  a  0.1/iF  capacitor  to  analog  ground  when  it's  con- 
nected to  V-  or  V+,  Figure  1.  See  Tables  2  through  8  for 
typical  gain,  phase  and  delay  responses  for  the  three 
ratios. 
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LTC1064-3 


D€SCRIPTIOn 


0.1^f 


RECOMMENDED  OP  AMPS: 
LT1022.  LT318.  LT1056 


0.1,F 
1 


Figure  1 .  Buffering  the  Filter  Output.  The  Buffer  Op  Amp  Should  Not  Share  the  LTC1 064-3  Power  Lines. 


o  i„f; 


Jok  - 

0V-10V 


Figure  2.  Using  Schottky  Diodes  to  Protect  the  IC 
from  Transient  Supply  Reversal. 


Figure  3.  Single  Supply  Operation.  If  Fast  Power  Up  or  Down 
Transients  are  Expected,  Use  a  1 N5817  Schottky  Diode 
Between  Pins  4  and  5. 


Figure  4.  Level  Shitting  the  Input  VI  Clock  for  Single  Supply  Operation  >  6V. 


Figure  5.  Adding  an  Output  Buffer-Filter  to  Eliminate  Any  Clock  Feedthrough. 
Passband  ±0.1dB  to  50kHz,  -3dB  at  94kHz. 
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TECHNOLOGY 


F€ATUR€S 

■  8th  Order  Filter  in  a  14-Pin  Package 

■  80dB  or  More  Stopband  Attenuation  at  2  x  f cutoff 

■  50:1  faocK  to  fcuroFF  Ratio  (Cauer) 
100:1  fcLOCK  to  f -3dB  Ratio  (transitional) 

■  135>iVrms  Total  Wideband  Noise 
>  0.03%  THD  or  Better 

■  100kHz  Maximum  tcutoff  Frequency 

■  Operates  up  to  ±  8V  Power  Supplies 

■  Input  Frequency  Range  up  to  50  Times  the  Filter 
Cutoff  Frequency 


APPLICATION 

■  Antialiasing  Filters 

■  Telecom  Filters 

■  Sinewave  Generators 


 LTC1064-4 

Low  Noise,  8th  Order,  Clock 
Sweepable  Cauer  Lowpass  Filter 

D€SCRIPTIOfl 

The  LTC1064-4  is  an  8th  order,  clock  sweepable  Cauer  low- 
pass  switched  capacitor  filter.  An  external  TTL  or  CMOS 
clock  programs  the  value  of  the  filter's  cutoff  frequency. 
With  pin  10  at  V+,  the  fac-CK  to  fcuTOFF  ratio  is  50:1;  the 
filter  has  a  Cauer  response  and  with  compensation  the 
passband  ripple  is  ±0.1dB.  The  stopband  attenuation  is 
80dB  at  2x  fcuiOFF-  Cutoff  frequencies  up  to  100kHz  can 
be  achieved.  With  pin  10  at  V  " ,  the  fcLOCK  to  f -mb  ratio  is 
100:1,  the  filter  has  a  transitional  Butterworth-Cauer  re- 
sponse with  lower  noise  and  lower  delay  nonlinearity  than 
the  Cauer  response.  The  stopband  attenuation  at 
2.5  x  f  _3dB  is  92dB.  Cutoff  frequencies  up  to  50kHz  can  be 
achieved. 

The  LTC1064-4  features  low  noise  and  low  harmonic  dis- 
tortion even  when  input  voltages  up  to  3Vrms  are  applied. 
The  LTC1064-4  overall  performance  competes  with  equiva- 
lent multi-op  amp  active  realizations.  The  LTC1064-4  is  pin 
compatible  with  the  LTC1064-1,  LTC1064-2,  and  LTC1064-3. 

The  LTC1064-4  is  manufactured  using  Linear  Technology's 
enhanced  LTCMOS™  silicon  gate  process. 


TYPICAL  APPUCATIOA 

8th  Order  Clock  Sweepable 
Lowpass  Elliptic  Filter 


Frequency  Response 


•FOR  FREQUENCIES  ABOVE  20kHz  AND  MINIMUM  PASSBAND  RIPPLE  REFER 
TO  THE  PIN  DESCRIPTION  SECTION  FOR  COMPENSATION  GUIDELINES. 
NOTE:  THE  POWER  SUPPLIES  SHOULD  BE  BYPASSED  BY  A  0.  VF 
CAPACITOR  CLOSE  TO  THE  PACKAGE. 

BYPASSING  PIN  10  WITH  0.  VF  CAPACITOR  REDUCES  CLOCK  FEEDTH ROUGH. 
THE  CONNECTION  BETWEEN  PINS  7  AND  U  SHOULD  BE  PHYSICALLY 
DONE  UNDER  THE  PACKAGE. 


10k  100k 
FREQUENCY  (Hz) 

CURVEA:lCLK  =  1MHz,  100:1 
CURVE  B:  (Clk=2MHz.  50:1 
CURVE  C.  (clK=5MHz,  50.1 

CcOMP1=30PF 
CC0MP2  =  18PF 


ir\sm 


LTC1064-4  

ABSoiuTC  mnximum  ratirgs 

Total  Supply  Voltage  (V+  toV")  16.5V 

Input  Voltage  at  Any  Pin  V  -  -  0.3V  <  V|N  <  V  +  +  0.3V 

Power  Dissipation  400mW 

Storage  Temperature  Range  -  65°C  to  150°C 


Lead  Temperature  (Soldering,  10  sec.)  300°C 

Operating  Temperature  Range 

LTC1064-4M  -55°Cto125°C 

LTC1064-4C  -40°Cto85°C 


PACKAG€/OAD€A  IRFOAfllATlOA 


— 


TOP  VIEW 

INVC  [T 

VIN  [I 

jJJ  COMP? 

AGND  ^ 

3v- 

v  I 

AGMD  QT 

a<« 

NCE 

n]  RATIO 

COM  PI  [7 

TO|  NC 

INVA  [8 

1]  V0UT 

INVC  [T 
AGND  [3 

v+  [7 

AGND  [[ 
COMF1  [6 
INVA  [7 


TOP  VIEW 

— o — 


14]  R(ti.l) 
T3]  COMP2 

75\  v- 

ii]  tCLK 
io]  RATIO 
I]  V0UT 
U  NC 


J  PACKAGE 
14-LEAD  CERAMIC  DIP 


N  PACKAGE 
14-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LTC1064-4MJ 
LTC1064-4CJ 
LTC1064-4CN 


S  PACKAGE 
1 6-LEAO  PLASTIC  SOL 


ORDER  PART 
NUMBER 


LTC1064-4CS 


€l€CTMCfll  CHRRACTCRISTICS 

Vs  =  ±  7.5V,  50:1,  Iclk  =  1MHz,  fc  =  20kHz,  R|  =  10kQ,  Ta  =  25°,  TTL  clock  input  level  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Passband  Gain 

Referenced  to  Od  B,  1  Hz  -  0.05f  cutoff 

• 

-0.5 

0.1 

dfl 

Gain  TempCo 

0.0002 

dB/°C 

Passband  Edge  Frequency,  fc 

20  +  1% 

kHz 

Gain  at  fc 

Referenced  to  Passband  Gain,  fc  =  20kHz 

• 

-0.4 

0.7 

dB 

-  3dB  Frequency 

50:1  (Cauer  Response) 

21.5 

kHz 

100:1  (Transitional  Response) 

10 

kHz 

Passband  Ripple  (Note  1) 

0.1fcto0.95fc  Referenced  to  Passband  Gain 

• 

0 

0.75 

dB 

Stopband  Attenuation 

AtUfajTOFF 

• 

-56 

-60 

dB 

Stopband  Attenuation 

At  2fciJTOFF 

-80 

dB 

Input  Frequency  Range 

50:1,  Pin  10  at  V* 

0 

'cue 

kHz 

100:1,  Pin  10atV" 

0 

fcLK'2 

kHz 

Output  Voltage  Swing  and 

Vs=±  2.37V 

• 

±1.1 

V 

Operating  Input  Voltage  Range 

VS=±5V 

• 

±3.1 

V 

Vs=  ±7.5V 

• 

±5.0 

V 

Total  Harmonic  Distortion 

Vs=  ±  5V,  Input  =  1 VRMS  at  1  kHz 

0.015 

% 

Vs=  ±  7.5V,  Input  =  3VBM3  at  1kHz 

0.03 

% 

Wideband  Noise 

Vs=  ±  5V,  Input  =  GND 1  Hz-999kHz 

120 

CVRMS 

Vs=  ±7.5V,lnput  =  GND1Hz-999kHZ 

135 

cVrkis 

Output  DC  Offset 

VS=±7.5V 

±50 

±160 

mV 

Output  DC  Offset  TempCo 

Vs=  ±5V 

-100 

^/"C 

Vs=  +7.5V 

-200 

Input  Impedance 

9 

13 

kl) 

Output  Impedance 

f0UT  =  10kHz 

2 

a 

Output  Short  Circuit  Current 

Source/Sink 

3/1 

mA 

Clock  Feedttirough 

lnput  =  GND 

200 

Maximum  Clock  Frequency 

50%  Duty  Cycle,  Vs  =  ±  7,5V  (Note  2) 

5 

MHz 

Power  Supply  Current 

Vs=±2.37V,fCLK  =  1MHz 

• 

11 

18 

mA 

Vs=±5V,fCLK  =  1MHz 

14 

20 

mA 

• 

24 

mA 

Vs=  ±  7.5V,  fCLK  =  1  MHz 

17 

24 

mA 

• 

32 

mA 

Power  Supply  Voltage  Range 

• 

±2.37 

±8 

V 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 


Note  1 :  For  tighter  passband  ripple  specifications  please  consult  with 
LTC's  marketing. 

Note  2:  Not  tested,  guaranteed  by  design. 
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TYPICAL  PCRFORmnnCC  CHfififlCT€RISTICS 

Graph  2.  Passband  Phase  Shift  vs 
Graph  1.  Gain  vs  Frequency  Frequency 


v. 

=  ±7.5V 
K  =  1MHz,  50:1" 
= 20kHz 
=25°C 

k 

Graph  3.  Passband  Group  Delay 
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Graph  4.  Gain  vs  Frequency  with 
Compensation 


100k 
FREQUENCY (Hz) 


Graph  5.  Device  to  Device  Phase 
Matching 
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Graph  7.  Power  Supply  Current  vs 
Power  Supply  Voltage 
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Graph  6.  Total  Harmonic 
Distortion 


INPUT  LEVEL  (VRMS) 


Graph  8.  Transient  Response 
lCLK  =  1MHz,Ratio  =  50:1, 
fc  =  20kHz,  Vs=±  7.5V,  1kHz, 
Square  Wave  Input 
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TYPICAL  P€RFORmnnC€  CHAfiflCT€R.STICS 


Table  1.  Wideband  Noise  (/iVrms)-  Input  Grounded,  fax = 1  MHz- 


Vs=±  2.37V 

VS=±5V 

Vs=  +7.5V 

PIN  10  TO 

Wcutoff 

NOISE 

0»VRMS) 

NOISE 

NOISE 

(Mms) 

V  + 

50:1 

120 

135 

145 

V" 

100:1 

100 

120 

130 

Table  2.  Gain/Phase,  Pin  10  at  V +.  Typical  Response. 

f  Cutoff = 1  kHz,  Vs  =  ±  5V,  TA  =  25°C  f  clk = 50kHz  Ratio  =  50:1 


FREQUENCY 

GAIN 

PHASE 

0.200kHz 

-0.075dB 

-  59.990  deg 

0.400kHz 

-0.050dB 

-1 22.400  deg 

0.600kHz 

0.020dB 

169.300  deg 

0.800kHz 

0.060dB 

88.500  deg 

1.000kHz 

0.090dB 

-26.100  deg 

1.200kHz 

-15.640dB 

-175.100  deg 

1.400kHz 

-34.700dB 

126.500  deg 

1.600kHz 

-51.700dB 

87.600  deg 

1.800kHz 

-68.600dB 

38.400  deg 

2.000kHz 

-84.110dB 

-47.860  deg 

Table  3.  Gain/Delay,  Pin  10  at  V +.  Typical  Response. 
(CUTOFF = 1kHz,  Vs  =  ±  5V,  TA  =  25°C  fCLK  =  50kHz  Ratio  =  50:1 


FREQUENCY 

GAIN 

DELAY 

0.200kHz 

-0.074dB 

0.844ms 

0.300kHz 

-0.070dB 

0.867ms 

0.400kHz 

-0.050dB 

0.899ms 

0.500kHz 

-0.020dB 

0.949ms 

0.600kHz 

0.020dB 

1.021ms 

0.700kHz 

0.050dB 

1.122ms 

0.800kHz 

0.060dB 

1.275ms 

0.900kHz 

0.120dB 

1.592ms 

1.000kHz 

0.090dB 

2.160ms 

1.100kHz 

-5.020dB 

2.070ms 

1.200kHz 

-15.650dB 

1.288ms 

Table  4.  Gain/Phase,  Pin  10  at  V  ~.  Typical  Response. 

f  _  MB  =  1kHz,  VS  =  ±  5V,  TA  =  25°C  fCLK  =  100kHz  Ratio  =  100:1 


FREQUENCY 

GAIN 

PHASE 

0.200kHz 

-0.179dB 

-  60.090  deg 

0.400kHz 

-0.440dB 

-122.000  deg 

0.600kHz 

-0.810dB 

170.800  deg 

0.800kHz 

-1.480dB 

91. 900 deg 

1.000kHz 

-3.500dB 

-16.300  deg 

1.200kHz 

-17.720dB 

-140.500  deg 

1.400kHz 

-35.700dB 

164.800  deg 

1.600kHz 

-52.700dB 

135.000  deg 

1.800kHz 

-71.900dB 

114.000  deg 

2.000kHz 

-96.160dB 

-49.670  deg 

Table  5.  Gain/Delay,  Pin  10  at  V  -.  Typical  Response. 

f  _  3dB  =  1kHz,  Vs  =  ±  5V,  TA = 25°C  fCLK  =  100kHz  Ratio  =  100:1 


FREQUENCY 

GAIN 

DELAY 

0.200kHz 

-0.174dB 

0.842ms 

0.300kHz 

-0.300dB 

0.861ms 

0.400kHz 

-0.440dB 

0.888ms 

0.500kHz 

-0.610dB 

0.933ms 

0.600kHz 

-0.810dB 

0.999ms 

0.700kHz 

-1.090dB 

1.095ms 

0.800kHz 

-1.480dB 

1.242ms 

0.900kHz 

-2.080dB 

1.503ms 

1.000kHz 

-3.500dB 

1.832ms 

1.100kHz 

-8.720dB 

1.724ms 

1.200kHz 

-  17.720dB 

1.183ms 

Table 6.  Gain/Phase,  Pin  10  at  GND. 
VS=±5V,TA=25',C 


FREQUENCY 

GAIN 

PHASE 

0.200kHz 

-0.383dB 

-47.140  deg 

0.400kHz 

-LOOOdB 

-92.000  deg 

0.600kHz 

-1.300dB 

-134.300  deg 

0.800kHz 

-0.280dB 

-178.800  deg 

1.000kHz 

2.670dB 

109.200  deg 

1.200kHz 

-3.500dB 

6.000  deg 

1.400kHz 

-12.5KWB 

-47.400  deg 

1.600kHz 

-20.000dB 

-88.800  deg 

1.800kHz 

-27.300dB 

-  127.800  deg 

2.000kHz 

-35.000dB 

-164.200  deg 
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TYPICAL  P€RFOfimflnC€  CHARACTERISTICS 


Table  7.  Gain/Phase  for  Figure  6. 

Typical  Response,  Pin  10  at  V+ ,  icutoff = 40kHz 

VS  =  ±  7.5V,  f  clk = 2MHz,  Ratio = 50:1 


Table  8.  Gain/Phase  for  Figure  7. 

Typical  Response,  Pin  10  at  V+,  fcuTOFF= 100kHz 

VS  =  ±  7.5V,  TA= 25«C  (clk  =  5MHz  Ratio  =  50:1 


FREQUENCY 

GAIN 

PHASE 

10.000kHz 

-0.094dB 

-  75.900  deg 

12.000kHz 

-0.100dB 

-  91 .400  deg 

14.000kHz 

-0.090dB 

-107.200  deg 

16.000kHz 

-0.080dB 

-123.300  deg 

18.000kHz 

-0.060dB 

-139.600  deg 

20.000kHz 

-0.040dB 

-156.500  deg 

22.000kHz 

-0.020dB 

-173.800  deg 

24.000kHz 

O.OOOdB 

168.200  deg 

26.000kHz 

0.020dB 

149.400  deg 

28.000kHz 

0.030dB 

130.000  deg 

30.000kHz 

0.020dB 

109.400  deg 

32.000kHz 

0.010dB 

87.700  deg 

34.000kHz 

-0.020dB 

64.600  deg 

36.000kHz 

-0.030dB 

39.500  deg 

38.000kHz 

-0.010dB 

11.400 deg 

40.000kHz 

-0.070dB 

-22.000  deg 

42.000kHz 

-0.920dB 

-64.100  deg 

44.000kHz 

-4.000dB 

-110.100  deg 

46.000kHz 

-8.970dB 

-147.000  deg 

48.000kHz 

-  14.320dB 

-173.500  deg 

50.000kHz 

-19.460dB 

166.800  deg 

FREQUENCY 

GAIN 

PHASE 

10.000kHz 

-0.096dB 

-32.390  deg 

20.000kHz 

-O.IOOdB 

-64.900  deg 

30.000kHz 

-0.080dB 

-98.100  deg 

40.000kHz 

-0.040dB 

-132.300  deg 

50.000kHz 

0.020dB 

-168.200  deg 

60.000kHz 

0.070dB 

153.600  deg 

70.000kHz 

0.040dB 

112.100  deg 

80.000kHz 

-0.120dB 

66.400  deg 

90.000kHz 

-0.460dB 

14.600  deg 

100.000kHz 

-1.310dB 

-49.300  deg 

110.000kHz 

-5.640dB 

-129.000  deg 

120.000kHz 

-14.530dB 

167.800  deg 

130.000kHz 

-23.800dB 

126.700  deg 

140.000kHz 

-32.600dB 

96.200  deg 

150.000kHz 

-41.000dB 

71.300  deg 

160.000kHz 

-49.200dB 

49.200  deg 

170.000kHz 

-57.500dB 

29.000  deg 

180.000kHz 

-66.500dB 

9.800  deg 

190.000kHz 

-77.770dB 

-2.320  deg 

200.000kHz 

-92.050dB 

76.740  deg 

Table  9.  Gain/Phase  for  Figure  7. 

Typical  Response,  Pin  10  at  V+,  fcuTOFF= 100kHz 

Vs  =  ±  7.5V,  TA = 125°C  (clk  =  5MHz  Ratio  =  50:1 


FREQUENCY 

GAIN 

PHASE 

10.000kHz 

-0.071dB 

-33.800  deg 

20.000kHz 

-0.040dB 

-67.800  deg 

30.000kHz 

0.050dB 

-102.500  deg 

40.000kHz 

0.190dB 

-138.300  deg 

50.000kHz 

0.410dB 

-176.100  deg 

60.000kHz 

0.670dB 

143.100  deg 

70.000kHz 

0.920dB 

98.400  deg 

80.000kHz 

1.150dB 

48.200  deg 

90.000kHz 

1.530dB 

-10.900  deg 

100.000kHz 

1.110HB 

-96.500  deg 

FREQUENCY 

GAIN 

PHASE 

110.000kHz 

-7.420dB 

172.100  deg 

120.000kHz 

-18.240dB 

119.400  deg 

130.000kHz 

-28.000dB 

83.300  deg 

140.000kHz 

-37.000dB 

54.000  deg 

150.000kHz 

-45.700dB 

-27.600  deg 

160.000kHz 

-54.300dB 

2.100  deg 

170.000kHz 

-63.300dB 

-24.900  deg 

180.000kHz 

-73.610dB 

-60.210  deg 

190.000kHz 

-85.300dB 

-138.990  deg 

200.000kHz 

-83.390dB 

129.580  deg 

LTC1064-4 
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pin  DcscMPTion 


Power  Supply  Pins  (4, 12) 

TheV+  (pin  4)  and  V-  (pin  12)  should  be  bypassed  with  a 
0.1/iF  capacitor  to  an  adequate  analog  ground.  Low  noise, 
non-switching  power  supplies  are  recommended.  To  avoid 
latch  up  when  the  power  supplies  exhibit  high  turn-on 
transients,  a  1 N581 7  Schottky  diode  should  be  added  from 
the  V  +  and  V  -  pins  to  ground,  Figures  1  and  2. 

Clock  Pin  (11) 

For  +5V  supplies  the  logic  threshold  level  is  1.4V.  For 
±8V  and  OV  to  5V  supplies  the  logic  threshold  levels  are 
2.4V  and  3V  respectively.  The  logic  threshold  levels  vary 
±100mV  over  the  full  military  temperature  range.  The 
recommended  duty  cycle  of  the  input  clock  is  50%  al- 
though for  clock  frequencies  below  500kHz  the  clock  "on" 
time  can  be  as  low  as  200ns.  The  maximum  clock  fre- 
quency for  ±5V  supplies  is  4MHz.  For  +7V  supplies  and 
above,  the  maximum  clock  frequency  is  5MHz.  Do  not  al- 
low the  clock  levels  to  exceed  the  power  supplies.  For  sin- 
gle supply  operation  and  for  Vs  >6V,  T2L  clock  signals  can 
be  accommodated  through  level  shifting,  Figure  3. 

Analog  Ground  Pins  (3, 5) 

For  dual  supply  operation  these  pins  should  be  connected 
to  a  ground  plane.  For  single  supply  operation  both  pins 
should  be  tied  to  one  half  supply,  Figure  2. 

Connection  Pins  (7, 14) 

A  very  short  connection  between  pins  14  and  7  is  recom- 
mended. This  connection  should  be  preferably  done  under 
the  IC  package.  In  a  breadboard,  use  a  one  inch,  or  less, 
shielded  coaxial  cable;  the  shield  should  be  grounded.  In  a 
PC  board,  use  a  one  inch  trace  or  less;  surround  the  trace 
by  a  ground  plane. 

NC  Pin  (8) 

Pin  8  is  not  internally  connected,  it  should  be  preferably 
grounded. 


Input,  Output  Pins  (2, 9) 

The  input  pin  2  is  connected  to  a  12kQ  resistor  tied  to  the 
inverting  input  of  an  op  amp.  Pin  2  is  protected  against 
static  discharge.  The  device's  output,  pin  9,  is  the  output 
of  an  op  amp  which  can  typically  source/sink  3/1mA.  Al- 
though the  internal  op  amps  are  unity  gain  stable,  driving 
long  coax  cables  is  not  recommended. 

When  testing  the  device  for  noise  and  distortion,  the  out- 
put, pin  9,  should  be  buffered,  Figure  4.  The  op  amp  power 
supply  wire  (or  trace)  should  be  connected  directly  to  the 
power  source.  To  eliminate  any  output  clock  feedthrough, 
pin  9  should  be  buffered  with  a  simple  R,  C  lowpass  filter, 
Figure  5.  The  cutoff  frequency  of  the  output  filter  should 
befcLK/3. 

50/100  Ratio  Pin  (10) 

For  an  fcLK/fc  ratio  of  50:1,  pin  10  should  be  tied  to  V+.  For 
an  fci_K/f-3dB  ratio  of  100:1,  pin  10  should  be  tied  to  V-. 
When  pin  10  is  at  mid-supplies  (i.e.  ground),  the  filter  re- 
sponse is  neither  Cauer  nor  transitional.  Table  6  illustrates 
this  response.  Bypassing  pin  10  with  a  0.1  pF  capacitor  re- 
duces the,  already  small,  clock  feedthrough. 

Compensation  Pins  (6, 7  and  1, 13) 

To  obtain  a  Cauer  response  with  minimum  passband  rip- 
ple and  cutoff  frequencies  above  20kHz,  compensating 
components  are  required.  Figure  6  uses  ±  7.5V  power  sup- 
plies and  compensation  components  to  achieve  up  to 
40kHz  sweepable  cutoff  frequencies  and  +0.1dB  pass- 
band  ripple.  Table  7  lists  the  typical  amplitude  response  of 
Figure  6.  Figure  7  illustrates  the  compensation  scheme  re- 
quired to  obtain  a  100kHz  cutoff  frequency;  Graph  4  and 
Tables  8  and  9  list  the  typical  response  of  Figure  7  for  25°C 
and  125°C  ambient  temperature.  As  shown  the  ripple  in- 
creases at  high  temperatures  but  still  a  ±0.25dB  figure 
can  be  obtained  for  ambient  temperatures  below  70°C. 
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Figure  1.  Using  Schottky  Diodes  to  Protect  the  IC 
from  Power  Supply  Spikes. 


LTC1064-4 


Figure  2.  Single  Supply  Operation.  If  Fast  Power  Up  or  Down 
Transients  are  Expected,  Use  a  1 N581 7  Schottky  Diode 
Between  Pins  4  and  5. 


RECOMMENDED  OP  AMPS: 
LT1022,  LT318,  LT1056 


Figure  3.  Level  Shifting  the  input  T2L  Clock 
for  Single  Supply  Operation  >  6 V. 


Figure  4.  Buffering  the  Filter  Output.  The  Buffer  Op  Amp 
Should  Not  Share  the  LTC1064-4  Power  Lines. 


Figure  5.  Adding  an  Output  Buffer-Filter  to  Eliminate  Any  Clock  Feedthrough. 
Passband  Error  of  Output  Buffer  is  ±  0.1dB  to  50kHz,  -  3dB  at  94kHz. 


LTC1064-4 


Pin  D6SCRIPTIOH 


Figure  6.  Compensating  LTC1 064-4  for  Passband  Ripple  of  Figure  7.  Compensating  LTC1064-4  for  fcuTOFF  =  100kHz, 

±  0.1dB  and  (cutoff  Sweeps  to  40kHz.  Gain  at  <cutoff=  -  1.3dB,  Table  8. 
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F€ATUR€S 

■  Low  Power 

■  4  Filters  in  a  0.3"  Wide  Package 

■  1/2  the  Noise  of  the  LTC1059, 60, 61  Devices 

■  Wide  Output  Swing 

■  Clock  to  Center  Frequency  Ratios  of  50:1  and  100:1 

■  Operates  from  ±  2.37V  to  ±8V  Power  Supplies 

■  Customized  Version  with  Internal  Resistors  Available 

■  Ratio  of  50:1  and  100:1  Simultaneously  Available 


■  Antialiasing  Filters 

■  Telecom  Filters 

■  Spectral  Analysis 

■  Loop  Filters 

■  For  Fixed  Lowpass  Filter  Requirements  use  the 
LTC1164-XX  Series 


 LTC1164 

Low  Power,  Low  Noise,  Quad 
Universal  Filter  Building  Block 

DCSCRIPTIOO 

The  LTC1164  consists  of  four  low  power,  low  noise  2nd  or- 
der switched  capacitor  filter  building  blocks.  Each  build- 
ing block  typically  consumes  850/iA  supply  current.  Low 
power  is  achieved  without  sacrificing  noise  and  distortion. 
Each  building  block,  together  with  3  to  5  resistors,  can  pro- 
vide 2nd  order  functions  like  lowpass,  highpass,  bandpass, 
and  notch.  The  center  frequency  of  each  2nd  order  section 
can  be  tuned  with  an  external  clock,  or  a  clock  and  resistor 
ratio.  For  Q  <5,  the  center  frequency  range  is  from  0.1  Hz  to 
20kHz.  Up  to  8th  order  filters  can  be  realized  by  cascading 
all  four  2nd  order  sections.  Any  classical  filter  realization 
(such  as  Butterworth,  Cauer,  Bessel,  and  Chebyshev)  can 
be  formed. 

A  customized  monolithic  version  of  the  LTC1164  including 
internal  thin  film  resistors  can  be  obtained.  Consult  LTC 
Marketing  for  details. 

The  LTC1164  is  manufactured  using  Linear  Technology's 
enhanced  LTCMOS™  silicon  gate  process. 


TYPICAL  RPPUCATIOn 

Dual  5th  Order  Linear  Phase 
Filter  with  Stopband  Notch 


Dual  5th  Order  Linear  Phase 
Filter  with  Stopband  Notch, 
fCLK= 500kHz 


SUPPLY 

TOTAL 

VOLTAGE 

VlN 

HARMONIC  DISTORTION 

SIGNAL/NOISE 

±2.5V 

1VBMS 

0.015%  (-76dB) 

86dB 

±5.0V 

2VrMS 

0.025%  (-72dB) 

92dB 

±7.5V 

«m 

0.04%  (-68dB) 

98dB 

LTC1164 


_ 


absolute  mnximum  rrtirgs 

Total  Supply  Voltage  (V+  to  V")  16.5V 

Power  Dissipation  500mW 

Operating  Temperature  Range 

LTC1 164AM,  LTC1164M  -55°Cto125°C 

LTC1164AC,  LTC1164C  -40°Cto85°C 


Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  IflFORffiRTIOfl 


INVB  ^ 

24)  INVC 

HPB/NB  [2 
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BPB  ^ 

22]  BPC 

lpb  r^ 

2l]  LPC 
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2(i|  SC 

AGND  [? 

19]  v- 

V+  [7 

i8|  CLK 

SA  [8 

u\  50/100 
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jD  LPO 
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15]  BPD 
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h]  HPD 
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J  PACKAGE                N  PACKAGE 
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ORDER  PART 
NUMBER 


LTC1164AMJ 

LTC1164MJ 

LTC1164ACJ 

LTC1164CJ 

LTC1 1 64ACN 

LTC1164CN 


TOP  VIEW 

INVB  [7 

24]  INVC 

HPB/NB  [7 

23]  HPC/NC 

BPB  |T 

22]  BPC 

LPB  [7 

2T]  LPC 

SB  |T 

20]  SC 

AGND  rj[ 

T5]  v- 

v+[7 

i|]  CLK 

SA  |T 

fjj  50/100 

LPA  [J_ 

16]  LPD 

BPA  [lO 

15]  BPD 

hpa  rjr 

iJJ  HPD 

inva  rjs 

13]  INVD 

SO  PACKAGE 

ORDER  PART 
NUMBER 

LTC1164CS 
LTC1164ACS 


24-LEAD  PLASTIC  SOIC 


€L€CTRICRL  CHRRRCT€RISTICS 

(Internal  Op  Amps)  Vs  =  +  5V,  TA  =  25°C,  RL  =  5kfi  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN                   TYP  MAX 

UNITS 

Supply  Voltage  Range 

±2.37 

±8 

V 

Voltage  Swings 

VS=±2.5V 

±1.6 

V 

VS=±5.0V 

• 

±3.8 

±4.2 

V 

VS=±7.5V 

±6.1 

V 

Output  Short  Circuit  Current  (Source/Sink) 

VS=±5.0V 

1 

mA 

DC  Open  Loop  Gain 

VS=±5,0V 

80 

dB 

GBW  Product 

Vs=  ±5.0V 

2 

MHz 

Slew  Rate 

Vs=  ±5.0V 

1.6 

V/fS 

LTC1164 


€l€CTRICni  CHfiRflCT€ftlSTICS 

(Complete  Filter)  Vs  =  +  5V,  TA = 25°C,  TTL  Clock  Input  Level,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Center  Frequency  Range 

0.1-20k 

Hz 

Input  Frequency  Range  (Note  1) 

50:1 
100:1 

<fCLK 
<fcLK./2 

Hz 
Hz 

Clock  to  Center  Frequency  Ratio,  fCLK/f0 

LTC1164A 
LTC1164 
LTC1164A 
LTC1164 

Sides  A,  B,C:  Model,  R1  =  R3  =  50kQ, 
R2  =  5kQ, 

Side  D:  Mode  3,  R1  =  R3  =  50kfi, 
R2=R4  =  5kQ 
f0  =  5kHz,  Q  =  10 
50:l,fCLK  =  250kHz 

9 

50  ±0.5 

% 

50:1,  fCLK  =  250kHz 

• 

50  ±0.9 

% 

100:1,  Tclk  =  500kHz 

100  ±0.5 

% 

100:1,  fCLK  =  500kHz 

• 

iuu  ±u.y 

0/ 

/o 

Clock  to  Center  Frequency  Ratio, 
Side  to  Side  Matching 

LTC1164A 

1  TPl  IRA 
LI  L-1ID4 

Sides  A,  B,  C,  Mode  1,  f0  =  5kHz,  Q  =  10 
SideDMode3,fo  =  5kHz,Q  =  10 
50:1,  tCLK  =  250kHz 

* 

0.5 

% 

50:1,  Tclk  =  250kHz 

l.U 

0/ 
70 

Q  Accuracy 

Sides  A,  B,  C,  Mode  1 ,  f0  =  5kHz,  Q  =  10 
50:1,fCLK=250kHz 

±2  ±5 

% 

100:1,  fCLK  =  500kHz 

• 

±2  ±5 

% 

SideDMode3,fo  =  5kHz,Q  =  10 
50:1,fCLK  =  250kHz 

• 

±0  ±0 

fa 

100:1,  fCLK  =  500kHz 

±6  ±12 

% 

f0 Temperature  Coefficient 

fCLK<  500kHz 

±1 

ppm/°C 

Q  Temperature  Coefficient 

fCLK<  250kHz 

±5 

ppm/°C 

Maximum  Clock  Frequency 

Mode  1,Q<  2.5 

Vs>±  7.0V,  50:1  or  100:1 

1.5 

MHz 

Mode  3,  Q<  5.0 
Vs>±  5.0V,  50:1  or  100:1 

1.0 

MHz 

Mode  3,  Q<  5.0 

Vs=  ±2.5V,  50:1  or  100:1 

500 

kHz 

'clk  Feedthrough 

fCLK  <  500kHz,  VS=±5V 

200 

pVrms 

DC  Offset  Voltages 
(See  Figure  land  Table  1) 

V0S1 
VoS2 
V0S3 

• 
• 
• 

2  20 

3  45 
3  45 

mV 
mV 
mV 

Power  Supply  Current 

Vs=  ±2.5V 

4.0 

mA 

Vs=  ±5.0V,Temp>  +  25°C 
VS=±5.0V 

• 

3.6  5.0 
5.6  8 

mA 
mA 

Vs=  ±  7.5V,  Temp  >  +  25°C 
VS=±7.5V 

• 

6.0  8 
9.0  11.0 

mA 
mA 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 


Note  1:  Guaranteed  by  design.  Not  tested. 
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LTC1164 


□ 

Figure  1.  Equivalent  Input  Offsets  of  \  LTC1164  Filter  Building  Block 


Table  1.  Output  DC  Offsets  One  2nd  Order  Section 


MODE 

VOSN 
PIN  2, 11, 14, 23 

VosBP 
PIN  3, 10, 15, 22 

VoSLP 
PIN  4, 9, 16, 21 

1 

Vosi[(l'Q)+i  +  'H0Lpl]-WQ 

V()S3 

VOSN  *  VOSZ 

1b 

Vos,[(1/Q)+1  +  R2/R1]-V0s3/Q 

VOS3 

-(Vosn-Vos2)(1  +  R5/R6) 

2 

[Vosi(1  +  R2/R1  +  R2/R3  +  R2/R4)  -  V0s3(R2/R3)]  x 
[R4/(R2  +  R4)]  +  Vos2[R2/(R2  +  R4)] 

VoS3 

V(3SN  -  VoS2 

3 

V0S2 

V0S3 

-MS) 
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TYPICAL  P€ftFORmnnC€  CHflRflCT€RISTICS 


Graph  1.  Mode  1,(IClk'U  =  50:1 


Graph2.Mode1,(fCLK'fo)=100:1 


Graph3.Mode3,(fCLK«o)  =  50:1 


10  15  20  25  30  35  40  45  50  55  60 
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1 1 

TA  =  25°C 


Vs=  ±7.5V- 
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CENTER  FREQUENCY,  f0  (kHz) 


Graph  4.  Mode  3,  (iclk'U = 100:1  Graph  5.  Mode  3  Q  Error  vs  Ideal  Q  Graph  6.  Wideband  Noise  vs  Q 


0        5        10       15       20       25       30  0    1     2    3    4    5    6    7    8    9    10  11  0    2    4    6    8   10  12  14  16  16  20  22  24 

CENTER  FREQUENCY,  f0  (kHz)  IDEAL  Q  q 


Graph  7.  Total  Harmonic  Graph  8.  Power  Supply 

Distortion  vs  Output  Amplitude  Current  vs  Voltage 


0.500  1.000  1,500  2.0002.5003.0003.5004.0004.5005.000  *2.5O0   +  3500     +  4.500    +  5500    ±6500  ±7500 

AMPLITUDE  (Vrms)  ±VSUPPLY(V) 


8-34 


LTC1164 


Pin  D6SCRIPTIOH 


Power  Supplies  (Pins  7,19) 

They  should  be  bypassed  with  0.1  u.F  ceramic  disc.  Low 
noise,  non-switching,  power  supplies  are  recommended. 
The  device  operates  with  a  single  5V  supply  and  with  dual 
supplies.  The  absolute  maximum  operating  power  supply 
voltage  is  +8.25V.  Supply  reversal  is  not  allowed  and  can 
cause  latch  up.  When  using  dual  supplies,  loads  between 
the  positive  and  negative  supply  (even  light  loads)  can 
cause  momentary  supply  reversal  during  power-up.  A 
clamp  diode  from  each  supply  to  ground  will  prevent 
reversal  and  latch  problems. 

Clock  (Pin  18) 

For  ±5V  supplies  the  logic  threshold  level  is  1.8V.  For 
±  8V  and  0  to  5V  supplies  the  logic  threshold  level  is  2.8V. 
The  logic  threshold  levels  vary  +  100mV  over  the  full  mil- 
itary temperature  range.  The  recommended  duty  cycle  of 
the  input  clock  is 50%,  although  forelock  frequencies  be- 
low 500kHz  the  clock  "on"  time  can  be  as  low  as  200ns. 
The  maximum  clock  frequency  for  single  5V  supply  and  Q 
values  <5  is  500kHz  and  for  +5V  supplies  and  above  is 


1MHz.  The  clock  input  can  be  applied  before  power  is 
turned  on  as  long  as  there  is  no  chance  the  clock  signal 
will  go  below  the  V-  supply. 

AGND  (Pin  6) 

When  the  LTC1164  operates  with  dual  supplies,  Pin  6 
should  be  tied  to  system  ground.  When  the  LTC1164 
operates  with  a  single  positive  supply,  the  analog  ground 
pin  should  be  tied  to  1/2  supply  and  it  should  be  bypassed 
with  a  4.7|iF  solid  tantalum  in  parallel  with  a  0.1u.F  ce- 
ramic disc,  Figure  2.  The  positive  input  of  all  the  internal  op 
amps,  as  well  as  the  common  reference  of  all  the  internal 
switches,  are  internally  tied  to  the  analog  ground  pin. 
Because  of  this,  a  very  "clean"  ground  is  recommended. 

50/1 00  (Pin  17) 

By  tying  Pin  17  to  V+,  all  filter  sections  operate  with  a 
clock  to  center  frequency  ratio  internally  set  at  50:1 .  When 
Pin  17  is  at  mid-supplies,  sections  B  and  C  operate  with 
(fCLK'fo)  =  50:1  and  sections  A  and  D  operate  at  (100:1). 
When  Pin  17  is  shorted  to  the  negative  supply  pin,  all  filter 
sections  operate  with  (frjLK/fo)  =  100:1. 


4]  H 


|0.1nF     -tf  IT 


ANALOG 
GROUND 
PLANE 


CLOCK  INPUT 

V+  =  15V.TRIPV0LTAGE=7V 
V+=10V,  TRIP  VOLTAGE  =6.4V 
V+=5V.  TRIP  VOLTAGE  =  3V 


NOTE:  PIN  5, 8. 20.  IF  NOT  USED,  SHOULD  BE  CONNECTED  TO  PIN  6. 
■  LT1004  CAN  BE  REPLACED  WITH  A  7.5k  RESISTOR  FOR  V  +  >6.5V. 


Figure  2.  Single  Supply  Operation 
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ANALOG  CONSIDERATIONS 
1.  Grounding  and  Bypassing 

The  LTC1164  should  be  used  with  separated  analog  and 
digital  ground  planes  and  single  point  grounding 
techniques. 

Pin  6  (AGND)  should  be  tied  directly  to  the  analog  ground 
plane. 

Pin  7  (V+)  should  be  bypassed  to  the  ground  plane  with  a 
0.1/iF  ceramic  disk  with  leads  as  short  as  possible.  Pin  19 
(V~)  should  be  bypassed  with  a  0.1/tF  ceramic  disk.  For 
single  supply  applications,  V"  can  be  tied  to  the  analog 
ground  plane. 

For  good  noise  performance,  V+  and  V"  must  be  free  of 
noise  and  ripple. 

All  analog  inputs  should  be  referenced  directly  to  the  sin- 
gle point  ground.  The  clock  inputs  should  be  shielded 
from  and/or  routed  away  from  the  analog  circuitry  and  a 
separate  digital  ground  plane  used. 


Figure  3  shows  an  example  of  an  ideal  ground  plane  de- 
sign for  a  two  sided  board.  Of  course  this  much  ground 
plane  will  not  always  be  possible,  but  users  should  strive 
to  get  as  close  to  this  as  possible.  Proto  boards  are  not 
recommended. 

2.  Buffering  the  Filter  Output 

When  driving  coaxial  cables  and  1  x  scope  probes,  the  fil- 
ter output  should  be  buffered.  This  is  important  especially 
when  high  Qs  are  used  to  design  a  specific  filter.  Inade- 
quate buffering  may  cause  errors  in  noise,  distortion,  Q, 
and  gain  measurements.  When  10  x  probes  are  used, 
buffering  is  usually  not  required.  A  buffer  is  recommended 
especially  when  THD  tests  are  performed.  As  shown  in 
Figure  4,  the  buffer  should  be  adequately  bypassed  to 
minimize  clock  feedthrough. 


FOR  BEST  HIGH  FREQUENCY  RESPONSE 
PLACE  RESISTORS  PARALLEL  TO  DOUBLE 
SIOEO  COPPER  CLAD  BOARD  AND  LAV  FLAT 
(4  RESISTORS  SHOWN  HERE  TYPICAL) 


NOTE:  CONNECT  ANALOG  AND  DIGITAL 
GROUND  PLANES  AT  A  SINGLE  POINT  AT 
THE  BOARD  EDGE. 


Figure  3.  Example  Ground  Plane  Breadboard  Technique  for  LTC1164 
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3.  Offset  Nulling 

Lowpass  filters  may  have  too  much  DC  offset  for  some 
users.  A  servo  circuit  may  be  used  to  actively  null  the 
offsets  of  the  LTC1164  or  any  LTC  switched  capacitor 
filter.  The  circuit  shown  in  Figure  5  will  null  offsets  to  better 
than  300u.V.  This  circuit  takes  seconds  to  settle  because 


4.  Noise 

All  the  noise  performance  mentioned  excludes  the  clock 
feedthrough.  Noise  measurements  will  degrade  if,  the 
already  described  grounding,  bypassing,  and  buffering 
techniques  are  not  practiced.  Graph  6  is  a  very  good  repre- 
sentation of  the  noise  performance  of  this  device. 
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SEPARATE  V  +  POWER  SUPPLY  TRACE  FOR  BUFFER 
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Figure  4.  Buffering  the  Output  of  a  4th  Order  Bandpass  Realization 


Figure  5.  Servo  Amplifier 


mOD€SOF  OPCRflTIOn 

PRIMARY  MODES 
Model 

In  Mode  1 ,  the  ratio  of  the  external  clock  frequency  to  the 
center  frequency  of  each  2nd  order  section  is  internally 
fixed  at  50:1  or  100:1.  Figure  6  illustrates  Mode  1  provid- 
ing 2nd  order  notch,  lowpass,  and  bandpass  outputs. 
Mode  1  can  be  used  to  make  high  order  Butterworth 
lowpass  filters;  it  can  also  be  used  to  make  low  Q  notches 
and  for  cascading  2nd  order  bandpass  functions  tuned  at 
the  same  center  frequency  with  unity  gain.  Mode  1  is  faster 
than  Mode  3.  Note  that  Mode  1  can  only  be  implemented 
with  3  of  the  4  LTC1 1 64  sections  because  section  D  has  no 


viN^wv-r_j- 


'CLK 
100(50)  ' 


_B2. 
R1' 


R2 
"  R1 


.  R3 
"R2 


Figure  6.  Mode  1:  2nd  Order  Filter  Providing  Notch,  Bandpass, 
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externally  available  summing  node.  Section  D,  however, 
can  be  internally  connected  in  Mode  1  upon  special 
request. 

Mode  3 

Mode  3  is  the  second  of  the  primary  modes.  In  Mode  3,  the 
ratio  of  the  external  clock  frequency  to  the  center  fre- 
quency of  each  2nd  order  section  can  be  adjusted  above 
or  below  50:1  or  1 00:1 .  Side  D  of  the  LTC1 164  can  only  be 
connected  in  Mode  3.  Figure  7  illustrates  Mode  3,  the 
classical  state  variable  configuration,  providing  highpass, 
bandpass,  and  lowpass  2nd  order  filter  functions.  Mode  3 
is  slower  than  Mode  1.  Mode  3  can  be  used  to  make  high 
order  all-pole  bandpass,  lowpass,  highpass  and  notch 
filters. 


When  the  internal  clock  to  center  frequency  ratio  is  set  at 
50:1,  the  design  equations  for  Q  and  bandpass  gain  are  dif- 
ferent from  the  100:1  case.  This  was  done  to  provide  speed 
without  penalizing  the  noise  performance. 


SECONDARY  MODES 
Mode  1b 


Mode  Ibis  derived  from  Mode  1 . 1  n  Mode  1  b,  Figure  8,  two 
additional  resistors  R5  and  R6,  are  added  to  alternate  the 
amount  of  voltage  fed  back  from  the  low  pass  output  into 
the  input  of  the  SA  (or  SB  or  SC)  switched  capacitor  sum- 
mer. This  allows  the  filter  clock  to  center  frequency  ratio 
to  be  adjusted  beyond  50:1  or  100:1.  Mode  1b  maintains 
the  speed  advantages  of  Mode  1. 


Cc 


 1|  


MODE  3  (100:1):     l„=  ^  ^Tjf :  0=  ||  yf^ ;  H0HP= 
H0Bp=-R3/R1:  H0LP=-R4/R1 

'CLK    /~B2.n_  1.0051VR27R4) 


-R2/R1: 


MODE  3  (50:1):  l0= 


(R2/R3)-(R2/16R4)' 


H0HP=-R2/R1;  H0BP=- T_(^L;  H0LP=-R4/R1 


NOTE:  THE  50:1  EQUATIONS  FOR  MODE  3  ARE  DIFFERENT  FROM  THE  EQUATIONS 
FOR  MODE  3  OPERATION  OF  THE  LTC1059,  LTC1060  AND  LTC1061 .  START  WITH 
l0.  CALCULATE  R2/R4,  SET  R4:  FROM  THE  Q  VALUE,  CALCULATE  R3: 


1  005 
Q  > 


R2  

'R2  R2 
R4  16R4 


:  THEN  CALCULATE  R1  TO  SET 
THE  DESIRED  GAIN. 


Mode  2 

Mode  2  is  a  combination  of  Mode  1  and  Mode  3,  as  shown 
in  Figure  9.  With  Mode  2,  the  clock  to  center  frequency 
ratio,  fcLK'fo,  is  always  less  than  50:1  or  100:1.  The  advan- 
tage of  Mode  2  is  that  it  provides  less  sensitivity  to  resis- 
tor tolerances  than  does  Mode  3.  As  in  Mode  1 ,  Mode  2  has 


bp  r~i  lp 


°~  100(50)  V  R5  +  R6' -  *  u~  R2  VR5+R6' 


Hobp=- jjf;  (R5//R6)<5kn 


Figure  7.  Mode  3:  2nd  Order  Filter  Providing  Highpass, 
Bandpass,  Lowpass 


Figure  8.  Mode  1b:  2nd  Order  Filter  Providing  Notch,  Bandpass, 
Lowpass 
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a  notch  output  which  depends  on  the  clock  frequency,  and 
the  notch  frequency  is  therefore  less  than  the  center  fre- 
quency, f0. 

When  the  internal  clock  to  center  frequency  ratio  is  set  at 
50: 1,  the  design  equations  for  Qand  bandpass  gain  are  dif- 
ferent from  the  100:1  case. 

Mode  3A 

This  is  an  extension  of  Mode  3  where  the  highpass  and 
lowpass  output  are  summed  through  two  external  resis- 
tors Rn  and  R|  to  create  a  notch.  This  is  shown  in  Figure  1 0. 
Mode  3A  is  more  versatile  than  Mode  2  because  the  notch 


frequency  can  be  higher  or  lower  than  the  center  fre- 
quency of  the  2nd  order  section.  The  external  op  amp  of 
Figure  10  is  not  always  required.  When  cascading  the 
sections  of  the  LTC1164,  the  highpass  and  lowpass  out- 
puts can  be  summed  directly  into  the  inverting  input  of  the 
next  section.  The  topology  of  Mode  3A  is  useful  for  elliptic 
highpass  and  notch  filters  with  clock  to  cutoff  frequency 
ratios  higher  than  100:1.  This  is  often  required  to  extend 
the  allowed  input  signal  frequency  range  and  to  avoid 
premature  aliasing. 

When  the  internal  clock  to  center  frequency  ratio  is  set  at 
50: 1,  the  design  equations  for  Qand  bandpass  gain  are  dif- 
ferent from  the  100:1  case. 


MODE2(100:1):  V 


MODE  2  (50:1): 


■  1  »|R2/R1j 


R2  . ,     'CLK  .  n 


1J05W1+R2/R4) 
(R2/R3)-(R2/16R4) 


H08P 

Ho»2(t-'^)  =  - 


R3/R1  .  H  „_m_  -R2/R1 
1-1R3/16R4)  '   0N"      '  1+(R2/R4) 


;  Rolp= 


1+(R2/R4) 


NOTE:  THE  50:1  EQUATIONS  FOR  MODE  2  ARE  DIFFERENT  FROM  THE  EQUATIONS 
FOR  MODE  2  OPERATION  OF  THE  LTC1059.  LTC1060  AND  LTC10B1 .  START  WITH 
f„.  CALCULATE  R2/R4.  SET  R4:  FROM  THE  Q  VALUE  CALCULATE  R3: 

sr-  :  THEN  CALCULATE  R1  TO  SET  THE  DESIRED  GAIN 


Figure  9.  Mode  2:  2nd  Order  Filter  Providing  Notch,  Bandpass,  Lowpass 


MODE  3A  (100:1): 


MODE  3A  (50:1): 


fCLK 
100 


.  'CLK 


0Hp=-R2/R1:  H0Bp  = 


H0LP=  -R4/R1;  HON1(l-0)=  ^  x  |j  :  H0N2  (l-^)  =  ^  x  ff 
H0»(.  =  l„)  =  o(^HOLp-^HOHP);Q=§N/f 


HoBP  = 


1-IR3/16R4) 


(R2/R3MR2/16R4) 


NOTE:  THE  50:1  EOUATIONS  FOR  MODE  3A  ARE  DIFFERENT  FROM  THE  EOUATIONS 
FOR  MODE  3A  OPERATION  OF  THE  LTC1059.  LTC1060  AND  LTC1061.  START  WITH 
V  CALCULATE  R2/R4,  SET  R4.  FROM  THE  Q  VALUE,  CALCULATE  R3. 


1  005 
Q  1 


R2 
16R4 


:  THEN  CALCULATE  R1  TO  SET 
THE  DESIRED  GAIN 


EXTERNAL  OP  AMP  OR 
INPUTOPAMPOFTHE 
LTC1 164.  SIDE  A,  8.  CD 


Figure  10.  Mode  3A:  2nd  Order  Filter  Providing  Highpass,  Bandpass,  Lowpass,  Notch 
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196k 

-wv- 


75k 

2 

154k 

3 

75k 

4 

82.5k 


24 


23  88.7k 


22 


76.8k 

viiv 


V0UT 


0.1(tf 


f-SdB^  fCLK=500kte 


Figure  11.  8th  Order  Lowpass  Butterworth,  Passband  Noise  90u.VRMS 
(Also  Refer  to  the  LTC1 164-5) 


FREQUENCY  (Hz)  FREQUENCY  (Hz) 

Graph  9.  LTC1164  8th  Order  Butterworth,  Graph  10.  LTC1164  8th  Order  Butterworth, 

fCLK  =  500kHz,  L3dB  =  10kHz  fCLK  =  500kHz,  f_3dB  =  10kHz  ±8V,  A.  2VRMS,  B.  4VRMS 
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Figure  12.  8th  Order  Lowpass  Single  Supply  Elliptic-Bessel  Transitional  Filter 
Total  Supply  Current  =  4mA,  Passband  Noise  50uVRMS 
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Graph  11.  LTC1164  8th  Order  Lowpass, 
Elliptic-Bessel  Transitional  Filter  Single  SV  Supply 
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ALL  RESISTORS  MF  1% 

®  ®  ©  ® 

R1  48.7k 

R2   46.4k  34.0k  31.6k  43  2k 

R3   31.6k  127k  39.2k  31.6k 

R4  40.2k  29.4k  30.1k  69.8k 

309k  158k  210k 

63.4k  28.0k  27.4k 


VflUT 


Figure  13.  LTC1164  8th  Order  Lowpass  Elliptic,  fcuTOFF  =  5kHz,  (CLk  =  250kHz,  -78dB  at  10kHz, 

(Also  Refer  to  the  LTC1 164-6) 


Noise  =  110liVrMS±5V 
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Figure  14.  LTC1164  8th  Order  Lowpass  Elliptic,  fcuTOFF  =  5kHz 
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ALL  RESISTORS  MF1% 

®  ®  ©  ® 

R1  82.5k 

R2   30.1k  28.7k  30.9k  38.3k 

71.5k  301k  124k  57.6k 

R4   44.2k  28.7k  31.1k  118k 

121k  124k  40.2k  24.3k 

75k  68.1k  30.9k  30.1k 


0.001(iF 


Figure  1 5.  LTC1 164  9th  Order  Lowpass  Elliptic,  Fixed  tcuTOFF = 4kHz, 
fdK = 400kHz,  -  74dB  at  5kHz,  Passband  Noise = 210/iVrms  ±  5V 


10.00 
0.0 
-10.00 
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lCLK  =  400kHz 
VS=  ±7.5V 
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Figure  16.  LTC1 164  9th  Order  Lowpass  Elliptic, 
'cutoff = 4kHz 
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SECTION  9— MICROPROCESSOR  SUPERVISORY  CIRCUITS 

INDEX  9-2 

SELECTION  GUIDE  9-3 

PROPRIETARY  PRODUCTS 

L  TC690/L  TC691/L  TC694/L  TCB95,  Microprocessor  Supervisory  Circuits  9-4 

L  TCB99,  Microprocessor  Supervisory  Circuit  9-18 

LTC1232,  Microprocessor  Supervisory  Circuit  9-22 

L  TC1235,  Microprocessor  Supervisory  Circuit  with  Conditional  Battery  Backup  9-29 
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MICROPROCESSOR  SUPERVISORY  CIRCUITS 


LTC  FflmiLV  OF  SUPERVISORY  CIRCUIT  PRODUCTS 


FUNCTION 

LTC1235 

LTC690 

LTC691 

LTC694 

LTC695 

LTC699 

LTC1232 

Pushbutton  Reset 

X 

X 

Battery  Backup  Switching 

X 

X 

X 

X 

X 

Conditional  Battery  Backup 

X 

RAM  Write  Protect 

X 

X 

X 

Watchdog  Timer 

X 

X 

X 

X 

X 

X 

X 

Power  Fail  Warning 

X 

X 

X 

X 

X 

Power  Up/Down  Reset 

X 

X 

X 

X 

X 

X 

X 

Reset  Threshold  (V) 

4.65 

4.65 

4.65 

4.65 

4.65 

4.65 

4.62/4.37 

Reset  Pulse  Width  (ms) 

200 

50 

50 

200 

200 

200 

610 

Guaranteed  Reset  Level  (Vcc) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Power  Supply  Current  (uA) 

600 

600 

600 

600 

600 

600 

500 

Packages:  Plastic 

16 

8 

16 

8 

16 

8 

8 

Ceramic  DIP  8 

16 

8 

16 

SOIC                                    16*  8 

16- 

8 

16'                8  8 

Temperature  Ranges 

<- 

C.  I.  M 

C,  I,  M 

C.  I,  M 

C,  I.  M 

s 

C,  I 

Notes:  C  =  0°C  to +70°C     I  =  -40°C  to  +85°C     M  =  -55°C  to  +125°C 


DCFirwions  of  Funcnons 

Pushbutton  Reset:  Provides  a  manoal  reset  input,  usually  triggered  by  a 
pushbutton  switch,  which  is  debounced  and  will  initiate  the  usual  reset 


*0.3  Inch  Wide  SOL  Package 


delay  for  LTC's 


Battery  Backup  Switching:  When  VCc  drops  below  the  battery  voltage,  Vout 
is  connected  to  VBatt  and  the  device  is  placed  in  standby  mode  to  conserve 
power.  This  provides  backup  power  to  the  CMOS  RAM  while  consuming  less 
than  1llA  of  supply  current. 

Conditional  Battery  Backup:  Electrically  disconnects  the  battery  during 
shipment  and  storage  to  prevent  unnecessary  discharge.  Disconnection  is 
done  by  detecting  the  power  down  sequencing  of  the  supply  and  battery 
inputs. 

RAM  Write  Protect:  The  system  RAM  enable  line  is  gated  by  the  supervisory 
circuit.  When  the  supply  voltage  drops  below  the  reset  voltage  threshold,  the 
enable  line  is  inhibited,  preventing  erroneous  data  from  being  written  into  the 


RAM  when  VCc  is  at  an  invalid  level.  The  maximum  enable 
supervisors  is  45ns. 

Watchdog  Timer:  Monitors  the  activity  of  the  p.P.  The  processor  must  toggle 
this  input  line  before  the  given  timeout  period  expires,  or  a  reset  will  be 
initiated.  This  function  is  intended  to  prevent  uP's  from  becoming  acciden- 
tally stalled  in  microcode  loops  indefinitely. 

Power  Fail  Warning:  Provides  early  warningtotheuPof  an  impending  power 
failure  by  monitoring  the  unregulated  power  supply.  This  gives  the  processor 
time  to  perform  shutdown  activities  before  all  regulated  power  is  lost. 

Power  Up/Down  Reset:  Resets  the  uiP  when  the  power  supply  line  drops 
below  the  preset  threshold.  LTC's  supervisors  will  hold  the  reset  line  low 
down  to  supply  voltages  of  1.0V,  providing  a  reliable  reset  through  VCc 
voltages  which  may  allow  the  processor  to  begin  operation. 


pin  conFiGURRTions 

TOP  VIEW 


Vbatt  E 

H]  reset 

Vout  U 

SI  RESET 

gnd  rr  ltc 

235      SI  re'N 

BATTON  [T 

jE  CEOUT 

LOW  LINE  (T 

TT|  WOI 

pbrst  fT 

BACKUP  fT 

9]  PFI 

N  PACKAGE 
16-LEAD  PLASTIC  DIP 


ji]  PRESET 

lU  PRESET 

Tj]  WDO 

U  CEIN 

iH  CEOUT 

TTJ  wdi 

To]  pfo 

9]  PFI 


PACKAGE 
16-LEAD  PLASTIC  SOL 


J  PACKAGE 
16-LEAD  CERAMIC  DIP 


N  PACKAGE 
16-LEAD  PLASTIC  DIP 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


J8  PACKAGE 
8-LEAD  CERAMIC  Dl 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 


NB  PACKAGE 
8-LEAD  PLASTIC  DIP 


Vcc  [T 

w>rj 

GND  [3  ' 
GNDfJ 

J8  PACKAGE 
8-LEAD  CEBAM  C  DIP 


T]  GND 
7]  RESET 
7]  WDI 
U  NC 


»8  PACKAGE 
8-LEAD  PLASTIC  DIP 


P8  RST  fj 

tdH 
tol  [J 

GND  [T 


T]  V« 
TTST 
TjRST 

T]  RST 


Lin^AB. 
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LTC690/LTC691 
LTC694/LTC695 


Microprocessor 
Supervisory  Circuits 


F€RTUR€S 

■  Guaranteed  Reset  Assertion  at  Vcc  =  1 V 

■  1.5mA  Maximum  Supply  Current 

■  Fast  (35ns  Max.)  Onboard  Gating  of  RAM  Chip 
Enable  Signals 

■  S0-8and  SO-16  Packaging 

■  4.65V  Precision  Voltage  Monitor 

■  Power  OK/Reset  Time  Delay: 
50ms,  200ms,  or  Adjustable 

■  Minimum  External  Component  Count 

■  1jjA  Maximum  Standby  Current 

■  Voltage  Monitor  for  Power  Fail  or  Low  Battery 
Warning 

■  Thermal  Limiting 

■  Performance  Specified  Over  Temperature 

■  Superior  Upgrade  for  MAX690  Family 

APPLICATION 

■  Critical  |aP  Power  Monitoring 

■  Intelligent  Instruments 

■  Battery-Powered  Computers  and  Controllers 

■  Automotive  Systems 


DCSCRIPTIOn 

The  LTC690  family  provides  complete  power  supply  moni- 
toring and  battery  control  functions  for  microprocessor 
reset,  battery  backup,  CMOS  RAM  write  protection,  power 
failure  warning  and  watchdog  timing.  A  precise  internal 
voltage  reference  and  comparator  circuit  monitor  the 
power  supply  line.  When  an  out-of-tolerance  condition 
occurs,  the  reset  outputs  are  forced  to  active  states  and  the 
Chip  Enable  output  unconditionally  write-protects  exter- 
nal memory.  In  addition,  the  RESET  output  is  guaranteed 
to  remain  logic  low  even  with  VCc  as  low  as  1V. 

The  LTC690  family  powers  the  active  CMOS  RAMs  with  a 
charge  pumped  NMOS  power  switch  to  achieve  low  drop- 
out and  low  supply  current.  When  primary  power  is  lost, 
auxiliary  power,  connected  to  the  battery  input  pin,  powers 
the  RAMs  in  standby  through  an  efficient  PMOS  switch. 

For  an  early  warning  of  impending  power  failure,  the 
LTC690  family  provides  an  internal  comparator  with  a 
user-defined  threshold.  An  internal  watchdog  timer  is  also 
available,  which  forces  the  reset  pins  to  active  states  when 
the  watchdog  input  is  not  toggled  priorto  a  presettime-out 
period. 


TYPICAL  flPPUCATIOn 


V|N>7.5V 


Vf.c  Vcui 
ITC69WJC691 
LTC694.4.TC69S 

POWER  TO  |iP 
CMOS  RAM  POWER 

UP 
SYSTEM 

Q,T|ff 

RESET 

MP  reset 

m 

IJPNMI 

I/O  LINE 

PFI  WOI 

MICROPROCESSOR  RESET,  BATTERY  BACKUP,  POWER  FAILURE  WARNING  AND 
WATCHDOG  TIMING  ARE  ALL  IN  A  SINGLE  CHIP  FOR  MICROPROCESSOR  SYSTEMS. 


RESET  Output  Voltage  vs 
Supply  Voltage 


Ts  =  25°C 

EXTERNAL  PULLUP  =  10uA 
VBatt  =  0V 


2  3  4  5 
SUPPLY  VOLTAGE  (V) 
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LTC690/LTC691 
LTC694/LTC695 


rbsolutc  mflximum  rrtirgs 

(Notes  1  and  2) 

Terminal  Voltage 

Vcc  -0.3V  to  6.0V 

Vbatt  -0'3V  t0  60V 

All  Other  Inputs  -0.3V  to  (V0Ut  +  0.3V) 

Input  Current 

VCc   200mA 

Vbatt  50mA 

GND  20mA 


Vout  Output  Current  Short  Circuit  Protected 

Power  Dissipation   500mW 

Operating  Temperature  Range 

LTC690/91/94/95C  0°C  to  70°C 

LTC690/91/94/95I  -40°C  to  85°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


PRCKRG€/ORD€R  IflFORfTlflTIOn 

(Note  3) 


TOP  VIEW 


Vbatt  fj 

16)  RESET 

Vout  H 

gj  RESET 

Vcc  n 

5J  WBO 

GND  \T 

LTC691 

HI  CE  IN 

BATTON  (T 

LTC695 

12]  CEOUT 

LOW  LINE  QF 

iTJ  WDI 

OSCIN  [7 

10]  PFO 

OSCSEL  \J 

T\  PFI 

N  PACKAGE 
16-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LTC691CN 
LTC691IN 
LTC695CN 
LTC695IN 


TOP  VIEW 


Vbatt  \T 

Vout  d 

Vcc  n 

GND  [T 

BATT  ON  [T 


LOW  LINE  L6 
OSC  IN  \7 
OSCSEL  \J 


LTC691 
LTC695 


RESET 

RESET 

WDO 

CE  IN 

CEOUT 

WDI 

PFO 

PFI 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


ORDER  PART 
NUMBER 


LTC691CS 
LTC691IS 
LTC695CS 
LTC695IS 


LTC690CN8 
LTC690IN8 
LTC694CN8 
LTC694IN8 


Vout  E 
Vcc  LI 

GND  [T 
PFI  |T 


LTC690 
LTC694 


I]  vbatt 

JJ  RESET 
T|  WDI 
1]  PFO 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 


S8  PART 
MARKING 


690 
6901 
694 
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PRODUCT  S€l€CTIOn  GUIDC 


PART  NUMBER 

CHIP  ENABLE 
SIGNALS 

RESET  ACTIVE 
TTIME 

WATCHDOG  TIME-OUT 
PERIOD 

BASE  DRIVE  FOR  EXT. 
PNP  TRANSISTOR 

ADDITIONAL  OUTPUTS 
WDO,  RESET,  LOW  LINE 

LTC690 

No 

50ms 

1 .6  sec 

No 

No 

LTC691 

Yes 

50ms  or  Adjustable 

1 .6  sec  or  Adjustable 

Yes 

Yes 

LTC694 

No 

200ms 

1 .6  sec 

No 

No 

LTC695 

Yes 

200ms  or.  Adjustable 

1.6  sec  or  Adjustable 

Yes 

Yes 

LTC690/LTC691 
LTC694/LTC695 


€L€CTR1CRI  CHRRRCT€RISTICS 

VCc  =  Full  Operating  Range,  VBAn  =  2-8V,  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 


CONDITONS 


MIN 


TYP 


MAX  UNITS 


Battery  Backup  Switching 


Operating  Voltage  Range 
Vcc 

VBATT 

4.75  5.5 
2  0                                4  25 

V 

"OUT  uuipui  vouage 

■OUT  -  lmrt 

• 

Vcc- 0.1      Vcc -0.005 

V 

Iout  =  50mA 

Vcc -0.5       Vcc -0.25 

Vout  in  Battery  Backup  Mode 

l0UT  =  250mA,  Vcc  <  Vbatt 

Vbatt -0.1    Vbah -0.02 

V 

Supply  Current  (exclude  I0Ut) 

Iout  £  50mA 

• 

0.6  1.5 
0.6  2.5 

mA 

Supply  Current  in  Battery  Backup  Mode 

Vcc  =  0V,  VBAtt  =  2-8V 

• 

0.04  1 
0.04  5 

MA 

Battery  Standby  Current 
(+  =  Discharge,  -  =  Charge) 

5.5  >  VCc  >  Vbatt  +  0.2V 

• 

-0.1  +0.02 
-1.0  +0.1 

ma 

Battery  Switchover  Threshold 
Vcc  -  Vbah 

Power  Up 
Power  Down 

70 
50 

mV 

Battery  Switchover  Hysteresis 

20 

mV 

BATT  ON  Output  Voltage  (Note  4) 

■sink  =  3.2mA 

0.4 

V 

BATT  ON  Output  Short  Circuit  Current  (Note  4) 

BATT  ON  =  Vout  Sink  Current 

35 

m 

BATT  ON  =  0V  Source  Current 

0.5              1  25 

MA 

Reset  and  Watchdog  Timer 

Reset  Voltage  Threshold 

4.5             4.65  4.75 

V 

Reset  Threshold  Hysteresis 

40 

mV 

Reset  Active  Time  (LTC690/91 ) 
(Note  5) 

OSC  SEL  HIGH,  Vcc  =  5V 

40              50  60 
35              50  70 

ms 

Reset  Active  Time  (LTC694/95) 
(Note  5) 

OSC  SEL  HIGH,  Vcc  =  5V 

160              200  240 
140             200  280 

ms 

Watchdog  Timeout  Period, 
Internal  Oscillator 

Long  Period,  Vcc  *  5V 

1.2             1.6  2.0 
1.0              1.6  2.25 

sec 

Short  Period,  VCc  =  5V 

80              100  120 
70              100  140 

ms 

Watchdog  Time-out  Period,  External  Clock 
(Note  6) 

Long  Period 
Short  Period 

4032  4097 
960  1025 

Clock 
Cycles 

Reset  Active  Time  PSRR 

1 

ms/V 

Watchdog  Time-out  Period  PSRR,  Internal  OSC 

1 

ms/V 

Minimum  WDI  Input  Pulse  Width 

V|L  =  0.4V,  V|H  =  3.5V 

• 

200 

ns 

RESET  Output  Voltage  At  Vcc  =  1 V 

Isink  =  10mA,  Vcc  =  1V 

4  200 

mV 

RESET  and  LOW  LINE  Output  Voltage 
(Note  4) 

Isink  =  16mA,  Vcc  =  4.25V 
'source  =  1pA,  VCC  =  5V 

0.4 

3.5 

V 

RESET  and  WDO  Output  Voltage 
(Note  4) 

Isink  =  1.6mA,  Vcc  =  5V 
SOURCE  =  1uA  Vcc  =  4.25V 

0.4 

3.5 

V 
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€l€CTRICm  CHRRnCTCRISTICS 

Vcc  =  Full  Operating  Range,  VBatt  =  2-8V,  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 

CONDITONS 

MIN 

TYP 

MAX 

UNITS 

RESET,  RESET,  WDO,  LOW  LINE 

Output  Source  Current 

1 

3 

25 

MA 

Output  Short  Circuit  Current  (Note  4) 

Output  Sink  Current 

25 

mA 

WDI  Input  Threshold 

Logic  Low 
Logic  High 

2.0 

0.8 

V 

WDI  Input  Current 

WDUVout 
WDI  =  OV 

• 
• 

-50 

4 

-8 

50 

uA 

Power  Fail  Detector 

PFI  Input  Threshold 

VCC  =  5V 

• 

1.25 

1.3 

1.35 

V 

PFI  Input  Threshold  PSRR 

0.3 

mWV 

PFI  Input  Current 

±0.01 

125 

nA 

PRO  Output  Voltage  (Note  4) 

■sink  =  32mA 
'source  =  1mA 

3.5 

0.4 

V 

PFO  Short  Circuit  Source  Current 

PFI  =  HIGH,  PFO  =  OV 

1 

3 

25 

MA 

(Note  4) 

PFI  =  LOW,PF0  =  VOuT 

25 

mA 

PFI  Comparator  Response  Time  (falling) 

AV|N  =  -20mV,  V0D  =  15mV 

2 

us 

PFI  Comparator  Response  Time  (rising) 
(Note  4) 

AV|N  =  20mV,  VrjD  =  15mV 
with  10kn  Pullup 

40 
8 

us 

Chip  Enable  Gating 

CE  IN  Threshold 

V,L 

V|H 

2.0 

0.8 

V 

CE  IN  Pullup  Current  (Note  7) 

3 

uA 

CE  OUT  Output  Voltage 

Isink  =  3.2mA 
'source  =  3.0mA 
'source  =  1lA  VCc  =  0V 

Vout-1-5 
Vout-0.05 

0.4 

V 

CE  Propagation  Delay 

VCC  =  5V,  CL  =  20pF 

• 

20 
20 

35 
45 

ns 

CE  OUT  Output  Short  Circuit  Current 

Output  Source  Current 
Output  Sink  Current 

30 
35 

mA 

Oscillator 

OSC  IN  Input  Current  (Note  7) 

±2 

uA 

OSC  SEL  Input  Pullup  Current  (Note  7) 

5 

uA 

OSC  IN  Frequency  Range 

OSC  SEL  =  OV 

• 

0 

250 

kHz 

OSC  IN  Frequency  with  External  Capacitor 

OSC  SEL  =  0V,  C0SC  =  47pF 

4 

kHz 

The  •  denotes  specifications  which  apply  over  the  operating  temperature 
range. 

Note  1:  Absolute  maximum  ratings  are  those  values  beyond  which  the  life 

of  device  may  be  impaired. 

Note  2:  All  voltage  values  are  with  respect  to  GND. 

Note  3:  For  military  temperature  range  parts  or  for  the  LTC692  and 

LTC693,  consult  the  factory. 

Note  4:  The  output  pins  of  BATT  ON,  LOW  LINE,  PFO,  WDO,  RESET  and 
RESET  have  weak  internal  pullups  of  typically  3uA.  However,  external 
pullup  resistors  may  be  used  when  higher  speed  is  required. 
Note  5:  The  LTC690  and  LTC691  have  minimum  reset  active  time  of  35ms 
(50ms  typically)  while  the  LTC694  and  LTC695  have  longer  minimum 


reset  active  time  of  140ms  (200ms  typically).  The  reset  active  time  of  the 
LTC691  and  LTC695  can  be  adjusted  (see  Table  2  in  Applications 
Information  Section). 

Note  6:  The  external  clock  feeding  into  the  circuit  passes  through  the 
oscillator  before  clocking  the  watchdog  timer  (See  BLOCK  DIAGRAM). 
Variation  in  the  time-out  period  is  caused  by  phase  errors  which  occur 
when  the  oscillator  divides  the  external  clock  by  64.  The  resulting 
variation  in  the  time-out  period  is  64  clocks  plus  one  clock  of  jitter. 
Note  7:  The  input  pins  of  CE  IN,  OSC  IN  and  OSC  SEL  have  weak  internal 
pullups  which  pull  to  the  supply  when  the  input  pins  are  floating. 


LTC690/LTC691 
LTC694/LTC695 


BLOCK 


CEOUT 


pin  Funcnons 

VCc:  +5V  supply  input.  The  VCc  pin  should  be  bypassed 
with  a  0.1  nF  capacitor. 

Vout:  Voltage  output  for  backed  up  memory.  Bypass  with 
a  capacitor  of  0.1  |if  or  greater.  During  normal  operation, 
Vout  obtains  power  from  VCc  through  an  NMOS  power 
switch,  M1 ,  which  can  deliver  up  to  50mA  and  has  a  typical 
on  resistance  of  5£l  When  Vcc  is  lower  than  Vbatt.  Vout 
is  internally  switched  to  VBatt-  It  V0ut  and  VBatt  are  not 
used,  connect  Vout  to  Vcc- 

vbatt:  Backup  battery  input.  When  Vcc falls  below  Vbatt. 
auxiliary  power,  connected  to  Vbatt.  is  delivered  to  Vout 
through  PMOS  witch,  M2.  If  backup  battery  or  auxiliary 
power  is  not  used,  VBatt  should  be  connected  to  GND. 


GND:  Ground  pin. 

BATT  ON:  Battery  on  logic  output  from  comparator  C2. 
BATT  ON  goes  low  when  Vqut  is  internally  connected  to 
Vcc.  The  output  typically  sinks  35mA  and  can  provide  base 
drive  for  an  external  PNP  transistor  to  increase  the  output 
current  above  the  50mA  rating  of  Vout-  BATT  ON  goes 
high  when  Vout  is  internally  switched  to  VBatt- 

PFI:  Power  Failure  Input.  PFI  is  the  noninverting  input  to 
the  Power  Fail  Comparator,  C3.  The  inverting  input  is 
internally  connected  to  a  1 ,3V  reference.  The  Power  Failure 
Output  remains  high  when  PFI  is  above  1 .3V  and  goes  low 
when  PFI  is  below  1 .3V.  Connect  PFI  to  GND  or  V0Ut  when 
C3  is  not  used. 


LTC690/LTC691 
LTC694/LTC695 


pin  Funcnons 

PFO:  Power  Failure  Output  from  C3.  PFO  remains  high 
when  PFI  is  above  1 .3V  and  goes  low  when  PFI  is  below 
1.3V.  When  Vcc  is  lower  than  VBatt.  C3  is  shut  down  and 
PFO  is  forced  low. 

RESET:  Logic  output  for  uP  reset  control.  Whenever  VCc 
falls  below  either  the  reset  voltage  threshold  (4.65V, 
typically)  or  Vbatt.  RESET  goes  active  low.  After  VCc 
returns  to  5V,  reset  pulse  generator  forces  RESET  to 
remain  active  low  for  a  minimum  of  35ms  for  the  LTC690 
/1  (140ms  for  the  LTC694/5).  When  the  watchdog  timer  is 
enabled  but  not  serviced  prior  to  a  preset  time-out  period, 
reset  pulse  generator  also  forces  RESET  to  active  low  for 
a  minimum  of  35ms  for  the  LTC690/1  (140ms  for  the 
LTC694/5)  for  every  preset  time-out  period  (see  Figure 
10).  The  reset  active  time  is  adjustable  on  the  LTC691/5. 

RESET:  RESET  is  an  active  high  logic  ouput.  It  is  the 
inverse  of  RESET. 

LOW  LINE:  Logic  output  from  comparator  C1.  LOW  LINE 
indicates  a  low  line  condition  at  the  Vcc  input  When  Vcc 
falls  below  the  reset  voltage  threshold  (4.65V  typically), 
LOW  LINE  goes  low.  As  soon  as  Vcc  rises  above  the  reset 
voltage  threshold,  LOW  LINE  returns  high  (see  Figure  1). 
LOW  LINE  goes  low  when  Vcc  drops  below  Vbatt  (see 
Table  1). 

WDI:  Watchdog  Input,  WDI,  is  a  three  level  input.  Driving 
WDI  either  high  or  low  for  longer  than  the  watchdog  time- 
out period,  forces  both  RESET  and  WDO  low.  Floating  WDI 
disables  the  Watchdog  Timer.  The  timer  resets  itself  with 
each  transition  of  the  Watchdog  Input  (see  Figure  10). 

WDO:  Watchdog  logic  output.  When  the  watchdog  input 
remains  either  high  or  low  for  longer  than  the  watchdog 


time-out  period,  WDO  goes  low.  WDO  is  set  high  whenever 
there  is  a  transition  on  the  WDI  pin,  or  LOW  LINE  goes  low. 
The  watchdog  timer  can  be  disabled  by  floating  WDI  (see 
Figure  10). 

CE  IN:  Logic  input  to  the  Chip  Enable  gating  circuit.  CE  IN 
can  be  derived  from  microprocessor's  address  line  and/or 
decoder  output.  See  Applications  Information  Section  and 
Figure  4  for  additional  information. 

CE  OUT:  Logic  output  on  the  Chip  Enable  gating^  circuit. 
When  VCc  is  above  thejeset  voltage  threshold,  CE  OUT  is 
a  buffered  replica  of_CE  IN.  When  Vcc  is  below  the  reset 
voltage  threshold  CE  OUT  is  forced  high  (see  Figure  4). 

OSC  SEL:  Oscillator  Selection  input.  When  OSC  SEL  is 
high  or  floating,  the  internal  oscillator  sets  the  reset  active 
time  and  watchdog  time-out  period.  Forcing  OSC  SEL  low, 
allows  OSC  IN  be  driven  from  an  external  clock  signal  or 
external  capacitor  be  connected  between  OSC  IN  and 
GND. 

OSC  IN:  Oscillator  Input.  OSC  IN  can  be  driven  by  an 
external  clock  signal  or  external  capacitor  can  be  connected 
between  OSC  IN  and  GND  when  OSC  SEL  is  forced  low.  In 
this  configuration  the  nominal  reset  active  time  and 
watchdog  time-out  period  are  determined  by  the  number 
of  clocksorset  by  the  formula  (see  Applications  Information 
Section).  When  OSC  SEL  is  high  or  floating,  the  internal 
oscillator  is  enabled  and  the  reset  active  time  is  fixed  at 
50ms  typical  for  the  LTC691  and  200ms  typical  for  the 
LTC695.  OSC  IN  selects  between  the  1.6  seconds  and 
100ms  typical  watchdog  time-out  periods.  In  both  cases, 
the  time-out  period  immediately  after  a  reset  is  1 .6  seconds 
typical. 
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flppucRTions  inFORmnnon 

Microprocessor  Reset 

The  LTC690  family  uses  a  bandgap  voltage  reference  and 
a  precision  voltage  comparator  C1  to  monitor  the  5V 
supply  input  on  Vcc  (see  BLOCK  DIAGRAM).  When  VCc 
falls  below  the  reset  voltage  threshold,  the  RESET  output 
is  forced  to  active  low  state.  The  reset  voltage  threshold 
accounts  for  a  5%  variation  on  VCc  so  the  RESET  output 
becomes  active  low  when  Vcc  falls  below  4.75V  (4.65V 
typical).  On  power-up,  the  RESET  signal  is  held  active  low 
for  a  minimum  of  35ms  for  the  LTC690/1  (140ms  for  the 
LTC694/5)  after  reset  voltage  threshold  is  reached  to  allow 
the  power  supply  and  microprocessor  to  stabilize.  The 
reset  active  time  is  adjustable  on  the  LTC691/5.  On  power- 
down,  the  RESET  signal  remains  active  low  even  with  Vcc 
as  low  as  1 V.  This  capability  helps  hold  the  microproces- 
sor in  stable  shutdown  condition.  Figure  1  shows  the 
timing  diagram  of  the  RESET  signal. 

The  precision  voltage  comparator,  C1 ,  typically  has  40mV 
of  hysteresis  which  ensures  that  glitches  at  Vcc  Pin  do  not 
activate  the  RESET  output.  Response  time  is  typically 
1 0ns.  To  help  prevent  mistriggering  due  to  transient  loads, 
Vcc  Pin  should  be  bypassed  with  a  0.1  |aF  capacitor  with  the 
leads  trimmed  as  short  as  possible. 

The  LTC691  and  LTC695  have  two  additional  outputs: 
RESET  and  LOW  LINE.  RESET  is  an  active  high  output  and 


is  the  inverse  of  RESET.  LOW  LINE  is  the  output  of  the 
precision  voltage  comparator  C1.  When  Vcc  falls  below 
the  reset  voltage  threshold,  LOW  LINE  goes  low.  LOW 
LINE  returns  high  as  soon  as  VCc  rises  above  the  reset 
voltage  threshold. 

Battery  Switchover 

The  battery  switchover  circuit  compares  VCc  to  the  VBAtt 
input,  and  connects  Vout  to  whichever  is  higher.  When 
Vcc  is  rising  and  is  70mV  higher  than  Vbatt.  the  battery 
switchover  comparator,  C2,  connects  Vout  to  Vccthrough 
a  charge  pumped  NMOS  power  switch,  M1.  When  Vcc 
falls  to  50mV  greater  than  VBatt.  C2  connects  V0ut  to 
Vbatt  through  a  PMOS  switch,  M2.  C2  has  typically  20mV 
of  hysteresis  to  prevent  spurious  switching  when  Vcc 
remains  nearly  equal  to  Vbatt-  The  response  time  of  C2  is 
approximately  20us. 

During  normal  operation,  the  LTC690  family  uses  a  charge 
pumped  NMOS  power  switch  to  achieve  low  dropout  and 
low  supply  current.  This  power  switch  can  deliver  up  to 
50mA  to  Vout  from  Vcc  and  has  a  typical  on  resistance  of 
5£l  The  Vout  pin  should  be  bypassed  with  a  capacitor  of 
O.ljoF  or  greater  to  ensure  stability.  Use  of  a  larger  bypass 
capacitor  is  advantageous  for  supplying  current  to  heavy 
transient  loads. 


LOW  LINE 


V1  =  RESET  VOLTAGE  THRESHOLD 
V2  =  RESET  VOLTAGE  THRESHOLD  t 
RESET  THRESHOLD  HYSTERESIS 


t1  =  RESET  ACTIVE  TIME 


Figure  1.  Reset  Active  Time 
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nppucOTions  inFORmflTion 

When  operating  currents  larger  than  50mA  are  required 
from  Vout.  or  a  lower  dropout  (Vcc  -  V0ut  voltage  differ- 
ential) is  desired,  the  LTC691  and  LTC695  should  be  used. 
These  products  provide  BATT  ON  output  to  drive  the  base 
of  external  PNP  transistor  (Figure  2).  If  higher  currents  are 
needed  with  the  LTC690  and  LTC694,  a  high  current 
Schottky  diode  can  be  connected  from  the  VCc  pin  to  the 
Vout  Pi"  to  supply  the  extra  current. 

ANY  PNP  POWER  TRANSISTOR 


Figure  2.  Using  BATT  ON  to  Drive  External  PNP  Transistor 

The  LTC690  family  is  protected  for  safe  area  operation 
with  short  circuit  limit.  Output  current  is  limited  to  ap- 
proximately 200mA.  If  the  device  is  overloaded  for  long 
period  of  time,  thermal  shutdown  turns  the  power  switch 
off  until  the  device  cools  down.  The  threshhold  tempera- 
ture for  thermal  shutdown  is  approximately  155°C  with 
about  1 0°C  of  hysteresis  which  prevents  the  device  from 
oscillating  in  and  out  of  shutdown. 

The  PNP  switch  used  in  competitive  devices  was  not 
chosen  for  the  internal  power  switch  because  it  injects 
unwanted  current  into  the  substrate.  This  current  is  col- 
lected by  the  Vbatt  pin  in  competitive  devices  and  adds  to 
the  charging  current  of  the  battery  which  can  damage 
lithium  batteries.  LTC690  family  uses  a  charge  pumped 
NMOS  power  switch  to  eliminate  unwanted  charging 
current  while  achieving  low  dropout  and  low  supply  cur- 
rent. Since  no  current  goes  to  the  substrate,  the  current 
collected  by  Vbatt  pin  is  strictly  junction  leakage. 

A 1 25D  PMOS  switch  connects  the  Vbatt  input  to  Vout  m 
battery  backup  mode.  The  switch  is  designed  for  very  low 
dropout  voltage  (input-to-output  differential).  Thisfeature 
is  advantageous  for  low  current  applications  such  as 
battery  backup  in  CMOS  RAM  and  other  low  power  CMOS 
circuitry.  The  supply  current  in  battery  backup  mode  is 
1(jA  maximum. 


The  operating  voltage  at  the  Vbatt  pin  ranges  from  2.0V  to 
4.25V.  High  value  capacitors,  such  as  electrolytic  orfarad- 
size  double  layer  capacitors,  can  be  used  for  short  term 
memory  backup  instead  of  a  battery.  The  charging  resistor 
for  both  capacitors  and  rechargeable  batteries  should  be 
connected  to  Vout  since  this  eliminates  the  discharge 
path  that  exists  when  the  resistor  is  connected  to  Vcc 
(Figure  3). 


0.1  MF 


X 


R 


VOUT  ~  VBATT 
R 


Vcc  VOUT 

LTC690 
LTC691 
LTG694 
LTC695 
Vbatt 


0.1|lF 


t3V_=_ 
i 


Figure  3.  Charging  External  Battery  Through  V0UT 


Replacing  the  Backup  Battery 

When  changing  the  backup  battery  with  system  power  on, 
spurious  resets  can  occur  while  battery  is  removed  due  to 
battery  standby  current.  Although  battery  standby  current 
is  only  a  tiny  leakage  current,  it  can  still  charge  up  the  stray 
capacitance  on  the  Vbatt  pin.  The  oscillation  cycle  is  as 
follows:  When  Vbatt  reaches  within  50mV  of  Vcc,  the 
LTC690  switches  to  battery  backup.  Vout  pulls  VBatt  low 
and  the  device  goes  back  to  normal  operation.  The  leakage 
current  then  charges  up  the  VBATt  pin  again  and  the  cycle 
repeats. 

If  spurious  resets  during  battery  replacement  pose  no 
problems,  then  no  action  is  required.  Otherwise,  two 
methods  can  be  used  to  eliminate  this  problem.  First,  a 
capacitor  from  VBAtt  to  GND  will  allow  time  for  battery 
replacement  by  slowing  the  charge  rate.  For  example,  the 
battery  standby  current  is  1juA  maximum  over  tempera- 
ture and  the  external  capacitor  required  to  slow  the  charge 
rate  is: 

1pA 


Cext-  Treq'd 


Vcc-VF 


BATT 


where  Treq'd  is  the  maximum  time  required  to  replace  the 
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backup  battery.  With  VCc  =  4.5V,  VBatt  =  3V  and  TRE0/D  = 
3  sec,  the  value  for  external  capacitor  is  2uf .  Second,  a 
resistor  from  Vbatt  to  GND  will  hold  the  pin  low  while 
changing  the  battery.  For  example,  the  battery  standby 
current  is  1nA  maximum  over  temperature  and  the  exter- 
nal resistor  required  to  hold  Vbatt  below  VCc  is: 

R^Vcc-50mV 
1(iA 

With  Vcc  =  4.5V,  a  4.3MQ  resistor  will  work.  With  a  3V 
battery,  this  resistor  will  draw  only  0.7uA  from  the  battery, 
which  is  negligible  in  most  cases. 

Table  1.  Input  and  Output  Status  in  Battery  Backup  Mode 


SIGNAL 


Vcc 

VoUT 

Vbatt 

BATTON 

PFI 

PFO 

RESET 

RESET 


LOW  LINE 

WDI 

WDO 

CEIN 

CEOUT 

OSCIN 

OSC  SEL 


STATUS 


C2  monitors  Vcc ,or  active  switchover. 

Vqut  is  connected  to  VBatt  through  an  internal  PMOS  switch. 

The  supply  current  is  1uA  maximum. 

Logic  high.  The  open  circuit  output  voltage  is  equal  to  V0ut- 

Power  Failure  Input  is  ignored. 

Logic  low 

Logic  low 

Logic  high.  The  open  circuit  output  voltage  is  equal  to  V0ut- 
Logic  low 

Watchdog  Input  is  ignored. 

Logic  high.  The  open  circuit  output  voltage  is  equal  to  Vqut- 


Chip  Enable  Input  is  ignored. 

Logic  high.  The  open  circuit  output  voltage  is  equal  to  V0ut- 
OSC  IN  is  ignored. 
OSC  SEL  is  ignored. 


Table  1  shows  the  state  of  each  pin  during  battery  backup. 
When  the  battery  switchover  section  is  not  used,  connect 
Vbatt  to  GND  and  V0ut  to  VCc. 

Memory  Protection 

The  LTC691  and  LTC695  include  memory  protection 
circuitry  which  ensures  the  integrity  of  the  data  in  memory 
by  preventing  write  operations  when  Vcc  is  at  invalid  level. 
Two  additional  pins,  CE  IN  and  CE  OUT,  control  the  Chip 
Enable  or  Write  inputs  of  CMOS  RAM.  When  Vcc  is  +5V, 
CE  OUT  follows  CE  IN  with  a  typical  propagation  delay  of 
20ns.  When  Vcc  tails  below  the  reset  voltage  threshold  or_ 
Vbatt,  CE  OUT  is  forced  high,  independent  qf_CE  IN.  CE 
OUT  is  an  alternative  signal  to  drive  the  CE,  CS,  or  Write 
input  of  battery-backedup  CMOS  RAM.  CE  OUT  can  also 
be  used  to  drive  the  Store  or  Write  input  of  an  EEPROM, 
EAROM  or  NOVRAM  to  achieve  similar  protection.  Figure 
4  shows  the  timing  diagram  of  CE  IN  and  CE  OUT. 

CE  IN  can  be  derived  from  the  microprocessor's  address 
decoder  output.  Figure  5  shows  a  typical  nonvolatile 
CMOS  RAM  application. 

Memory  protection  can  also  be  achieved  with  the  LTC690 
and  LTC694  by  using  RESET  as  shown  in  Figure  6. 


V1  =  RESET  voltage  threshold 
V2  =  reset  voltage  threshold  + 
reset  threshold  hysteresis 


ce  in 


CEOUT 

Vout  =  V8att 


Figure  4.  Timing  Diagram  lor  CE  IN  and  CE  OUT 


\vout  =  ^batt 
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0.1  pF 


10pF 


I  0.1  mF 


CL  20ns  PROPAGATION  DELAY 
  FROM  DECODER 


TOuP 


62512 
RAM 


GND 


Figure  5.  A  Typical  Nonvolatile  CMOS  RAM  Application 


Figure  6.  Write  Protect  tor  RAM  with  LTC690  or  LTC694 


10|lf 


,iT 

51k 


LT1 086-5 
VIN  VOUT 
ADJ 


R2 
10k 


♦5V 

100uF 

_L    R3  '• 

~    300k  ' 

0  1uF^ 

:  Ri 

■  10k  -± 

LTC690/LTC691 
LTC694/LTC695 


TO  IJP 


Figure  7.  Monitoring  Unregulated  DC  Supply 
with  the  LTC690's  Power  Fail  Comparator 


Figure  8.  Monitoring  Regulated  DC  Supply 
0's  Power  Fail  Comparator 


Power  Fail  Warning 

The_LTC690  family  generates  a  Power  Failure  Output 
(PFO)  for  early  warning  of  failure  in  the  microprocessor's 
power  supply.  This  is  accomplished  by  comparing  the 
Power  Failure  Input  (PFI)  with  an  internal  1 .3V  reference. 
PFO  goes  low  when  the  voltage  at  PFI  pin  is  less  than  1 .3V. 
Typically  PFI  is  driven  by  an  external  voltage  divider  (R1 
and  R2  in  Figures  7  and  8)  which  senses  either  an 
unregulated  DC  input  ora  regulated  5Voutput.  The  voltage 
divider  ratio  can  be  chosen  such  that  the  voltage  PFI  pin 
falls  below  1.3V  several  milliseconds  before  the  +5V 
supply  falls  below  the  maximum  reset  voltage  threshold 
4.75V.  PFO  is  normally  used  to  interruptthe  microproces- 
sor to  execute  shut-down  procedure  between  PFO  and 
RESET  or  RESET. 

The  power  fail  comparator,  C3,  does  not  have  hysteresis. 
Hysteresis  can  be  added  however,  by  connecting  a  resis- 
tor between  the  PFO  output  and  the  noninverting  PFI  input 
pin  as  shown  in  Figures  7  and  8.  The  upper  and  lower  trip 
points  in  the  comparator  are  established  as  follows: 

When  PFO  output  is  low,  R3  sinks  current  from  the 
summing  junction  at  the  PFI  pin. 

R1  R1' 


VH  =  1.3V 


1  +  - 


R2  R3 


When  PFO  output  is  high,  the  series  combination  of  R3  and 
R4  source  current  into  the  PFI  summing  junction. 


VL  =  1.3  V 


1  + 


R1  (5V-1.3V)Rr 
R2    1.3V(R3  +  R4), 


Assuming  R4«R3,VHYsteresis  =  5V 


R1 
R3 


Example  1 :  The  circuit  in  Figure  7  demonstrates  the  use  of 
the  power  fail  comparator  to  monitor  the  unregulated 
power  supply  input.  Assuming  the  the  rate  of  decay  of  the 
supply  input  Vin  is  100mV/ms  and  the  total  time  to  execute 
a  shut-down  procedure  is  8ms.  Also  the  noise  of  Vin  is 
200mV.  With  these  assumptions  in  mind,  we  can  reason- 
ably set  VL  =  7.5V  which  1.25V  greater  than  the  sum  of 
maximum  reset  voltage  threshold  and  the  dropout  voltage 
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of  LT1 086-5  (4.75V  +  1.5V)  and  VHYsteresis  =  850mV. 

R1 

^HYSTERESIS  =  5V^  =  850V 

R3  -  5.88  R1 

Choose  R3  =  300kQ  and  R1  =  51  kQ.  Also  select  R4 = 1 0ka 
which  is  much  smaller  than  R3. 


7.5V  =  1.3V  1  + 


51kfl  (5V-1.3V)51kQ 
R2  1.3V(310kQ) 


R2  =  9.7kQ,  Choose  nearest  5%  resistor  1 0k  and  recalcu- 
late VL, 


VL  =  1.3V 


1  + 


51kQ  (5V-1.3V)51kQ 
10kD  1.3V(310kQ) 


=  7.32V 


51k£2     51k£i  1 

VH  =  1.3V  1  +  +  

10kQ  300kD 


8.151V 


7.32V -6. 25V  .ny 

v  Ann  ,„  -  =  1 0.7ms 

100mV/ms 

Vhysteresis  =  8.151V-  7.32V  =  831  mV 

The  10.7ms  allows  enough  time  to  execute  shut-down 
procedure  for  microprocessor  and  831  mV  of  hysteresis 
would  prevent  PFO  from  going  low  due  to  the  noise  of  Vim. 

Example  2:  The  circuit  in  Figure  8  can  be  used  to  measure 
the  regulated  5V  supply  to  provide  early  warning  of  power 
failure.  Because  of  variations  in  the  PFI  threshold,  this 
circuit  requires  adjustment  to  ensure  the  PFI  comparator 
trips  before  the  reset  threshold  is  reached.  Adjust  R5such 
that  the  PFO  output  goes  low  when  the  Vcc  supply  reaches 
the  desired  level  (e.g.,  4.85V). 

Monitoring  the  Status  of  the  Battery 

C3  can  also  monitor  the  status  qfjhe  memory  backup 
battery  (Figure  9).  If  desired,  the  CE_OUT  can  be  used  to 
apply  a  test  load  to  the  battery.  Since  CE  OUT  is  forced  high 
in  battery  backup  mode,  the  test  load  will  not  be  applied  to 
the  battery  while  it  is  in  use,  even  if  the  microprocessor  is 
not  powered. 


^+3V 


+5V 

_L 


VBATT  Vcc 


PFI 


CE  IN 
CE OUT  GNO 


RL20K 

-vw- 


LOW  BATTERY  SIGNAL 
TO  VP  I/O  PIN 


:      OPTIONAL  TEST  LOAD  \ 

LTC690F9 

Figure  9.  Backup  Battery  Monitor  with  Optional  Test  Load 


Watchdog  Timer 

The  LTC690  family  provides  a  watchdog  timer  function  to 
monitor  the  activity  of  the  microprocessor.  If  the  micro- 
processor does  not  toggle  the  Watchdog  Input  (WDI) 
within  a  seleced  time-out  period,  RESET  is  forced  to  active 
low  for  a  minimum  of  35msforthe  LTC690/1  (140ms  for 
the  LTC694/5).  The  reset  active  time  is  adjustable  on  the 
LTC691/5.  Since  many  systems  can  not  service  the  watch- 
dog timer  immediately  after  a  reset,  the  LTC691  and 
LTC695  have  longer  time-out  period  (1.0  second  mini- 
mum) right  after  a  reset  is  issued.  The  normal  time-out 
period  (70ms  minimum)  becomes  effective  following  the 
first  transition  of  WDI  after  RESET  is  inactive.  The  watch- 
dog time-out  period  is  fixed  at  1.0  second  minimum  on  the 
LTC690  and  LTC694.  Figure  1 0  shows  the  timing  diagram 
of  watchdog  time-out  period  and  reset  active  time.  The 
watchdog  time-out  period  is  restarted  as  soon  as  RESET 
is  inactive.  When  either  a  high-to-low  or  low-to-high 
transition  occurs  at  the  WDI  pin  prior  to  time-out,  the 
watchdog  time  is  reset  and  begins  to  time  out  again.  To 
ensure  the  watchdog  time  does  not  time  out,  either  a  high- 
to-low  or  low-to-high  transition  on  the  WDI  pin  must 
occur  at  or  less  than  the  minimum  time-out  period.  If  the 
input  to  the  WDI  pin  remains  either  high  or  low,  reset 
pulses  will  be  issued  every  1.6  seconds  typically.  The 
watchdog  time  can  be  deactivated  by  floating  the  WDI  pin. 
The  timer  is  also  disabled  when ' 
voltage  threshold  or  Vbatt- 
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The  LTC691  and  LTC695  provide  an  additional  output 
(Watchdog  Output,  WDO)  which  goes  low  if  the  watchdog 
timer  is  allowed  to  time  out  and  remains  low  until  set  high 
by  the  next  transition  on  the  WDI  pin.  WDO  is  also  set  high 
when  Vcc  falls  below  the  reset  voltage  threshold  or  VBatt- 

The  LTC691  and  LTC695  have  two  additonal  pins  OSC  SEL 
and  OSC  IN,  which  allow  reset  active  time  and  watchdog 
time-out  period  to  be  adjusted  per  Table  2.  Several  con- 
figurations are  shown  in  Figure  11. 

OSC  IN  can  be  driven  by  an  external  clock  signal  or  an 
external  capacitor  can  be  connected  between  OSC  IN  and 


VCC  =  5V 
WDI   


GND  when  OSC  SEL  is  forced  low.  In  these  configurations, 
the  nominal  reset  active  time  and  watchdog  time-out 
period  are  determined  by  the  number  of  clocks  or  set  by 
the  formula  in  Table  2.  When  OSC  SEL  is  high  or  floating, 
the  internal  oscillator  is  enabled  and  the  reset  active  time 
is  fixed  at  35ms  minimum  for  the  LTC691  and  140ms 
minimum  for  the  LTC695.  OSC  IN  selectes  between  the  1 
second  and  70ms  minimum  normal  watchdog  time-out 
periods.  In  both  cases,  the  time-out  period  immediately 
after  a  reset  is  at  least  1  second. 


t1  =  RESET  ACTIVE  TIME 
t2  =  NORMAL  WATCHDOG  TIME-OUT  PERIOD 
t3  =  WATCHDOG  TIME-OUT  PERIOD  IMMEDIATELY 
AFTER  A  RESET 


Figure  10.  Watchdog  Time-out  Period  and  Reset  Active  Time 


EXTERNAL  CLOCK 


OSC  SEL 

LTC691 

LTC695 

GND 

OSC  IN 

-UTJLj 


EXTERNAL  OSCILLATOR 


OSC  SEL 


LTC691 
LTC69S 


GND         OSC IN 


INTERNAL  OSCILLATOR 
1.6  SECOND  WATCHDOG 


VCC        OSC  SEL 


LTC691 
LTC695 


8_  FLOATING 
OR  HIGH 


FLOATING 
OR  HIGH 


INTERNAL  OSCILLATOR 
100ms  WATCHDOG 


Vcc        OSC  SEL 


LTC691 
LTC695 


8  FLOATING 
OR  HIGH 


Figure  11 .  Oscillator  Conligurations 
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Table  2.  LTC691  and  LTC695  Reset  Active  Time  and  Watchdog  Time-out  Selections 


OSCSEL 

OSCIN 

WATCHDOG  TIME-OUT  PERIOD 

RESET  ACTIVE  TIME 

NORMAL 

(Short  Period) 

IMMEDIATELY 
AFTER  RESET 
(Long  Period) 

LTC691 

LTC69S 

Low 

Low 

Floating  or  High 
Floating  or  High 

External  Clock  Input 

External  Capacitor* 

Low 
Floating  or  High 

1024  elks 
400ms 
47pF  C 

100ms 
1 .6  sec 

4096  elks 

1 .6  sec  . 
47pF  xC 

1.6  sec 
1 .6  sec 

512  elks 
200ms  . 
47pF  C 

50ms 
50ms 

2048  elks 
800ms 
47pF  C 

200ms 
200ms 

*The  nominal  internal  frequency  is  10.24kHz.  The  nominal  oscillator  frequency  with  external  capacitor  is  Fqsc  (Hz) 


184,000 
:  C(pF) 
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Capacitor  Backup  with  74HC4016  Switch 


R1 
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Write  Protect  for  Additional  RAMs 
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CEOUT 
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0.1nF 


0.1gF 
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cc 

62512 
RAM. 
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OPTIONAL  CONNECTION  FOR 
ADDITIONAL  RAMs 
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Guaranteed  Reset  Assertion  at  VCc : 
1.5mA  Maximum  Supply  Current 
SO-8  Packaging 

4.65V  Precision  Voltage  Monitor 
Power  OK/Reset  Time  Delay:  200ms 
Minimum  External  Component  Count 
Performance  Specified  Over  Temperature 
Superior  Upgrade  for  MAX699 


flppucOTions 

■  Critical  pP  Power  Monitoring 

■  Intelligent  Instruments 

■  Computers  and  Controllers 

■  Automotive  Systems 


LTC699 


Microprocessor 
Supervisory  Circuit 


D€SCRIPTIOn 

The  LTC699  provides  power  supply  monitoring  for 
microprocessor-based  systems.  The  features  include  mi- 
croprocessor reset  and  watchdog  timing.  Precise  internal 
voltage  reference  and  comparator  circuit  monitor  the 
power  supply  line.  When  an  out-of-tolerance  condition 
occurs,  the  RESET  output  is  forced  to  active  low.  In 
addition,  the  RESET  output  is  guaranteed  to  remain  logic 
low  even  with  Vcc  as  low  as  1 V. 

An  internal  watchdog  timer  is  also  available,  which  forces 
the  RESET  output  to  active  low  when  the  watchdog  input 
is  not  toggled  prior  to  the  time-out  period  of  1 .6  seconds. 

The  LTC699  is  offered  in  DIPand  surface  mount  packages. 


TYPicni  nppucmion  block  DinGnnm 


MICROPROCESSOR  RESET  AND  WATCHDOG  TIMING  IN 
A  SINGLE  CHIP  FOR  MICROPROCESSOR  SYSTEMS 
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(Notes  1  and  2) 


Terminal  Voltage 

Vcc   -0.3V  to  6.0V 

WDI  Input   -0.3V  to  Vcc  +  0.3V 

RESET  Output  -0.3V  to  6V 

Power  Dissipation   500mW 

Operating  Temperature  Range 

LTC699C  0°C  to  70°C 

LTC699I  -40°C  to  85°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


TOP  VIEW 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


TOP  VIEW 


LTC699 


T]  GND 
T\  RESET 
T\  WDI 
T]  NC 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LTC699CN8 
LTC699IN8 


LTC699CS8 
LTC699IS8 


S8  PART  MARKING 


699I 


€l€CTRICRl  CHRRRCT€RISTICS  Vcc  =  +5V,  TA  =  25  C.  unless  otherwise  noted. 


PARAMETER 

CONDITONS 

MIN 

TYP 

MAX 

UNITS 

Operating  Voltage  Range 

• 

3.0 

5.5 

V 

Supply  Current 

• 

0.6 
0.6 

1.5 
2.5 

mA 

Power  Down  Reset  Assertion 

• 

4.5 

4.65 

4.75 

V 

Power  Up  Reset  De-Assertion 

• 

4.75 

V 

Reset  Threshold  Hysteresis 

40 

mV 

Reset  Active  Time 

160 

200 

240 

ms 

• 

140 

200 

280 

Watchdog  Time-out  Period 

• 

1.2 
1.0 

1.6 

1.6 

2.0 
2.25 

sec 

Reset  Active  Time  PSRR 

1 

ms/V 

Watchdog  Time-out  Period  PSRR 

8 

ms/V 

Minimum  WDI  Input  Pulse  Width 

V|L  =  0.4,  VV|H  =  3.5V 

• 

200 

ns 

RESET  output  Voltage  at  Vcc  =  1 V  (Note  3) 

IS|Nk  =  10mA  VCC  =  1V 

4 

200 

mV 

RESET  output  Voltage 

lS|NK  =  1.6mA,  Vcc  =  4.25V 

0.4 

V 

RESET  Output  Short  Circuit  Current 

Output  Sink  Current 

25 

mA 

WDI  Input  Threshold 

Logic  Low 
Logic  High 

2.0 

0.8 

V 

WDI  Input  Current 

WDI  =  V0UT 
WDI  =  0V 

• 
• 

-50 

4 

-8 

50 

HA 

The  •  denotes  specifications  which  apply  over  the  operating  temperature  Note  2:  All  voltage  values  are  with  respect  to  GND. 
ranQe-  Note  3:  RESET  is  active  low,  open  drain  output. 

Note  1:  Absolute  maximum  ratings  are  those  values  beyond  which  the  life 
of  device  may  be  impaired. 
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Vcc:  +5V  supply  input.  The  Vcc  pin  should  be  bypassed 
with  a  0.1  pF  capacitor. 

GND:  Ground  pin. 

RESET:  Open  drain  output  for  nP  reset  control.  When  Vcc 
falls  below  the  reset  voltage  threshold  (4.65V  typically), 
RESET  goes  active  low.  After  Vcc  returns  to  5V,  the  reset 
pulse  generator  forces  RESET  to  remain  active  low  for  a 
minimum  of  1 40ms .  When  the  watchdog  timer  is  enabled 


but  not  serviced  prior  to  the  time-out  period,  the  reset 
pulse  generatoralso  forces  RESET  to  active  lowfora  mini- 
mum of  140ms  for  every  time-out  period  (see  Figure  2). 

WDI:  Watchdog  Input,  WDI,  is  a  three  level  input.  Driving 
WDI  either  high  or  low  for  longer  than  the  watchdog  time- 
out period  forces  RESET  low.  Floating  WDI  disables  the 
Watchdog  Timer.  The  timer  resets  itself  with  each  transition 
of  the  Watchdog  Input  (see  Figure  2). 


TYPICAL  P€RFORfTinnC€  CHARRCT€RISTICS 


RESET  Output  Voltage  vs  Reset  Active  Time  vs  Reset  Voltage  Threshold  vs 

Supply  Voltage  Temperature  Temperature 


LTMMGOt  LTCS99QOT  LTC899  G03 


nppucRTions  inFORmnnon 

Microprocessor  Reset 

The  LTC699  uses  a  bandgap  voltage  reference  and  a 
precision  voltage  comparator  C1  to  monitor  the  5V  supply 
input  Vcc  (see  BLOCK  DIAGRAM).  When  Vcc  falls  below 
the  reset  voltage  threshold,  the  RESET  output  is  forced  to 
active  low  state.  The  reset  voltage  threshold  accounts  for 
a  5%  variation  on  Vcc,  so  the  RESET  output  becomes 
active  low  when  Vcc fa||s  below  4.65V  typical.  On  power- 
up,  the  RESET  signal  is  held  active  low  for  a  minimum  of 
1 40ms  after  reset  voltage  threshold  is  reached  to  allow  the 
power  supply  and  microprocessor  to  stabilize.  On  power- 


down,  the  RESET  signal  remains  active  low  even  with  Vcc 
as  low  as  1 V.  This  capability  helps  hold  the  microproces- 
sor in  stable  shutdown  condition.  Figure  1  shows  the 
timing  diagram  of  the  RESET  signal. 

The  precision  voltage  comparator,  C1 ,  typically  has  40mV 
of  hysteresis  which  ensures  that  glitches  at  Vcc  Pin  do  not 
activate  the  RESET  output.  Response  time  is  typically 
1 0ps.  To  help  prevent  mistriggering  due  to  transient  loads, 
VCc  pin  should  be  bypassed  with  a  0. 1  pF  capacitor  with  the 
leads  trimmed  as  short  as  possible. 
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nppucOTions  inFOftmmion 

vf 


V1  =  RESET  VOLTAGE  THRESHOLD 
V2  =  RESET  VOLTAGE  THRESHOLD  + 
RESET  THRESHOLD  HYSTERESIS 


t1  =  RESET  ACTIVE  TIME 

Figure  1.  Reset  Active  Time 


Watchdog  Timer 

The  LTC699  provides  a  watchdog  timer  function  to  moni- 
tor the  activity  of  the  microprocessor.  If  the  microproces- 
sor does  not  toggle  the  Watchdog  Input  (WDI)  within  the 
time-out  period,  RESET  is  forced  to  active  low  for  a 
minimum  of  140ms.  The  watchdog  time-out  period  is 
fixed  at  a  1 .0  second  minimum  on  the  LTC699,  which  is 
adequate  time  for  most  systems  to  service  the  watchdog 
timer  immediately  after  a  reset.  Figure  2  shows  the  timing 
diagram  of  watchdog  time-out  period  and  reset  active 
time.  The  watchdog  time-out  period  is  restarted  as  soon 

Vcc  =  5V  


as  RESET  is  inactive.  When  either  a  high-to-low  or  low-to- 
high  transition  occurs  at  the  WDI  pin  prior  to  time-out,  the 
watchdog  time  is  reset  and  begins  to  time  out  again.  To 
ensure  the  watchdog  time  does  not  time  out,  either  a  high- 
to-low  or  low-to-high  transition  on  the  WDI  pin  must 
occur  at  or  less  than  the  minimum  time-out  period.  If  the 
input  to  the  WDI  pin  remains  either  high  or  low,  reset 
pulses  will  be  issued  every  1.6  seconds  typically.  The 
watchdog  time  can  be  deactivated  by  floating  the  WDI  pin. 
The  timer  is  also  disabled  when  Vcc  falls  below  the  reset 
voltage  threshold. 


RESET 


 t2  

—  M  — 

t1  =  RESET  ACTIVE  TIME 

12  =  WATCHDOG  TIME-OUT  PERIOD 


Figure  2.  Watchdog  Time-Out  Period  and  Reset  Active  Time 


X7TJEKK 
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F€flTUR€S 


■  Guaranteed  Reset  Assertion  at  Vcc 

■  8-Pin  SOIC  Plastic  Package 

■  2.0mA  Maximum  Supply  Current 

■  4.62V/4.37V  Precision  Voltage  Monitor 

■  Power  OK/Reset  Time  Delay:  600ms 

■  Minimum  External  Component  Count 

■  Superior  Upgrade  for  DS1 232 

nppucfflions 

■  Critical  u.P  Power  Monitoring 

■  Intelligent  Instruments 

■  Computers  and  Controllers 

■  Automotive  Systems 


 LTC1232 

Microprocessor 
Supervisory  Circuit 

DCSCMPTIOn 

The  LTC1232  provides  power  supply  monitoring,  watch- 
dog timing  and  external  reset  for  microprocessor  sys- 
tems. A  precise  internal  voltage  reference  and  comparator 
circuit  monitor  the  power  supply  line.  When  an  out-of- 
tolerance  condition  occurs,  the  reset  outputs  are  forced  to 
active  states.  The  RSToutput  is  guaranteed  to  remain  logic 
low  even  with  VCc  as  low  as  1V. 

The  LTC1 232  has  an  internal  watchdog  timer  which  forces 
the  reset  outputs  to  active  states  when  the  Strobe  input  is 
not  forced  low  prior  to  a  preset  time-out  period.  The 
watchdog  timing  can  be  set  to  operate  on  time-out  periods 
of  typically  1 50ms,  600ms  or  1 .2  seconds. 

The  LTC1232  performs  push-button  reset  control.  The 
LTC1232  debounces  the  push-button  input  and  guaran- 
tees an  active  reset  pulse  width  of  250ms  minimum. 
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rrsolutc  mnximum  RRTinos 

(Notes  1  and  2) 

Terminal  Voltage 

Vcc  ™«.  -0.3V  to  7.0V 

ST  and  RST  -0.3V  to  7.0V 

All  Other  Inputs  and  Outputs  -0.3V  to  Vcc  +  0.3V 

Power  Dissipation  500mW 

Operating  Temperature  Range 

LTC1232C  0°Cto  70°C 

LTC1232I  -40°C  to  85°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  IflfORfTlflTIOn 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 

LTCIM2-POI01 


TOP  VIEW 


PB  RST  [7 
TD  fj 
TOL  [T 

gnd  Lq_ 


II  Vcc 

3  ST 
T]  RST 
^  RST 


S8  PACKAGE 
8-LEAO  PLASTIC  SOIC 

LTCt232-F 


ORDER  PART 
NUMBER 


LTC1232CN8 
2IN8 


LTC1232CS8 
LTC1232IS8 


S8  PART  MARKING 


1232 
12321 


PRODUCT  S€L€CTIOn  GUIDC 


Pins 

Reset 

Watchdog 
Timer 

Battery 
Backup 

Power 
Fail 
Warning 

RAM 

Write 
Protect 

Push-Button 
Reset 

Conditional 
Battery 
Backup 

LTC1232 

8 

X 

X 

X 

LTC690 

8 

X 

X 

X 

X 

LTC691 

16 

X 

X 

X 

X 

X 

LTC694 

8 

X 

X 

X 

X 

LTC695 

16 

X 

X 

X 

X 

X 

LTC699 

8 

X 

X 

LTC1235 

16 

X 

X 

X 

X 

X 

X 

X 

XTUB§$ 
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OPCRRIMG  COnDITIOnS  VCC  =  Full  Operating  Range 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vcc 

Supply  Voltage 

• 

4.5 

5.0 

5.5 

V 

V|H 

ST  and  PB  RST  Input  High  Level 

• 

2.0 

Vcc+0.3 

V 

V|L 

ST  and  PB  RST  Input  Low  Level 

• 

-0.3 

0.8 

V 

DC  €l€CTRICfll  CHRRRCT€RISTKSVcc  =  Full  Operating  Range 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

hL 

Input  Leakage 

(Note  3) 

-1.0 

1.0 

HA 

■oh 

Output  Current  at  2.4V 

(Note  5) 

-1.0 

-13.0 

mA 

l0L 

Output  Current  at  0.4V 

(Note  5) 

2.0 

6.0 

mA 

Ice 

Supply  Current 

(Note  4) 

0.5 

2.0 

mA 

VCCTP 

VCc  Trip  Point 

TOL  =  GND 

4.50 

4.62 

4.74 

V 

VCCTP 

Vcc  Trip  Point 

TOL  =  Vcc 

4.25 

4.37 

4.49 

V 

Vhys 

Vcc  Trip  Point  Hysteresis 

40 

mV 

Vrst 

RST  Output  Voltage  at  Vcc  =  1V 

Isink  =  10(jA 

4 

200 

mV 

RC  CHRRRCTCRISTICS  VCC  =  Full  Operating  Range 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpB 

PB  RST  =  V|L 

40 

ms 

tRST 

RESET  Active  Time 

250 

610 

1000 

ms 

tST 

ST  Pulse  Width 

20 

ns 

tRPC 

VCc  Detect  to  RST  and  RST 

100 

ns 

tf 

Vcc  Slew  Rate  4.75V-4.25V 

300 

us 

tRPU 

VCc  Detect  to  RST  and  RST 
(Reset  Active  Time) 

tR  =  5^s 

250 

610 

1000 

ms 

tR 

Vcc  Slew  Rate  4.25V-4.75V 

0 

ns 

tTD 

ST  Pin  Detect  to  RST  and  RST 
(Watchdog  Time-Out  Period) 

TD  =  GND 
TD  =  Floating 
TD  =  VCC 

60 

250 

500 

150 
610 
1200 

250 

1000 

2000 

ms 
ms 
ms 

C|N 

Input  Capacitance 

5 

PF 

CfJUT 

Output  Capacitance 

5 

PF 

The  •  indicates  specifications  which  apply  over  the  full  operating  Note  3:  The  PB  RST  pin  is  internally  pulled  up  to  Vcc  with  an  internal 

temperature.  impedance  of  10k  typical.  The  TD  pin  has  internal  bias  current. 

Note  1 :  Absolute  maximum  ratings  are  those  values  beyond  which  the  life  Note  4:  Measured  with  outputs  open. 

of  a  device  may  be  impaired.  Hote  5:  The  rst  pjn  is  an  open  drain  output 

Note  2:  All  voltage  values  are  with  respect  to  GND. 
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Timino  DinGRnms 

Push-Button  Reset 


PB  RST 


_tPB  " 


RST 
RST 


V|L 


Strobe  Input 


X 


Vcc 

RST  ■ 
RST  ■ 


vCc 

RST  ■ 
RST  ■ 


Power  Down 


4.25V- 1 L 


-•rpd- 


Power 


4.75V 
.25V 


^RPU- 


V0H 

Vol 


up 


LTC123Z.T003 


LTCi;32-TD04 


DinGRnm 


OSC 


PB  RST  


ST- 


LEVEL  SENSE 

AND 
DEBOUNCE 


LEVEL  SENSE 


TIME-OUT 
SELECTION 


5%,  10% 
SWITCH 

-i 
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TYPICAL  P€RFORmnnC€  CHRRRCTCRISTICS 


4.63 

4.62 

£4.61 

i- 

z 

I  4.60 
t- 

^4.59 
4.58 

4.57 


Vcc  Trip  Point  vs  Temperature 


TOL 

=  GN 

) 

-50    -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 


4.38 

4.37 

S  4.36 

z 

o 

t  "  35 

B4.34 

4.33 


Vcc  Trip  Point  vs  Temperature 


4.32 


TO 

-50    -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 


Reset  Active  Time  vs 
Temperature 


672 

I 

Z  648 
5 

I  624 
o 

I  600 
576 
552 


C  =  5V 

-50    -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 


Time-Out  Period  vs  Temperature 


648 

624 


I     I  I 

VCC  =  5V 

TD  =  NO  CONNECTION 

-50    -25      0      25     50     75     100  125 
TEMPERATURE  (°C) 


RST  Output  Voltage  vs 
Supply  Voltage 


_.  4 


s  3 
§ 

&  2 


TA=25°C 

EXTERNAL  PULL-UP  =  10nA 


\A 


0         1  2  3         4  5 

SUPPLY  VOLTAGE  (V) 


pin  Funcnons 

Vcc:  +5V  supply  input.  The  VCc  pin  should  be  bypassed 
with  a  0.1(xF  capacitor. 

GND:  Ground  pin. 


PB  RST:  Logic  input  to  be  directly  connected  to  a  push- 
button. The  PB  RST  input  requires  an  active  low  signal 
which  is  debounced  and  timed  for  a  minimum  of  40ms. 
When  this  condition  is  satisfied,  the  reset  pulse  generator 
forces  the  reset  outputs  to  active  states.  The  reset  outputs 
remain  in  active  states  for  a  minimum  of  250ms  after 
PB  RST  is  released  from  logic  low  level. 


TOL:  Input  to  select  5%  or  10%  variation  on  Vcc-  When 
TOL  is  connected  to  GND,  the  reset  pulse  generator  forces 
the  reset  outputs  to  active  states  as  Vcc  falls  below  4.75V 
(4.62V  typical).  When  TOL  is  connected  to  Vcc,  the  reset 
pulse  generator  forces  the  reset  outputs  to  active  states  as 
Vcc  falls  below  4.5V  (4.37V  typical). 

TD:  Time-out  Delay,  TD  is  a  three  level  input  to  select  three 
different  time-out  periods.  The  time-out  period  is  set  by  the 
TD  input  to  be  150ms  with  TD  connected  to  GND,  600ms 
with  TD  left  floating,  and  1 .2  seconds  with  TD  connected 
to  Vcc. 


9-26 


LTC1232 


pin  Funcnons 

RST:  Open  drain  logic  output  for  u.P  reset  control.  The 
LTC1 232  provides  three  ways  to  generate  u.P  reset.  First, 
when  Vcc  falls  below  Vcc  trippoint  (4.75V  with  TOL = GND 
and  4.5V  with  TOL  =  Vcc),  RST  goes  active  low.  After  VCc 
returns  to  5V,  the  reset  pulse  generator  forces  RST  to 
remain  active  low  for  a  minimum  of  250ms.  Second,  when 
the  watchdog  timer  is  not  serviced  prior  to  a  selected  time- 
out  period,  the  reset  pulse  generator  also  forces  RST  to 
active  low  for  a  minimum  of  250ms  and  repeats  for  every 
time-out  period.  Third  and  the  last,  when  the  PB  RST  pin 
stays  active  low  for  a  minimum  of  40ms,  RST  becomes 
active  low.  The  RST  output  will  remain  active  low  for  a 


minimum  of  250ms  from  the  moment  the  push-button 
reset  input  is  released  from  logic  low  level. 

RST:  RST  is  an  active  high  logic  output.  It  is  the  inverse  of 
RST. 

ST:  Logic  input  to  reset  the  watchdog  timer.  Driving  ST 
either  high  or  low  longer  than  the  time-out  period  set  by 
the  TD  input,  forces  the  reset  outputs  to  active  states  for 
a  minimum  of  250ms.  The  timer  resets  itself  and  beginsto 
time-out  again  with  each  high  to  low  transition  on  the  ST 
input  (see  Figure  2). 


npPLicnnons  inFORmnnon 

Power  Monitoring 

The  LTC1232  uses  a  bandgap  voltage  reference  and  a 
precision  voltage  comparator,  C1,  to  monitor  the  5V 
supply  input  on  VCc  (see  BLOCK  DIAGRAM).  When  Vcc 
falls  below  the  Vcc  trip  point  (4.62V  typical  with  TOL  = 
GND  and  4.37V  typical  with  TOL  =  VCc),  the  reset  outputs 
are  forced  to  active  states.  The  Vcc  triP  P°int  accounts  for 
a  5%  or  10%  variation  on  Vcc,  so  the  reset  outputs 
become  active  when  Vcc  falls  below  the  Vcc  trip  point.  On 
power-up,  the  reset  signals  are  held  in  active  states  for  a 
minimum  of  250ms  after  the  Vcc  trip  P°int  is  reached  to 
allow  the  power  supply  and  microprocessor  to  stabilize. 
On  power-down,  the  RST  signal  remains  active  low  even 
with  VCc  as  low  as  1V.  This  capability  helps  hold  the 


microprocessor  in  stable  shutdown  condition.  Figure  1 
shows  the  timing  diagram  of  the  RST  signal. 

The  precision  voltage  comparator,  C1 ,  typically  has  40mV 
of  hysteresis  which  ensures  that  glitches  at  Vcc  pin  do  not 
activate  the  reset  outputs.  Response  time  is  typically 
1 0u.s.  To  help  prevent  mitriggering  due  to  transient  loads, 
VCc  Pin  should  be  bypassed  with  a  0.1  u.F  capacitor  with 
the  leads  trimmed  as  short  as  possible. 

Push-Button  Reset 

The  LTC1 232  provides  a  logic  input  pin,  PB  RST,  for  direct 
connection  to  a  push-button.  This  push-button  reset  input 
requires  an  active  low  signal.  Internally,  this  input  signal 
is  debounced  and  timed  for  a  minimum  of  40ms.  When 


V2=  Vcc  TRIP  POINT  tVHVS 
11=  RESET  ACTIVE  TIME 


Figure  1.  Reset  Active  Time 
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nppucOTions  inFORmnTion 

this  condition  is  satisfied,  the  reset  pulse  generator  forces 
the  reset  outputs  to  active  states.  The  reset  signals  will 
remain  active  for  a  minimum  of  250ms  from  the  moment 
the  push-button  reset  input  is  released  from  logic  low  level 
(see  TIMING  DIAGRAM). 

Watchdog  Timer 

The  LTC1232  provides  a  watchdog  timer  function  to 
monitor  the  activity  of  the  microprocessor.  If  the  micro- 
processor does  not  stimulate  the  strobe  input,  ST,  within 
a  selected  time-out  period,  the  reset  outputs  are  forced  to 
active  states  for  a  minimum  of  250ms.  The  time-out  period 
is  selected  by  the  Time-out  Delay  input,  TD,  to  be  150ms 
with  TD  connected  to  GND.  600ms  with  TD  left  floating, 
and  1 .2  seconds  with  TD  connected  to  VCc-  The  1 .2  second 
time-out  period  is  adequate  for  many  systems  to  serve  the 
watchdog  timer  immediately  after  a  reset.  Figure  2  shows 
the  timing  diagram  of  watchdog  time-out  period  and  reset 
active  time.  The  watchdog  time-out  period  is  restarted  as 


ST 


h-n-H  h—  e  »|«ti-»4« — 12 — «-f«-ti-H 


RST 


t1  =  RESET  ACTIVE  TIME 

12  =  WATCHDOG  TIME-OUT  PERIOD 


Figure  2.  Watchdog  Time-Out  Period  and  Reset  Active  Time 

soon  as  the  reset  outputs  arejnactive.  When  a  high-to-low 
transition  occurs  at  the  ST  pin  prior  to  time-out,  the 
watchdog  time  is  reset  and  begins  to  time-out  again.  To 
ensure  the  watchdogjime  does  not  time-out,  a  high-to- 
low  transition  on  the  ST  pin  must  occur  at  or  less  than  the 
minimum  time-out  period.  If  the  input  to  the  ST  pin 
remains  either  high  or  low,  reset  pulses  will  be  issued  for 
every  time-out  period  selected  by  the  TD  pin.  The  watch- 
dog timer  is  disabled  when  VCc  falls  below  the  VCc  trip 
point. 
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 LTC1235 

Microprocessor 
Supervisory  Circuit 


F€flTUR€S 

■  Guaranteed  Reset  Assertion  at  Vcc  =  1 V 

■  1.5mA  Maximum  Supply  Current 

■  Fast  (35ns  Max.)  Onboard  Gating  of  RAM  Chip 
Enable  Signals 

■  Conditional  Battery  Backup  Extends  Battery  Life 

■  4.65V  Precision  Voltage  Monitor 

■  Power  OK/Reset  Time  Delay:  200ms 

■  External  Reset  Control 

■  Minimum  External  Component  Count 

■  1(jA  Maximum  Standby  Current 

■  Voltage  Monitor  for  Power  Fail  or  Low  Battery 
Warning 

■  Thermal  Limiting 

■  Performance  Specified  Over  Temperature 

■  All  the  LTC695  Features  Plus  Conditional  Battery 
Backup  and  External  Reset  Control 


nppucfflions 

■  Critical  nP  Power  Monitoring 

■  Intelligent  Instruments 

■  Battery-Powered  Computers  and  Controllers 

■  Automotive  Systems 


D€SCRIPTIOn 

The  LTC1235  provides  complete  power  supply  monitoring 
and  battery  control  functions  for  microprocessor  reset, 
battery  backup,  RAM  write  protection,  powerfailure  warning 
and  watchdog  timing.  The  LTC1235  has  all  the  LTC695 
features  plus  conditional  battery  backup  and  external  reset 
control.  When  an  out-of-tolerance  power  supply  condition 
occurs,  the  reset  outputs  are  forced  to  active  states  and  the 
Chip  Enable  output  write-protects  external  memory.  The 
RESET  output  is  guaranteed  to  remain  logic  low  with  VCc  as 
low  as  1 V.  External  reset  control  is  provided  by  a  debounced 
push-button  reset  input. 

The  LTC1235  powers  the  active  CMOS  RAMs  with  a  charge 
pumped  NMOS  power  switch  to  achieve  low  dropout  and 
low  supply  current.  When  primary  power  is  lost,  auxiliary 
power,  connected  to  the  battery  input  pin,  provides  backup 
power  to  the  RAMs.  The  LTC1 235  can  be  programmed  by  a 
jiP  signal  to  either  back  up  the  RAMs  or  not.  This  extends  the 
battery  life  in  situations  where  RAM  data  need  not  always  be 
saved  when  power  goes  down. 

Foran  early  warning  of  impending  powerfailure,theLTC1 235 
provides  an  internal  comparator  with  a  user-defined  thresh- 
old. An  internal  watchdog  timer  is  also  available,  which 
forces  the  reset  pins  to  active  states  when  the  watchdog 
input  is  not  toggled  prior  to  the  time-out  period. 
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Terminal  Voltage 

Vcc  -0.3V  to  6.0V 

Vbatt  ■■  -0.3V  to  6.0V 

All  Other  Inputs  -0.3V  to  (Vcc  +  0.3V) 

Input  Current 

VCc   200mA 

VBatt  50mA 


V0uT  Output  Current  Short  Circuit  Protected 

Power  Dissipation   500mW 

Operating  Temperature  Range 

LTC1235C  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 
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Vcc  =  Full  Operating  Range,  VBatt  =  2.8V,  Backup  =  No  Connection,  TA  =  25  C.  unless  otherwise  noted. 


PARAMETER 

CONDEMNS 

MIN 

TYP 

MAX 

UNITS 

Battery  Backup  Switching 

Operating  Voltage  Range 
Vcc 
Vbatt 

4.75 
2.00 

5.50 
4.25 

V 

"OUT  uuipui  voirage 

I  ^,  i  IT         i  rri  A 

'OUT  -  ,rT,rt 

• 

Vcc -0.05 
VCC-  0.1 

Vcc- 0.005 
Vcc -0.005 

w 

V 

Iout  -  5umA 

Vcc  "0.5 

Vcc  "0.25 

BACKUP  Input  Threshold 

Vcc  >  Reset  Voltage  Threshold 
Logic  Low 
Logic  High 

2.0 

0.8 

V 

BACKUP  Pullup  Current  (Note  4) 

3 

uA 

VouT  in  Battery  Backup  Mode  (Note  5) 

Iout  =  250mA,  Vcc  <  Vbatt 

Vbatt -0.1 

Vbatt -0.02 

V 

Vout  in  Battery  Saving  Mode  (Note  5) 

Vcc  <  Vbatt 

1MQ  Pulldown  on  Vout 

0 

V 

Vcc  Supply  Current  (excluding  I0ut) 

Iout  5  50mA 

• 

0.6 

0.6 

1.5 

2.5 

mA 

Battery  Supply  Current  in  Battery  Backup  Mode  and 
Battery  Saving  Mode  (Note  5) 

Vcc  =  OV,  Vbatt  =  2.8V 

• 

0.04 
0.04 

1 

5 

M* 

Battery  Standby  Current 
(+  =  Discharge,  -  =  Charge) 

5.5  >  VCc  >  Vbatt  +  0.2V 

• 

-0.1 
-1.0 

+0.02 
+0.10 

uA 

Battery  Switchover  Threshold 
Vcc  -  Vbatt 

Power  Up 
Power  Down 

70 
50 

mV 

Battery  Switchover  Hysteresis 

20 

mV 

BATT  ON  Output  Voltage  (Note  6) 

Isink  =  3.2mA 

0.4 

V 

BATT  ON  Output  Short  Circuit  Current  (Note  6) 

BATT  ON  =  Vout  Sink  Current 
BATT  ON  =  OV  Source  Current 

0.5 

35 
1 

25 

mA 

Push-Button  Reset 

PB  RST  Input  Threshold 

Logic  Low 
Logic  High 

2.0 

0.8 

V 

PB  RST  Input  Low  Time  (Notes  4,  7) 

40 

ms 

Reset  and  Watchdog  Timer 

Reset  Voltage  Threshold 

4.5 

4.65 

4.75 

V 

Reset  Threshold  Hysteresis 

40 

mV 

Reset  Active  Time 

VCc  =  5V 

160 
140 

200 
200 

240 
280 

ms 

Watchdog  Time-out  Period 

Vcc  =  5V 

1.2 
1.0 

1.6 
1.6 

2.00 
2.25 

sec 

Reset  Active  Time  PSRR 

1 

ms/V 

Watchdog  Time-out  Period  PSRR 

8 

ms/V 

Minimum  WDI  Input  Pulse  Width 

V|L  =  0.4V,  V|H  =  3.5V 

200 

ns 

RESET  Output  Voltage  At  Vcc  =  1 V 

Isink  =  10uA,  VCC  =  1V 

4 

200 

mV 

RESET  and  LOW  LINE  Output  Voltage 
(Note  6) 

Isink  =  1.6mA,  Vcc  =  4.25V 
Source  =  1mA,  Vcc  =  5V 

3.5 

0.4 

V 

J^-J  TECHNOLOGY 
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Vcc  =  Full  Operating  Range,  VBatt  =  2.8V.  Backup  =  No  Connection,  TA  =  25°C,  unless  otherwise  noted. 


PARAMETER 

CONDITONS 

MIN 

TYP 

MAX 

UNITS 

RESET  and  WDO  Output  Voltage 
(Note  6) 

■sink  =  1-6mA,  VCC  =  5V 
source  =  1mA,  Vcc  =  4.25V 

3.5 

0.4 

V 

RESET,  RESET,  WDO,  LOW  LINE 
Output  Short  Circuit  Current  (Note  6) 

Output  Source  Current 
Output  Sink  Current 

1 

3 

25 

25 

pA 
mA 

WOI  Input  Threshold 

Logic  Low 
Logic  High 

2.0 

0.8 

V 

WDI  Input  Current 

WDUVout 
WDI  =  OV 

• 
• 

-50 

4 

-8 

50 

uA 

Power  Fail  Detector 

PFI  Input  Threshold 

VCC  =  5V 

• 

1.25 

1.3 

1.35 

V 

PFI  Input  Threshold  PSRR 

0.3 

mV/V 

PFI  Input  Current 

±0.01 

±25 

nA 

PFO  Output  Voltage  (Note  6) 

Isink  =  3.2mA 
'SOURCE  =  1pA 

3.5 

0.4 

V 

PFO  Short  Circuit  Source  Current 
(Note  6) 

PFI  =  HIGH,  PFO  =  OV 
PFI  =  LOW,  PFO  =  VrjuT 

1 

3 

30 

25 

pA 
mA 

PFI  Comparator  Response  Time  (falling) 

AV|N  =  -20mV,VOD  =  15mV 

2 

MS 

PFI  Comparator  Response  Time  (rising) 
(Note  6) 

AV|N  =  20mV,VOD  =  15mV 
with  10kQ  Pullup 

40 
8 

ps 

Chip  Enable  Gating 

CE  IN  Threshold 

WlL 
VlH 

2.0 

0.8 

V 

CE  IN  Pullup  Current  (Note  4) 

3 

pA 

CE  OUT  Output  Voltage 

■sink  =  3.2mA 
'source  =  3.0mA 

lsOURCE  =  1pA,  VCc  =  0V 

Vout-1.50 
Vqut  "  0.05 

0.4 

V 

CE  Propagation  Delay 

VCC  =  5V,  CL  =  20pF 

• 

20 
20 

35 
45 

ns 

CE  OUT  Output  Short  Circuit  Current 

Output  Source  Current 
Output  Sink  Current 

30 
35 

mA 

The  •  denotes  specifications  which  apply  over  the  operating  temperature 
range. 

Note  1:  Absolute  maximum  ratings  are  those  values  beyond  which  the  life 

of  device  may  be  impaired. 

Note  2:  All  voltage  values  are  with  respect  to  GND. 

Note  3:  For  military  temperature  range  parts,  consult  the  factory. 

Note  4:  The  input  pins  of  PBRST,  BACKUP  and  CE  IN,  have  weak  internal 

pullups  which  pull  to  the  supply  when  the  input  pins  are  floating. 

Note  5:  The  LTC1 235  can  be  programmed  either  to  provide  or  not  to 

provide  battery  backup  power  to  the  Vout  pin  during  power  failure.  The 

power  down  condition  of  Vout  is  selected  by  the  logic  level  of  the 

BACKUP  pin  which  is  latched  internally  when  Vcc ,a||s  through  the  reset 

voltage  threshold.  If  the  latched  logic  level  of  the  BACKUP  pin  is  high, 


V0UT  will  be  in  Battery  Backup  Mode  and  will  be  switched  to  VBAn  when 
VCc  falls  below  VBatt.  If  the  latched  logic  level  of  the  BACKUP  pin  is  low, 
Vout  will  be  in  Battery  Saving  Mode  when  Vcc ,a|ls  Del°w  Vbatt. 
Note  6:  The  output  pins  of  BATT  ON,  LOW  LINE,  PFO,  WDO,  RESET  and 
RESET  have  weak  internal  pullups  of  typically  3nA.  However,  external 
pullup  resistors  may  be  used  when  higher  speed  is  required. 
Note  7:  The  push-button  reset  input  requires  an  active  low  signal. 
Internally,  this  input  signal  is  debounced  and  timed  for  a  minimum  of 
40ms.  When  this  condition  is  satisfied,  the  reset  outputs  go  to  the  active 
states.  The  reset  outputs  will  remain  in  active  states  for  a  minimum  of 
140ms  from  the  moment  the  push-button  reset  input  is  released  from 
logic  low  level. 
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Vcc:  +5V  supply  input.  The  Vcc  pin  should  be  bypassed 
with  a  0.1  jjF  capacitor. 

Backup:  Logic  input  to  control  the  PMOS  switch,  M2, 
when  VCc  is  lower  than  VBatt-  While  VCc  is  falling  through 
the  reset  voltage  threshold,  the  status  of  the  BACKUP  pin 
(logic  low  or  logic  high)  is  latched  in  Memory  Logic  and 
used  to  turn  on  or  off  M2  when  Vcc  is  below  Vbatt-  If  the 
latched  status  of  the  BACKUP  pin  is  high,  the  Memory 
Logic  turns  on  M2  when  VCc  falls  to  50mV  greater  than 
Vbatt-  If  the  latched  status  of  the  BACKUP  pin  is  low,  the 
Memory  Logic  keeps  M2  off  even  after  Vcc  falls  below 
Vbatt-  If  the  BACKUP  pin  is  left  floating  it  will  be  pulled  high 
by  an  internal  pullup  and  the  LTC1 235  will  provide  battery 
backup  when  VCc  falls. 

Vout:  Voltage  output  for  backed  up  memory.  Bypass  with 
a  capacitor  of  0.1  nF  or  greater.  During  normal  operation, 
Vout  obtains  power  from  VCc  through  an  NMOS  power 
switch,  M1 ,  which  can  deliver  up  to  50mAand  hasa  typical 
on  resistance  of  5Q.  When  Vcc  is  lower  than  Vbatt.  the 
status  of  the  BACKUP  pin  stored  in  Memory  Logic  controls 
M2.  If  the  status  is  high,  the  Memory  Logic  turns  on  M2 
and  Vout  is  internally  switched  to  VBatt  through  M2.  If  the 
status  is  low,  the  Memory  Logic  keeps  M2  off  and  Vout  is 
in  Battery  Saving  Mode.  If  Vqut  and  Vbatt  are  not  used, 
connect  V0ut  to  VCc- 

Vbatt:  Backup  battery  input.  When  Vcc  falls  below  Vbatt, 
the  status  of  the  BACKUP  pin  stored  in  the  Memory  Logic 
controls  M2.  If  the  status  is  high,  auxiliary  power,  connected 
to  Vbatt  is  delivered  to  V0ut  through  M2.  If  the  status  is 
low,  the  Memory  Logic  keeps  M2  off  and  V0ut  is  in  Battery 
Saving  Mode.  If  backup  battery  or  auxiliary  power  is  not 
used,  Vbatt  should  be  connected  to  GND. 
GND:  Ground  pin. 

BATT  ON:  Battery  on  logic  output  from  comparator  C2. 
BATT  ON  goes  low  when  Vout  is  internally  connected  to 
VCc-  The  output  typically  sinks  35mA  and  can  provide  base 
drive  for  an  external  PNP  transistor  to  increase  the  output 
current  above  the  50mA  rating  of  V0ut-  BATT  ON  goes 
high  when  Vcc  falls  below  VBAtt,  if  the  status  of  the 
BACKUP  pin  stored  in  Memory  Logic  is  high  and  Vqut  is 
switched  to  VBatt- 


PFI:  Power  Failure  Input.  PFI  is  the  noninverting  input  to 
the  Power  Fail  Comparator,  C3.  The  inverting  input  is 
internally  connected  to  a  1 .3V  reference.  The  Power  Failure 
Output  remains  high  when  PFI  is  above  1 .3V  and  goes  low 
when  PFI  is  below  1 .3V.  Connect  PFI  to  GND  or  V0ut  when 
C3  is  not  used. 

PFO:  Power  Failure  Output  from  C3.  PFO  remains  high 
when  PFI  is  above  1 ,3V  and  goes  low  when  PFI  is  below 
1.3V.  When  VCc  is  lower  than  Vbatt.  C3  is  shut  down  and 
PFO  is  forced  low. 

PB  RST:  Logic  input  for  direct  connection  to  a  push- 
button. The  push-button  reset  input  requires  an  active  low 
signal.  Internally,  this  input  signal  is  debounced  and  timed 
for  a  minimum  of  40ms.  When  this  condition  is  satisfied, 
the  reset  pulse  generator  forces  RESET  to  active  low.  The 
RESET  signal  will  remain  active  low  for  a  minimum  of 
140ms  from  the  moment  the  push-button  reset  input  is 
released  from  logic  low  level. 

RESET:  Logic  output  for  |uP  reset  control.  The  LTC1235 
provides  three  ways  to  generate  pP  reset.  First,  whenever 
VCc  falls  below  either  the  reset  voltage  threshold  (4.65V, 
typically)  or  Vbatt.  RESET  goes  active  low.  After  Vqc 
returns  to  5V,  the  reset  pulse  generator  forces  RESET  to 
remain  active  lowfor  a  minimum  of  140ms.  Second,  when 
the  watchdog  timer  is  enabled  but  not  serviced  prior  to  the 
time-out  period,  the  reset  pulse  generator  also  forces 
RESET  to  active  low  for  a  minimum  of  140ms  for  every 
time-out  period  (see  Figure  11).  Third,  when  the  PB  RST 
pin  stays  active  low  for  a  minimum  of  40ms,  RESET  is 
forced  low  by  reset  pulse  generator.  The  RESETsignal  will 
remain  active  low  for  a  minimum  of  140ms  from  the 
moment  the  push-button  reset  input  is  released  from  logic 
low  level. 

RESET:  RESET  is  an  active  high  logic  output.  It  is  the 
inverse  of  RESET. 

LOW  LINE:  Logic  output  from  comparator  C1 .  LOW  LINE 
indicates  a  low  line  condition  at  the  Vcc  input.  When  Vcc 
falls  below  the  reset  voltage  threshold  (4.65V  typically), 
LOW  LINE  goes  low.  As  soon  as  Vcc  rises  above  the  reset 
voltage  threshold,  LOW  LINE  returns  high  (see  Figure  1). 
LOW  LINE  goes  low  when  VCc  drops  below  VBAtt  (see 
Table  1). 
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WDI:  Watchdog  Input,  WDI,  is  a  three  level  input.  Driving 
WDI  either  high  or  low  forlongerthanthe  watchdog  time- 
out period,  forces  both  RESET  and  WDO  low.  Floating  WDI 
disables  the  Watchdog  Timer.  The  timerresets  itself  with 
each  transition  of  the  Watchdog  Input  (see  Figure  1 1 ). 

WDO:  Watchdog  logic  output.  When  the  watchdog  input 
remains  either  high  or  low  for  longer  than  the  watchdog 
time-out  period,  WDO  goes  low.  WDO  is  sethigh  whenever 
there  isatransition  on  the  WDI  pin,  or  LOW  LINE  goes  low. 
The  watchdog  timer  can  be  disabled  by  floating  WDI  (see 
Figure  11). 


CE  IN:  Logic  input  to  the  Chip  Enable  gating  circuit.  CE  IN 
can  be  derived  from  microprocessor's  address  line  and/or 
decoder  output.  See  Applications  Information  Section  and 
Figure  6  for  additional  information. 

CE  OUT:  Logic  output  from  the  Chip  Enable  gating  circuit. 
When  Vrjc  is  above  thereset  voltage  threshold,  CE  OUT  is 
a  buffered  replica  of_CE  IN.  When  Vcc  is  below  the  reset 
voltage  threshold  CE  OUT  is  forced  high  (see  Figure  6). 
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Power  Monitoring 

The  LTC1235  uses  a  bandgap  voltage  reference  and  a 
precision  voltage  comparator  C1  to  monitor  the  5V  supply 
input  on  Vcc  (see  BLOCK  DIAGRAM).  When  Vcc  fails 
below  the  reset  voltage  threshold,  the  reset  outputs  are 
forced  to  active  states.  The  reset  voltage  threshold  ac- 
counts for  a  5%  variation  on  Vcc, so  the  reset  outputs 
become  active  when  VCc falls  below4. 75V  (4.65V typical). 
On  power-up,  the  reset  signals  are  held  active  states  for  a 
minimum  of  140ms  after  the  reset  voltage  threshold  is 
reached  to  allow  the  power  supply  and  microprocessor  to 
stabilize.  On  power-down,  the  RESET  signal  remains  ac- 
tive low  even  with  Vcc  as  low  as  1  v-  This  capability  helps 
hold  the  microprocessor  in  stable  shutdown  condition. 
Figure  1  shows  the  timing  diagram  of  the  RESET  signal. 

The  precision  voltage  comparator,  C1 ,  typically  has  40mV 
of  hysteresis  which  ensures  that  glitches  at  Vcc  Pin  do  not 
activate  the  reset  outputs.  Response  time  is  typically  10ps. 


To  help  prevent  mistriggering  due  to  transient  loads,  Vcc 
pin  should  be  bypassed  with  a  0.1  pF  capacitor  with  the 
leads  trimmed  as  short  as  possible. 

LOW  LINE  is  the  output  of  the  precision  voltage  compara- 
tor C1.  When  Vcc  falls  below  the  reset  voltage  threshold, 
LOW  LINE  goes  low.  LOW  LINE  returns  high  as  soon  as 
Vcc rises  above  the  reset  voltage  threshold. 

Push-Button  Reset 

The  LTC1235  provides  an  logic  input  pin  for  direct 
connection  to  a  push-button.  The  push-button  reset  input, 
PB  RST,  requires  an  active  low  signal.  Internally,  this  input 
signal  is  debounced  and  timed  for  a  minimum  of  40ms. 
When  this  condition  is  satisfied,  the  reset  pulse  generator 
forces  the  reset  outputs  to  active  states.  The  reset  signals 
will  remain  in  active  states  for  a  minimum  of  140ms  from 
the  moment  the  push-button  reset  input  is  released  from 
logic  low  level  (Figure  2). 


RESET 


LOW  LINE 


V1  =  RESET  VOLTAGE  THRESHOLD 
V2  =  RESET  VOLTAGE  THRESHOLD  t 
RESET  THRESHOLD  HYSTERESIS 


t1  =  RESET  ACT! 


Figure  1.  Reset  Active  Time 


VCC-5V_ 
PB  RST 


LOGIC  LOt 


RESET 


RESET  ■ 


LOGIC 
HIGH" 


LOGIC  HIGH 
LOGIC  LOW  - 


X 


t1  =  PUSH-BUTTON  RESET  LOW  TIME 
t2  =  RESET  ACTIVE  TIME 


Figure  2.  Push-Button  Reset 
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Voltage  Output 

During  normal  operation,  the  LTC1235  uses  a  charge 
pumped  NMOS  power  switch  to  achieve  low  dropout  and 
low  supply  current.  This  power  switch  can  deliver  up  to 
50mA  to  Vout  from  Vcc  and  has  a  typical  on  resistance  of 
5Q.  The  Vout  pin  should  be  bypassed  with  a  capacitor  of 
0.1  (oF  or  greater  to  ensure  stability.  Use  of  a  larger  bypass 
capacitor  is  advantageous  for  supplying  current  to  heavy 
transient  loads. 

When  operating  currents  larger  than  50mA  are  required 
from  Vout,  or  a  lower  dropout  (Vcc  -  Vout  voltage  differ- 
ential) is  desired,  the  LTC1235  provides  BATT  ON  output 
to  drive  the  base  of  external  PNP  transistor  (Figure  3). 
Another  alternative  to  provide  higher  current  is  to  connect 
a  high  current  Schottky  diode  from  the  Vcc  Pin  to  the  Vout 
pin  to  supply  the  extra  current. 

ANY  PNP  POWER  TRANSISTOR 


O.IiiF; 


'JT 


BATT  ON 
Vcc  vOUT 

LTC1235 

Vbatt 


:  o.ipF 


Figure  3.  Using  BATT  ON  to  Drive  External  PNP  Transistor 

The  LTC1235  is  protected  for  safe  area  operation  with 
short  circuit  limit.  Output  current  is  limited  to  approxi- 
mately 200mA.  If  the  device  is  overloaded  for  a  long  period 
of  time,  thermal  shutdown  turns  the  power  switch  off  until 
the  device  cools  down.  The  threshold  temperature  for 
thermal  shutdown  is  approximately  155°C  with  about 
10°C  of  hysteresis  which  prevents  the  device  from  oscil- 
lating in  and  cut  of  shutdown. 

The  PNP  switch  was  not  chosen  for  the  internal  power 
switch  because  it  injects  unwanted  current  into  the  sub- 
strate. This  current  is  collected  by  the  Vbatt  Pin  in  com- 
petitive devices  and  adds  to  the  charging  current  of  the 
battery  which  can  damage  lithium  batteries.  LTC1235 


uses  a  charge  pumped  NMOS  power  switch  to  eliminate 
unwanted  charging  current  while  achieving  low  dropout 
and  low  supply  current.  Since  no  current  goes  to  the 
substrate,  the  current  collected  by  VBatt  pin  is  strictly 
junction  leakage. 

Conditional  Battery  Backup 

LTC1235  provides  an  unique  feature  to  either  allow  V0ut 
to  be  switched  to  VBATT  or  to  disable  the  CMOS  RAM 
battery  backup  function  when  primary  power  is  lost. 
Disabling  the  battery  backup  function  is  useful  in  conserv- 
ing the  backup  battery's  life  when  the  SRAM  doesn't  need 
battery  backup  during  long  term  storage  of  a  computer 
system,  or  delivery  of  the  computer  system  to  the  end 
user. 

The  BACKUP  pin  (Pin  8)  is  used  to  serve  this  feature  on 
power-down.  When  Vcc  is  falling  through  the  reset  voltage 
threshold,  the  status  of  the  BACKUP  pin  (logic  low  or  logic 
high)  is  stored  in  the  Memory  Logic  (see  BLOCK  DIA- 
GRAM). If  the  stored  status  is  logic  high  and  Vcc  fall  to 
50mV  greater  than  Vbatt,  a  125a  PMOS  switch,  M2, 
connects  the  Vbatt  input  to  VouTand  the  battery  switchover 
comparator,  C2,  shuts  off  the  NMOS  power  switch,  M1. 
M2  is  designed  for  very  low  dropout  voltage  (input-to- 
output  differential).  This  feature  is  advantageous  for  low 
current  applications  such  as  battery  backup  in  CMOS  RAM 
and  other  low  power  CMOS  circuitry,  if  the  stored  status 
is  logic  low  and  Vcc  falls  to  50mV  greater  than  VBAtt,  the 
Memory  Logic  keeps  M2  off  and  C2  shuts  off  M1 .  Vout  is 
in  Battery  Saving  Mode  (see  Figure  4).  The  supply  current 
in  both  mode  is  1juA  maximum. 

On  power-ups,  C2  keeps  M1  off  before  Vcc  reaches  70mV 
higher  than  Vbatt-  On  the  first  power-up  after  the  battery 
is  replaced  (with  power  off),  the  status  stored  in  the 
Memory  Logic  is  undetermined.  V0ut  could  be  either  in 
Battery  Backup  Mode  or  in  Battery  Saving  Mode.  When 
VCc  is  70mV  greaterthan  VBatt,  M1  connects  V0ut  to  VCc. 
C2  has  typically  20mV  of  hysteresis  to  prevent  spurious 
switching  when  VCc  remains  nearly  equal  to  Vbatt  and  the 
status  stored  in  the  Memory  Logic  is  high.  The  response 
time  of  C2  is  approximately  20ns. 
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BACKUP 


Vcc 


\ 


V0UT  IN  BATTERY  SAVING  MODE 
LOGIC  LOW 


Vbatt  \ 


RESET  VOLTAGE  THRESHOLD 


VouT  \ 


V0UT  IN  BATTERY  BACKUP  MODE 


y 


LOGIC 
HIGH 


Vcc 


Vbatt \ 


RESET  VOLTAGE  THRESHOLD 


VOUT 


Vout  =  vBAn 


Figure  4.  Conditional  Battery  Backup  Operation 

The  operating  voltage  at  the  Vbatt  Pin  ranges  from  2.0V  to 
4.25V.  High  value  capacitors,  such  as  electrolytic  or  farad- 
size  double  layer  capacitors,  can  be  used  for  short  term 
memory  backup  instead  of  a  battery.  For  capacitor  backup, 
see  Typical  Applications.  The  charging  resistor  for  re- 
charging rechargeable  batteries  should  be  connected  to 
Vout  through  a  diode  since  this  eliminates  the  discharge 
path  that  exists  when  Vcc  collapses  and  RAM  is  not  backed 
up  (Figure  5). 


■  Vout-V8att-Vd 

R 


-w.  14 


Figure  5.  Charging  External  Battery  Through  V0UT 


Replacing  the  Backup  Battery  with  Power  On 

When  changing  the  backup  battery  with  system  power  on, 
spurious  resets  can  occur  while  battery  is  removed  due  to 
battery  standby  current.  Although  battery  standby  current 
is  only  a  tiny  leakage  current,  it  can  still  charge  up  the  stray 
capacitance  on  the  Vbatt  pin.  The  oscillation  cycle  is  as 
follows:  When  VBatt  reaches  within  50mV  of  Vcc,  the 
LTC1235  switches  to  battery  backup  or  battery  saving 
mode.  In  either  case,  the  battery  supply  current  pulls 
Vbatt  low  and  the  device  goes  back  to  normal  operation. 
The  leakage  current  then  charges  up  the  Vbatt  pin  again 
and  the  cycle  repeats. 

If  spurious  resets  during  battery  replacement  pose  no 
problems,  then  no  action  is  required.  Otherwise,  two 
methods  can  be  used  to  eliminate  this  problem.  First,  a 
capacitor  from  Vbatt  to  GND  will  allow  time  for  battery 
replacement  by  slowing  the  charge  rate.  For  example,  the 
battery  standby  current  is  1pA  maximum  over  tempera- 
ture and  the  external  capacitor  required  to  slow  the  charge 
rate  is: 

CEXT^TREQD  77 — ^77  

I  vcc  ~  "batt 

where  Triq'd  is  the  maximum  time  required  to  replace  the 
backup  battery.  With  VCc  =  4.5V,  VBatt  =  3V  and  TREQ'D  = 
3  sec,  the  value  for  external  capacitor  is  2(aF.  Second,  a 
resistor  from  Vbatt  to  GND  will  hold  the  pin  low  while 
changing  the  battery.  For  example,  the  battery  standby 
current  is  1jiA  maximum  over  temperature  and  the  exter- 
nal resistor  required  to  hold  VBatt  below  Vcc  is: 

Vcc-50mV 
R"  1pA 

With  Vcc  =  4.5V,  a  4.3MQ  resistor  will  work.  With  a  3V 
battery,  this  resistor  will  draw  only  0.7|jAfrom  the  battery, 
which  is  negligible  in  most  cases. 

If  the  battery  connections  are  made  with  long  wires  or  PC 
traces,  inductive  spikes  can  be  generated  during  battery 
replacement.  Even  if  a  resistor  is  used  to  prevent  spurious 
resets  as  described  above,  these  spikes  can  take  the  Vbatt 
pin  below  GND  violating  the  LTC1 235  absolute  maximum 
ratings.  A  0.  VF  capacitor  from  Vbatt  to  GND  is  recom- 
mended to  eliminate  these  potential  spikes  when  battery 
replacement  is  made  through  long  wires. 
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Table  1  shows  the  state  of  each  pin  during  battery  backup. 
If  the  backup  battery  is  not  used,  connect  VBatt  to  GND 
and  Vout  to  VCc. 

Table  1.  Input  and  Output  Status  in  Battery  Backup  Mode 


SIGNAL 


Vcc 

BACKUP 

Vout 

Vbatt 

BATTON 

PFI 

PT6 

PBRST 

RESET 

RESET 


LOW  LINE 
WDI 
WBO 
CE  IN 
CEOUT 


STATUS 


C2  monitors  Vcc  for  active  switchover. 
BACKUP  is  ignored. 

Vout  is  connected  to  VBATT  through  an  internal  PMOS  switch. 

The  supply  current  is  1nA  maximum. 

Logic  high.  The  open  circuit  output  voltage  is  equal  to  Vout- 

Power  Failure  Input  is  ignored. 

Logic  low 


PB  RST  is  ignored. 
Logic  low 

Logic  high.  The  open  circuit  output  voltage  is  equal  to  V0ut- 
Logic  low 

Watchdog  Input  is  ignored. 

Logic  high.  The  open  circuit  output  voltage  is  equal  to  V0ut- 


Chip  Enable  Input  is  ignored. 

Logic  high.  The  open  circuit  output  voltage  is  equal  to  V0UT. 


Memory  Protection 

The  LTC1235  includes  memory  protection  circuitry  which 
ensures  the  integrity  of  the  data  in  memory  by  preventing 
write  operations  when  Vcc  is  at  invalid  level.  Two  pins,  CE 


IN  and  CE  OUT,  control  the  Chipjnable  or  Writejnputs  of 
CMOS  RAM.  When  Vcc  is  +5V,  CE  OUT  follows  CE  IN  with 
a  typical  propagation  delay  of  20ns.  When  VCc  falls  below 
the  reset  voltage  threshold_or  VBatt.  CE  OUT  is  forced 
high,  independents  CEIN.CE  OUT  is  an  alternative  signal 
to  drive  the  CE,  CS,  or  Write  input  of  battery-backed  up 
CMOS  RAM.  CE  OUT  can  also  be  used  to  drive  the  Store 
or  Write  input  of  an  EEPROM,  EAROM  or  NOVRAM  to 
achieve  similar  protection.  Figure  6  shows  the  timing 
diagram  of  CE  IN  and  CE  OUT. 

CE  IN  can  be  derived  from  the  microprocessor's  address 
decoder  output.  Figure  7  shows  a  typical  nonvolatile 
CMOS  RAM  application. 


Vcc  v0UT 

LTC1236 
CEOUT 

Vbatt  cein 

BACKUP 

62512 
RAM 

^GND 

+5V   -f— 

r 

T 

^  10„f          zjz  O.tllF 

<Z.  20ns  PROPAGATION  DELAY 
  FROM  DECODER 

"L 

± 

Figure  7.  A  Typical  Nonvolatile  CMOS  RAM  Application 


V1  =  RESET  VOLTAGE  THRESHOLD 
V2  =  RESET  VOLTAGE  THRESHOLD  + 
RESET  THRESHOLD  HYSTERESIS 


CE  OUT 


vout  =  vbatt 


Figure  6.  Timing  Diagram  for  CE  IN  and  CE  OUT 
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Power  Fail  Warning 

The  LTC1235  generates  a  Power  Failure  Output  (PFO)  for 
early  warning  of  failure  in  the  microprocessor's  power 
supply.  This  is  accomplished  by  comparing  the  Power 
Failure  Input  (PFI)  with  an  internal  1.3V  reference.  PFO 
goes  low  when  the  voltage  at  PFI  pin  is  less  than  1.3V. 
Typically  PFI  is  driven  by  an  external  voltage  divider  (R1 
and  R2  in  Figures  8  and  9)  which  senses  either  an 
unregulated  DC  input  ora  regulated  5V  output.  The  voltage 
divider  ratio  can  be  chosen  such  that  the  voltage  at  PFI  pin 
falls  below  1.3V  several  milliseconds  before  the  +5V 
supply  falls  below  the  maximum  reset  voltage  threshold 
4.75V.  PFO  is  normally  used  to  interruptthe  microproces- 
sor to  execute  shut-down  procedure  between  PFO  and 
RESET  or  RESET. 

The  power  fail  comparator,  C3,  does  not  have  hysteresis. 
Hysteresis  can  be  added  however,  by  connecting  a  resis- 
tor between  the  PFO  output  and  the  noninverting  PFI  input 
pin  as  shown  in  Figures  8  and  9.  The  upper  and  lower  trip 
points  in  the  comparator  are  established  as  follows: 

When  PFO  output  is  low,  R3  sinks  current  from  the 
summing  junction  at  the  PFI  pin. 


VH  =  1.3V|  1  + 


R1 

R2 


R1 

R3 


When  PFO  output  is  high,  the  series  combination  of  R3  and 
R4  source  current  into  the  PFI  summing  junction. 


VL  =  1.3  V 


"     R1  (5V-1.3V)R1 
+  R2    1.3V(R3  +  R4) 


Assuming  R4«R3,VHYSteresis  =5V 


R1 
R3 


Example  1 :  The  circuit  in  Figure  8  demonstrates  the  use  of 
the  power  fail  comparator  to  monitor  the  unregulated 
power  supply  input.  Assuming  the  the  rate  of  decay  of  the 
supply  input  V|n  is  1 0OmV/ms  and  the  total  time  to  execute 
a  shut-down  procedure  is  8ms.  Also  the  noise  of  Vin  is 
200mV.  With  these  assumptions  in  mind,  we  can  reason- 
ably set  Vl  =  7.5V  which  1.25V  greater  than  the  sum  of 
maximum  reset  voltage  threshold  and  the  dropout  voltage 
of  LT1086-5  (4.75V  +  1.5V)  and  VHYSteresis  =  850mV. 


R1 


Hysteresis  =  5V^  =  850mV 
R3  -  5.88  R1 


Choose  R3  =  300kQ  and  R1  =  51  kn.  Also  select  R4  = 
10k£2  which  is  much  smaller  than  R3. 


7.5V  =  1.3V 


1  + 


51  kQ  (5V-1.3V)51k£2l 


R2       l3V(31GkG)  J 

R2  =  9.7kQ,  Choose  nearest  5%  resistor  10k  and  recalcu- 
late VL, 

u  =i3vfl  +  jM-(5V-l3V)51tol  =  7  32V 
L     "■■  I     10k£2      1.3V(310kQ)  J  ' 


VH=1.3V|1  + 


51kfl  51k£2 


8.151V 


10kS2  300k£2, 

(7.32V -6. 25V)  .n;; 

v        ,„         =  1 0.7ms 

lOOmV/ms 

Vhysteresis  =  8.1 51V-  7.32V  =  831  mV 


Vm  >  7.5V 


R1  ■= 

51k 


LT1 086-5 
VIN  V0UT 


~k  1Wl|iF 
R3 

—  300k 

r-vw- 


R2 
10i 


0.1  pF 
R4 

10k  -± 


T 


'cc 

LTC1235 


PFO  BACKUP 

*!_§ 


TOuP 


Figure  8.  Monitoring  Unregulated  DC  Supply  with  the 
LTC123S  Power  Fail  Comparator 


Figure  9.  Monitoring  Regulated  DC  Supply  with  the  LTC1235 
Power  Fail  Comparator 
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The  10.7ms  allows  enough  time  to  execute  shut-down 
procedure  for  microprocessor  and  831  mV  of  hysteresis 
would  prevent  PFO  from  going  low  due  to  the  noise  of  \% 

Example  2:  The  circuit  in  Figure  9  can  be  used  to  measure 
the  regulated  5V  supply  to  provide  early  warning  of  power 
failure.  Because  of  variations  in  the  PFI  threshold,  this 
circuit  requires  adjustment  to  ensure  that  the  PFI  com- 
parator trips  before  the  reset  threshold  is  reached.  Adjust 
R5  such  that  the  PFO  output  goes  low  when  the  Vcc  supply 
reaches  the  desired  level  (e.g.,  4.85V). 

Monitoring  the  Status  of  the  Battery 

C3  can  also  monitor  the  status  ofjhe  memory  backup 
battery  (Figure  1 0).  If  desired,  the  CEOUT  can  be  used  to 
apply  a  test  load  to  the  battery.  Since  CE  OUT  isforced  high 
in  battery  backup  mode,  the  test  load  will  not  be  applied  to 
the  battery  while  it  is  in  use,  even  if  the  microprocessor  is 
not  powered. 

Watchdog  Timer 

The  LTC1235  provides  a  watchdog  timer  function  to 
monitor  the  activity  of  the  microprocessor.  If  the  micro- 
processor does  not  toggle  the  Watchdog  Input  (WDI) 
within  the  time-out  period,  the  reset  outputs  are  forced  to 
active  states  for  a  minimum  of  140ms.  The  watchdog 
time-out  period  is  fixed  at  1.0  second  minimum  on  the 
LTC1 235.  This  time-out  period  provides  adequate  time  for 
many  systems  to  service  the  watchdog  timer  immediately 
after  a  reset.  Figure  11  shows  the  timing  diagram  of 


watchdog  time-out  period  and  reset  active  time.  The 
watchdog  time-out  period  is  restarted  as  soon  as  the  reset 
outputs  are  inactive.  When  either  a  high-to-low  or  low-to- 
high  transition  occurs  at  the  WDI  pin  prior  to  time-out,  the 
watchdog  time  is  reset  and  begins  to  time  out  again.  To 
ensure  the  watchdog  time  does  not  time  out,  either  a  high- 
to-low  or  low-to-high  transition  on  the  WDI  pin  must 
occur  at  or  less  than  the  minimum  time-out  period.  If  the 
input  to  the  WDI  pin  remains  either  high  or  low,  reset 
pulses  will  be  issued  every  1.6  seconds  typically.  The 
watchdog  timer  can  be  deactivated  by  floating  the  WDI  pin. 
The  timer  is  also  disabled  when  VCc  falls  below  the  reset 
voltage  threshold  or  Vbatt- 

The  Watchdog  Output,  WDO,  goes  low  if  the  watchdog 
timer  is  allowed  to  time  out  and  remains  low  until  set  high 
by  the  next  transition  on  the  WDI  pin.  WDO  is  also  set  high 
when  VCc  falls  below  the  reset  voltage  threshold  or  VBAn- 


LOW  BATTERY  SIGNAL 
TO  MP  I/O  PIN 


IjIMJr    i 

TOMP 

ftf  IN   1 


I/O  PIN 


Figure  10.  Backup  Battery  Monitor  with  Optional  Test  Load 


VCC  =  5V 


RESET 


t1  -  RESET  ACTIVE  TIME 

12  =  WATCHDOG  TIME-OUT  PERIOD 


Figure  11.  Watchdog  Time-out  Period  and  Reset  Active  Time 
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miUTflRV 


PART 
NUMBER 

RESPONSE 
TIME 
MAX 

Ins) 

Vos 

MAX 

(mV) 

Ib 
MAX 

(nA) 

DRIVE 
CAPABILITY 
(mA) 

GAIN 
MIN 

(V/mV) 

'SUPPLY 

POSITIVE 
(mA) 

ISUPPLY 

NEGATIVE 
(mA) 

PACKAGES 
AVAILABLE 

IMPORTANT  FEATURES 

T1Q11AM 

LI  lUll  fMVI 

250 

0.5 

25 

50 

200 

4.0 

2.5 

H,  J8 

Low  V0s,  Low  'b.  High  Output  Drive,  12-Bit  Acc. 

LI  I  U  I  I  I  v  I 

250 

1.5 

50 

50 

200 

4.0 

2.5 

H,  J8 

i  urn 

16 

20 

^nnno 

GUUUU 

4 

70 

J8,  N8 

Dual,  Ultra  High  Speed,  Latched  TTL  Outputs,  Stable  in 
Active  Region 

LT1016M 

12 

±2.5 

10000 

10 

2 

35 

5 

H,J8 

Ultra  High  Speed,  TTL  Outputs,  True  Output  Latch, 
Stable  in  Active  Region,  Pin/Pin  Replacement  tor  AM686 

LT1017M 

1 

15 

30 

1000 

0.060 

H.J8 

LT1017  has  Lowest  Supply  Current,  LT1018  is  Faster. 
Both  are  Dual  Comparators  with  Same  Pinout  as  193 
Types. 

LT1018M 

1 

75 

35 

1000 

0.250 

H,J8 

LT111A 

250 

1.0 

100 

50 

200 

4.0 

2.5 

H,J8 

Low  Vos,  High  Gain 

LM111 

3.0 

100 

50 

40 

6.0 

5.0 

H.  J8 

General  Purpose 

LT119A 

80  (typ) 

1.0 

500 

25 

20 

11.5 

4.5 

H,J 

Dual,  Low  V0s,  High  CMRR 

LM119 

80  (typ) 

4.0 

500 

25 

10 

11.5 

4.5 

H.J 

Dual,  General  Purpose 

LTC1040M 

100u.s 

0.5 

3 

t 

300nA** 

1nA 

J 

CMOS  Sampling  Comparator 

LTC1041M 

100ns 

0.5 

0.3 

10 

3 

J8,  N8 

CMOS  Bang-Bang  Controller 

LTC1042M 

100ns 

1.0 

3 

t 

300nA" 

1nA 

J8 

CMOS  Window  Comparator 

LT685M 

6.5 

±2.0 

10000 

tt 

1.6  (typ) 

22 

26 

H,J 

Ultra  High  Speed.  ECL  Outputs,  Output  Latch, 
External  Hysteresis  Control 

commcRciRL 

PART 
NUMBER 

RESPONSE 
TIME 
MAX 

H 

Vos 
MAX 
(mV) 

Ib 
MAX 
(nA) 

DRIVE 
CAPABILITY 
(mA) 

GAIN 
MIN 

(V/mV) 

Supply 
POSITIVE 
(mA) 

•supply 
NEGATIVE 
(mA) 

PACKAGES 
AVAILABLE 

IMPORTANT  FEATURES 

LT1011AC 

250 

0.5 

25 

50 

200 

4.0 

2.5 

H,  J8,  N8 

Low  Vos.  Low  Ib.  High  Output  Drive,  12-Bit  Acc. 

LT1011C 

250 

0.5 

50 

50 

200 

4.0 

2.5 

H,  J8,  N8 

LT1015C 

14 

20 

30000 

4 

1 

70 

J8.  N8 

Dual,  Ultra  High  Speed,  Latched  TTL  Outputs,  Stable  in 
Active  Region 

LT1016C 

12 

±2.5 

10000 

10 

1.4 

35 

5 

H,  J8,  S8 

Ultra  High  Speed,  TTL  Outputs,  True  Output  Latch, 
Stable  in  Active  Region,  Pin/Pin  Replacement  tor  AM686, 
Single  Supply  Operation 

LT1017C 

1 

15 

30 

1000 

0.060 

H.S 

LT1017  has  Lowest  Supply  Current,  LT1018  is  Faster. 
Both  are  Dual  Comparators  with  Same  Pinout  as  193 
Types. 

LT1018C 

1 

75 

35 

1000 

0.250 

H,S 

LT311A 

250 

1.0 

100 

50 

200 

4.0 

2.5 

H,J8 

Low  Vos,  High  Gain 

LM311 

7.5 

250 

50 

40 

7.5 

5.0 

H,  J8 

General  Purpose 

LT319A 

80  (typ) 

1.0 

500 

25 

20 

12.5 

5.0 

H.J.N 

Dual,  Low  V0s,  High  CMRR 

LM319 

80  (typ) 

8.0 

1000 

25 

8 

12.5 

5.0 

H,J,N 

Dual,  General  Purpose 

LTC1040C 

100ns 

0.5 

3 

t 

300nA** 

1nA 

J,  N,  S 

CMOS  Sampling  Comparator 

LTC1041C 

100ns 

0.5 

0.3 

10 

3 

J8,  N8 

CMOS  Bang-Bang  Controller 

LTC1042C 

100ns 

1.0 

3 

t 

300nA" 

1nA 

J.N8 

CMOS  Window  Comparator 

LT685C 

6.5 

±2.0 

10000 

tt 

1.6  (typ) 

22 

26 

H.J.N 

Ultra  High  Speed,  ECL  Outputs,  Output  Latch, 
External  Hysteresis  Control 

LT1116 

14 

±3.0 

20000 

10 

2.4 

38 

7 

N8.S8 

Ground  Sense  Capability,  Ultra  High  Speed,  TTL  Outputs, 
True  Output  Latch,  Stable  in  Active  Region,  Single  Supply 
Operation,  Pin/Pin  Replacement  for  AM686 

*1  Std.  TTL  Load. 

"*  Supply  Current  Depends  on  Clock  Rate. 
tGain  Errors  are  Included  in  V0s  Spec. 
ttCan  Drive  Terminated  50£2  Transmission  Lines. 


XT™ 
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TECHNOLOGY 


LT1015 


High  Speed  Dual  Line  Receiver 


F€ATUA€S 

■  10ns  Response  Time 

■  2ns  Setup  Time  for  Latch 

■  Operates  on  Single  5V  Supply 

■  Dual  Function  in  8-Pin  Package 

■  No  Input  Slew  Rate  Requirement 

■  Latch  Function  Included  On  Chip 

■  True  Differential  Inputs 

RPPUCflTIOnS 

■  High  Speed  Differential  Line  Receiver 

■  Pulse  Height/Width  Discriminator 

■  Timing  and  Delay  Generators 

■  Analog  to  Digital  Interface 


DCSCRIPTIOA 

The  LT1015  is  a  dual  high  speed  comparator  intended  for 
line  receiver  and  other  general  purpose  fast  comparator 
functions.  It  has  10ns  response  time,  true  differential  in- 
puts, TTL  outputs,  and  operates  from  a  single  5V  supply.  A 
unique  output  stage  design  virtually  eliminates  power 
supply  glitching  during  transitions.  This  greatly  reduces 
instability  and  crosstalk  problems  in  multiple  line  applica- 
tions. No  minimum  input  slew  rate  is  required  as  in  previ- 
ous TTL  output  comparators. 

The  LT1015  has  a  true  latch  pin  for  retaining  output  data. 
Setup  time  is  2ns,  allowing  the  comparators  to  capture 
data  much  faster  than  the  actual  flowthrough  response 
time.  8-pin  miniDIP  and  ceramic  packages  allow  high 
packing  density. 


TVPICRL  APPLICATION 

2  Channel  20MHz  Clocked  Line  Receiver 


BLOCK  DIRGRRffl 


A  INPUT. 


B  INPUT- 


_n_Tci 

DATA  LATCHED 
ON  POSITIVE  EDGE 


CHANNEL B 


LATCH  (BOTH  SIDES) 
DEVICE  ACTIVE  WITH 
LATCH  LOW.  "OPEN- 
GOES  TO  HIGH  STATE. 


LT1015 


absolutc  mnximum  rrtirgs 


Supply  Voltage  7V 

Differential  Input  Voltage  5V 

Input  Voltage  Positive  Supply  +  0.5V 

Negative  -1V 

Input  Current  (Forced)  Positive  20mA 

Latch  Pin  Voltage  Supply  +1V 

Output  Current  (Continuous)  ±20mA 

Operating  Temperature  Range 

LT1015M  -55°Cto125°C* 

LT1015C  0°Cto70°C 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 

'Air  flow  must  be  provided  for  TA  >  100°C. 


ORDER  PART 

TOP  VIEW 

NUMBER 

INPUT  A  [7 

w 

I]v+ 

REFERENCE  |J_ 

JJ  OUTPUT  A 

LT1015MJ8 

INPUT B  Q 

6]  GROUND 

LT1015CJ8 

LATCH  (7 

JJ  OUTPUT  B 

LT1015CN8 

J8  PACKAGE 

8  PACKAGE 

8-LEAD  CERAMIC  DIP  8 

LEAD  PLASTIC  DIP 

 1 

€L€CTRICRL  CHRRRCTCRISTICS 

V  +  =  4.6V  to  5.4V,  VLatch  =  0V,  Common  Mode  Input  Voltage = 2.5V,  Tj  =  25°C,  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

Input  Offset  Voltage  (Note  1) 

VCM  =  1.25V  to  (V+- 1.5V) 

— 
1 

20 

mV 

Input  Bias  Current 

AV|N  =  0V(Note2) 

15 

30 

fA 

Reference  Input  Current 

AV,N  =  0V(Note2) 

30  60 

MA 

Voltage  Gain  (Note  3) 

V0UT  =  0.5V  to  2.5V 
Load  =  1TTL  Gate 

1000 

2500 

V/V 

Common  Mode  Input  Range  (Note  5) 

Minimum  Input 
Maximum  Input 

V+  -1.5 

1.0 

V+-1.0 

1.25 

V 
V 

Output  High  Voltage 
Output  Low  Voltage 

lour = 4mA 
lSiNK=4mA 

2.5 

0.3 

0.5 

>•  > 

Supply  Current 

V+  =5V 

55 

70 

mA 

Latch  Pin  High  Input  Voltage 

Device  Latched 

2 

V 

Latch  Pin  Low  Input  Voltage 



Device  Active 

0.8 

V 

Latch  Pin  Current 

1 

mA 

Propagation  Delay 

AV|N>20mV(Note4) 

0°C<Tj<100°C 

-55°C<Tj<150<>C 

7 
7 

10 
10 

14 
16 

ns 
ns 

Latch  Setup  Time 

2 

ns 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Input  offset  voltage  is  the  maximum  required  to  drive  the  output 

to  a  low  state  of  0.5V  and  a  high  state  of  2.5V. 

Note  2:  Input  currents  are  measured  by  applying  a  large  positive 

differential  input  voltage.  The  resulting  input  current  is  divided  by  two 

to  obtain  input  current  at  AVin  =  0V. 

Note  3:  Voltage  gain  is  guaranteed  by  design,  but  not  tested. 

Note  4:  Propagation  delay  is  sample  tested  in  production  with  a  large 

overdrive.  The  limit  is  guard  banded  to  account  for  the  slight  increase 

(=  500ps)  at  20mV  overdrive. 


Note  5:  Common  mode  input  range  is  the  voltage  range  over  which  the 
differential  input  offset  voltage  is  less  than  20mV.  If  both  inputs  remain 
inside  this  common  mode  range,  propagation  delay  will  be  unaffected.  It 
will  also  be  normal  if  the  signal  input  is  below  the  1.25V  lower  limit  when 
the  input  transition  begins.  An  increase  in  propagation  delay  of  up  to  10ns 
may  occur  if  the  signal  input  is  above  the  upper  common  mode  limit  when 
the  transition  begins.  Sine  wave  inputs  may  not  be  affected  when  the  peak 
exceeds  the  common  mode  range  if  the  signal  is  inside  the  common 
mode  range  for  10ns  before  threshold  is  reached. 
Note  6:  For  typical  curves  see  the  LT1 01 6  data  sheet. 


JTWM 
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TECHNOLOGY 


LT1017CS8/LT1018CS8 


Dual  Micropower 
Comparator 


D€SCMPTIOn 

The  LT1 01 7  and  LT1 01 8  are  general  purpose  micropower 
comparators.  The  LT1 01 7  is  optimized  for  lowest  operat- 
ing power  while  the  LT1 01 8  operates  at  higher  power  and 
higher  speed.  Both  devices  can  operate  from  a  single  1.1V 
cell  up  to  40V.  The  output  stage  includes  a  class  "B"  pull- 
up  current  source,  eliminating  the  need  for  an  external 
resistive  pull-up  and  saving  power.  The  output  stage  is 
also  designed  to  allow  driving  loads  connected  to  a  supply 
more  positive  than  the  device,  as  can  comparators  with 
open  collector  output  stages. 

Input  specifications  are  also  excellent.  On-chip  trimming 
minimizes  offset  voltage,  while  high  gain  and  common- 
mode  rejection  ratio  keep  other  input-referred  errors  low. 
Common-mode  voltage  range  includes  ground.  Special 
circuitry  prevents  false  output  states  even  if  the  input  is 
overdriven. 


PflCKRG€/ORD€R  inFORITIATIOn 


T|  -IN  A 

7]  OUT  A 

T]  V+ 

J]  0UTB 


S8  PACKAGE 
8-LEAD  PLASTIC  SO 

(0.15"  BODY  WIDTH) 


ORDER  PART 
NUMBER 


LT1017CS8 
LT1018CS8 


PART  MARKING 


1017 
1018 


absolute  mRximum 

Operating  Temperature  Range 

LT1017CS8  0°C<TA<70°C 

LT1018CS8  0°C<TA<70°C 


APPLICATION 

■  Power  Supply  Monitors 

■  Relay  Driving 

■  Oscillators 


CICCTRICRl  CHARACTERISTICS 

Electrical  characteristics  of  the  LT1017CS8  and  LT1018CS8  are  idential  to  those  of  the  standard  datasheet  electricals  for  the 
LT1071CS/LT1018CS  and  LT1017CN8/LT1018CN8.  Please  refer  to  the  standard  datasheet  for  0  C  <  TA  <  70  C  electricals. 

Note:  The  pin  assignment  of  the  LT1 01 7CS8/LT1 01 8CS8  does  not  match  the  pin  assignment  for  the  LT1 01 7CN8/LT1 01 8CN8  plastic 
dual-in-line  package. 
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jm^F  TECHNOLOGY 


■  Ultra  Fast  (12ns  Typ) 

■  Operates  off  Single  +5V  Supply  or  ±5V 

■  Input  Common  Mode  Extends  to  Negative  Supply 

■  No  Minimum  Input  Slew  Rate  Requirement 

■  Complementary  TTL  Output 

■  Inputs  Can  Exceed  the  Positive  Supply  Up  to  +15V 
without  Damaging  the  Comparator 

■  Low  Offset  Voltage 

■  Pin-Compatible  with  LT1016 

■  Output  Latch  Capability 

flppucflTions 

■  High  Speed  A/D  Converters 

■  Zero  Crossing  Detectors 

■  Current  Sense  for  Switching  Regulators 

■  Extended  Range  V  to  F  Converters 

■  Fast  Pulse  Height/Width  Discriminators 

■  High  Speed  Triggers 

■  Line  Receivers 

■  High  Speed  Sampling  Circuits 


 LT1116 

12ns,  Single  Supply 
Ground-Sensing  Comparator 

DCSCRIPTIOn 

The  LT1116  is  an  ultra  fast  (12ns)  comparator  designed 
for  sensing  signals  near  the  negative  supply.  The  input 
common  mode  range  extends  from  2.5V  below  the  posi- 
tive supply  down  to  the  negative  supply  rail.  Like  the 
LT1016,  this  comparator  is  specifically  designed  to  inter- 
face directly  to  TTL  logic  with  complementary  outputs. 
The  comparator  may  operate  from  either  a  single  +5V 
supply  or  dual  +5V  supplies.  Tight  offset  voltage  specifi- 
cations and  high  gain  allow  the  LT1116  to  be  used  in 
precision  applications. 

The  LT1116  is  designed  for  improved  speed  and  stability 
for  a  wide  range  of  operating  conditions.  The  output  stage 
provides  active  drive  in  both  directions  for  maximum 
speed  into  TTL  logic  or  passive  loads,  yet  it  has  minimal 
cross-conduction  current.  Unlike  other  fast  comparators, 
the  LT1116  remains  stable  even  for  slow  transitions 
through  the  active  region,  which  eliminates  the  need  to 
specify  a  minimum  input  slew  rate. 

The  LT1116  has  an  internal,  TTL  compatible  latch  for 
retaining  data  at  the  outputs.  The  latch  holds  data  as  long 
as  the  latch  pin  is  held  high.  Device  parameters  such  as 
gain,  offset,  and  negative  power  supply  current  are  not 
significantly  affected  by  variations  in  negative  supply 
voltage. 


tvpicrl  RppucflTion 

Fast  Current  Comparator  for 
Current  Mode  Switching  Regulator 


C1  SRSENSE 


<R1 

CONTROL  INPUT 


Comparator  Response  Time 


DC 

Is 


5  £  =■ 
o 


Tl- 

RESH 

OLD  - 

:/ 

s. 

-*— 

I 

S— 

-V- 

12  ns 

— s— 

■12ns 

— K- 

TIME  ( 
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LT1116 


rrsoiutc  mnximum  rrtirgs 

(Hotel) 

Supply  Voltage  (V+)  to  GND  7V 

Negative  Supply  Voltage  (V~)  -7Vto  GND 

Voltage 

Differential  Input  Voltage  ±15V 

Inputs  Voltage  (Either  Input)  (V~)  -0.3V  to  15V 

Latch  Pin  Voltage  Equal  to  Supplies 

Output  Current  (Continuous)  ±20mA 

Operating  Temperature  Range 
LT1116C  0°Cto  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  MFORfflRTIOn 


TOP  VIEW 

ORDER  PART 
NUMBER 

vg 
+in  LT 

-IN  [T 
v-  [7 

T]  Q  OUT 

7]  OOUT 

T\  GND 

T|  LATCH 
-41  ENABLE 

LT1116CN8 

N8  PACKAGE 
8-LEAD  PLASTIC  DIP 

ITIH6-POMI 

TOP  VIEW 

LT1116CS8 

v*fT 

]TJ  QOUT 

+IN  rr 

-IN 

v-  [T 

T]  GND 

T|  LATCH 
— 1  ENABLE 

S8  PART  MARKINGS 

1116 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

CLCCTRICRL  CHRRRCTCRISTICS  ^-s¥,r=-w,  v0UT «» =     latch =ov, ta=25°c. 

Specifications  for  Vq$,  Ib,  CMRR,  and  Voltage  Gain  are  valid  for  single  supply  operation,  V+  =  5V,  V"  =  0V,  unless  otherwise  noted. 


SYMBOL 

PARAMETERS 

CONDITIONS 

MIN 

LT1116 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

Rs<100Q(Note2) 

1.0 

±3.0 
3.5 

mV 
mV 

AV0S 
AT 

Input  Offset  Voltage  Drift 

5 

°C 

los 

Input  Offset  Current 

(Note  2) 

0.5 

2 

MA 

Ib 

Input  Bias  Current,  Sourcing 

(Note  3) 

10 

20 

HA 

Input  Voltage  Range 

Arbitrary  Supply  Range 

r 

(V*)-2.5 

V 

Single  +5V  Supply 

0 

2.5 

V 

CMRR 

Common  Mode  Rejection  Ratio 

-5V<VCM<2.5V,  VS  =  ±5V 
0V<VCM<2.5V 

75 
65 

90 
90 

dB 
dB 

PSRR 

Power  Supply  Rejection  Ratio 

Positive  Supply  4.6V  <  V+  <  5.4V 

60 

75 

dB 

Negative  Supply  -7V  <  V"  <  -2V 

80 

100 

dB 

Av 

Small  Signal  Voltage  Gain 

1V<VnUT<2V 

1400 

3000 

WV 

h 

+Supply  Current 

27 

38 

mA 

I- 

-Supply  Current 

5 

7 

mA 

V0H 

Output  High  Voltage 

Isource  =  1mA 
•source  =  10mA 

2.7 
2.4 

3.4 
3.0 

V 
V 

Vol 

Output  Low  Voltage 

■sink  »  4mA 
•sink  =  10mA 

0.3 
0.4 

0.5 

V 
V 
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LT1116 


€l€CTRICRl  CHRRRCT€RISTICS  r r * -sv,  v0UT  (Q)  =  i .4w,  latch = ov,  ta = 25°c,  unless 

otherwise  noted. 


SYMBOL 

PARAMETERS 

CONDITIONS 

LIlllD 

MIN           TYP  MAX 

UNITS 

V,H 

+Latch  Threshold 

2.0 

V 

V,L 

-Latch  Threshold 

• 

0.8 

V 

k 

Latch  Input  Current 

Vlatch  =  OV 

• 

-20  -500 

HA 

Propagation  Delay 

AV|N  =  100mV,  OD  =  5mV  (Note  4) 

• 

12  16 
18 

ns 
ns 

tpo 

Propagation  Delay 

AV|N  =  100mV,0D  =  20mV(Note4) 

• 

10  14 
16 

ns 
ns 

Atpo 

Differential  Propagation  Delay 

AVra  =  100mV,  OD  =  5mV  (Note  4) 

3 

ns 

tsu 

Latch  Set-Up  Time 

(Note  5) 

2 

ns 

Latch  Hold  Time 

(Note  5) 

2 

ns 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the  life 
of  a  device  may  be  impared. 

Note  2:  Input  offset  voltage  is  defined  as  the  average  of  two  offset 
voltages  measured  by  forcing  first  the  Q  output  to  1 .4V  then  forcing  the  Q 
output  to  1 .4V. 

Note  3:  Input  bias  current  is  defined  as  the  average  of  the  two  input 
currents. 


Note  4:  tPD  and  AtPD  cannot  be  measured  in  automatic  handling 
equipment  with  low  values  of  overdrive.  The  LT1 1 1 6  is  sample  tested  with 
a  1 V  step  and  500mV  overdrive.  Correlation  tests  have  shown  that  tPD  and 
AtpD  can  be  guaranteed  with  this  test  if  additional  DC  tests  are  performed 
to  verify  internal  bias  conditions  are  correct.  For  low  overdrive  conditions 
V0s  is  added  to  the  measured  overdrive. 
Note  5:  Input  latch  set-up  time,  tsu.  is  the  interval  in  which  the  input 
signal  must  be  stable  prior  to  asserting  the  latch  signal.  The  hold  time,  tH, 
is  the  interval  after  the  latch  is  asserted  in  which  the  input  signal  must  be 
stable. 


TimidG  DiflGRnms 


ni116-iU01  LTM16-TO02 
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LT1116 


TVPICflL  P€RFORmnnC€  CHflftfiCT€RISTICS 

Gain  Characteristics  Propagation  Delay  vs  Overdrive 


1  1 

Vc  =  ±5V 

T 

I-* 

25" 

t 

'oui 

=  0 

Tj  = 

25°( 

-55' 

-1.5      -0.5  0  0.5 


DIFFERENTIAL  INPUT  VOLTAGE  (mV) 

LT1116.TPC01 


5°C 

^  'PDLH 

TEPSIZE 

=  100mV 

•PDHL 

10  20  30  40  50 
OVERDRIVE  VOLTAGE  (mV) 

LT1116-TPC02 


Propagation  Delay  vs 
Load  Capacitance 


_  STEP 

100mV, 

OVERDRIVE  =  5m\ 
I 

<PDh 

L   J 

'PDL 

\ 

OUTPUT  LOAD  CAPACITANCE  (pF) 

LT1116-TPC03 


Propagation  Delay  vs 
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Common  Mode  Considerations 

The  LT1 1 1 6  is  specified  for  a  common  mode  range  of  OV 
to  2.5V  with  a  single  +5V  supply,  and  -5V  to  2.5V  with  ±5V 
supplies.  The  common  mode  range  is  defined  as  the  DC 
input  for  which  the  output  responds  correctly  to  small 
changes  in  the  input  differential.  Input  signals  can  exceed 
the  positive  common  mode  limit  up  to  the  15V  absolute 
maximum  rating  without  damaging  the  comparator.  There 
will,  however,  be  an  increase  in  propagation  delay  of  up  to 
10ns  when  the  input  signal  switches  back  into  the  com- 
mon mode  range.  When  input  signals  fall  below  the 
negative  common  mode  limit,  the  internal  PN  diodeformed 
with  the  substrate  can  turn  on  resulting  in  significant 
charge  flow  throughout  the  die.  A  Schottky  clamp  diode 
between  the  input  and  the  negative  rail  speeds  up  recovery 
from  negative  overdrive  by  preventing  the  substrate  diode 
from  turning  on.  The  zero  crossing  detector  in  Figure  1 
demonstrates  the  use  of  a  fast  clamp  diode.  Recovery 
from  500mV  overdrive  below  V"  for  this  circuit  is 
approximately  18ns. 

Input  Characteristics 

Each  input  to  the  LT1116  is  buffered  with  a  fast  PNP 
follower  —  input  bias  current  therefore  does  not  vary 
significantly  throughout  the  common  mode  range.  When 
either  input  exceeds  the  positive  common  mode  limit,  the 
bias  current  drops  to  zero.  Inputs  that  fall  more  than  one 
diode  drop  below  V"  will  forward  bias  the  substrate  or 
clamp  diode,  and  will  cause  large  input  current  to  flow. 


Fast  Zero  Crossing  Detector 

CABLE 


Figure  1 .  The  zero  crossing  detector  terminates  the  transmission 
line  at  its  50Q  characteristic  impedance.  Negative  inputs  should 
not  fall  below  -2V  to  keep  the  signal  current  within  the  clamp 
diode's  maximum  forward  rating.  Positive  inputs  should  not 
exceed  the  devices  absolute  maximum  ratings  nor  the  p 
rating  on  the  terminating  resistor. 


Single  ended  input  resistance  is  about  5Mf2,  and  remains 
roughly  constant  over  the  input  common  mode  range.  The 
common  mode  resistance  is  about  2.5MQ  with  zero 
differential  input  voltage,  and  does  not  change  signifi- 
cantly with  the  absolute  value  of  differential  input. 

Effective  input  capacitance,  typically  5pF,  is  determined  by 
measuring  the  resulting  change  in  propagation  delay  for  a 
1kC2  change  in  source  resistance. 

Latch  Pin  Dynamics 

The  internal  latch  uses  local  regenerative  feedback  to 
shorten  set-up  and  hold  times.  Driving  the  latch  pin  high 
retains  the  output  state.  The  latch  pin  floats  to  a  high  state 
when  disconnected,  so  it  must  be  driven  low  for  flow- 
through  operation.  The  set-up  time  required  to  guarantee 
detecting  a  given  transition  of  the  inputs  is  2ns.  The  inputs 
must  also  remain  stable  for  a  2ns  hold  time  after  latch  is 
asserted.  New  data  will  appear  at  the  output  approximately 
1 0ns  to  1 2ns  after  the  latch  goes  low.  The  latch  pin  has  no 
built-in  hysteresis,  and  is  designed  to  be  driven  from  TTL 
or  CMOS  logic  gates. 

Additional  Information 

Linear  Technology's  Application  Note  13  provides  an 
extensive  discussion  of  design  techniques  for  high  speed 
comparators. 


Single  Supply  Crystal  Oscillator  10MHz-15MHz 


OUTPUT 


Figure  2.  This  single  supply  crystal  oscillator  utilizes  crystals 
from  10MHz  to  1 5MHz  without  component  changes. 
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High  Speed  Adaptive  Trigger  Circuit 

Line  receivers  often  require  an  adaptive  triggerto  compen- 
sate for  variations  in  signal  amplitude  and  DC  offsets.  The 
circuit  in  Figure  3  triggers  on  2mV  to  200mV  signals  from 
1 00Hz  to  1 0MHz  from  a  single  5V  rail.  The  trigger  level  is 
the  average  of  the  input  signal's  positive  and  negative 
peaks  stored  on  0.005u.F  capacitors.  Pairs  of  NPN  and 
PNP  transistors  are  used  instead  of  diodes  to  temperature 
compensate  the  peak  detector. 


To  achieve  single  supply  operation,  the  input  signal  must 
be  shifted  into  the  pre-amplifier's  common  mode  range. 
The  input  amplifier  A1,  adds  a  1V  level  shift,  while  A2 
provides  a  gain  of  20  for  high  frequency  signals.  Capaci- 
tors C1  and  C2  insure  that  low  frequency  signals  see  unity 
gain.  Bandwidth  limiting  in  A1  and  A2  does  not  affect 
triggering  because  the  adaptive  trigger  threshold  varies 
ratiometrically  to  maintain  circuit  output. 


LT1 1 16  •  TA05 


Figure  3.  Fast  Single  Supply  Adaptive  Trigger 


10-13 


NOTES 


10-14 


sccTion  11— specini  Funaion 


rrunmi 

J^mf  technology 


SECTION  11— SPECIAL  FUNCTION 

INDEX  11-2 

SELECTION  GUIDE  11-3 
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SPECIAL  FUNCTIONS 


nnmoG  switchcs 

FAMILY  FEATURES 

■  Micropower:  40jaA  Max  Supply  Current 

■  Single  5V  or  ±1 5V  Operation 

■  8pC  Charge  Injection 

■  Low  ON  Resistance 

■  Low  Leakage 

■  Guaranteed  Break  Before  Make 


PART 
NUMBER 

NUMBER  OF 
CHANNELS 

LATCHED 
INPUTS 

MAX  ON 
RESISTANCE 

MAX  INPUT 
AND  OUTPUT 
OFF  LEAKAGE 

MAX 
SUPPLY 
CURRENT 

MAX 

Ton/Toff 

FEATURES 

LTC2D1A 

4 

125« 

5nA 

40pA 

400ns/300ns 

Lower  ON  Resistance,  Charge  Injection,  Supply  Current 
Than  DG201A.  Single  5V  to  ±15V  Supply  Operation 

LTC202 

4 

125Q 

5nA 

40pA 

400ns/300ns 

Lower  ON  Resistance,  Charge  Injection,  Supply  Current 
Than  DG202.  Single  5V  to  ±15V  Supply  Operation 

LTC203 

4 

125Q 

5nA 

40nA 

400ns/300ns 

Low  ON  Resistance,  Charge  Injection,  Supply  Current 

LTC221 

4 

X 

90fi 

5nA 

40pA 

400ns/300ns 

Lower  Charge  Injection.  Supply  Current  Than  DG221 

LTC222 

4 

X 

90S 

5nA 

40pA 

400ns/300ns 

Lower  Charge  Injection,  Supply  Current  Than  DG222 

OTHCft  PRODUCTS 

PART  NUMBER 

DESCRIPTION 

PACKAGE 
OPTIONS 

FEATURES 

LF198(A)/LF398(A) 

Sample  and  Hold  Amplifier 

H,J8,  N8,S 

12-Bit  Accurate  (LF198A),  6|iS  Acquisition  Time,  0.005%  Max  Gain  Error. 

LM134/LM334 

Adjustable  Current  Source 

H,Z,S8 

1jiA  to  10mA  Adjustment  Range,  Floating  Current  Source,  0.02%/Volt  Regulation,  Can  B 
Used  as  Temperature  Sensor. 

LT1025 

Thermocouple  Cold  Junction  Compensator 

J8.N8 

Provides  0°C  Cold  Junction  Compensation  of  Types  E,  J,  K,  R,  S,  T  Thermocouples.  Low 
Supply  Current  (80^A)  and  Operates  with  Single  +  4V  to  +  36V  DC  Supply. 

LT1088 

RMS  to  DC  Converter 

D,N 

Thermal  RMS  to  DC  Conversion  Permits  1%  Accuracy  !o  50MHz,  2%  to  100MHz  and 
Handles  Crest  Factors  up  to  50:1. 

LTC1043 

Precision  Switched-Capacitor  Building  Block 

D.N.S 

120dB  CMRR,  when  Used  as  Instrumentation  Front  End,  Allows  Switched-Capacitor 
Design  Techniques  at  Board  Level. 

LTK001 

Thermocouple  Cold  Junction  Compensator  with 
Matched  Amplifier 

J,N 

LT1025with  Matched  Amplifier  {LTKA00  or  LTKA01)  Provides  Lower  Error  Specs  than 
using  Worst-Case  Errors  of  LT1025  and  Standard  Precision  Op  Amp. 

LTC201A/LTC202/LTC203 

TECHNOLOGY  Micropower,  Low  Charge 

Injection,  Quad  CMOS  Analog  Switches 


F€flTUR€S 

■  Micropower  Operation 

■  Single  5V  or  ±  15V  Supply  Operation 

■  Low  Charge  Injection 

■  Low  Ron 

■  Low  Leakage 

■  Guaranteed  Break  Before  Make 

■  Latch  Resistant  Design 

■  TTUCMOS  Compatible 

■  Improved  Second  Source  for  DG201A/DG202 

K€V  SPCCIFICRTIOnS 

■  Supply  Current  I +  =  40/iA,  h =5pA  Max. 

■  Charge  Injection (±  15V Supplies)  ±25pCMax. 

(Single  5V  Supply)  2pCTyp. 

■  Ron  650  Typ. 

■  Signal  Range  ±15V 


D€SCRIPTIOft 

The  LTC201A,  LTC202,  and  LTC203  are  micropower, 
quad  CMOS  analog  switches  which  typically  dissipate  only 
250u.W  from  +15V  supplies  and  40jiW  from  a  single  5V 
supply.  The  switches  have  65Q  typical  on  resistance  and 
a  very  high  off  resistance.  A  break  before  make  charac- 
teristic, inherent  in  these  switches,  prevents  the  shorting 
of  two  channels.  With  a  supply  voltage  of  ±1 5V,  the  signal 
range  is  ±15V.  These  switches  have  special  charge  com- 
pensation circuitry  which  greatly  reduces  charge  injection 
to  a  maximum  of  ±25pC  (±1 5V  supplies). 

The  LTC201A,  LTC202,  and  LTC203  are  designed  for 
applications  such  as  programmable  gain  amplifiers,  analog 
multiplexers,  sample  and  hold  circuits,  precision  charge 
switching  and  remote  switching.  These  three  devices  are 
differentiated  by  the  type  of  switch  action,  as  shown  in  the 
logic  table. 


TVPICRLRPPUCRTIOn 
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LTC201 A/LTC202/LTC203 


absoiutc  mnximum  ratiags 

(Note  1) 

Voltages  Referenced  to  V" 

V+  44V 

GND  25V 

Digital  Inputs,  S,D  (Note  2)  -2Vto  (V++2V)  or 

20mA,  Whichever  Occurs  First 

Current 

Any  Input  Excepts  or  D  30mA 

Continuous  S  orD  20mA 

Peaks  S  or  D  (Pulsed  at  1ms, 

10%  Duty  Cycle  Max)  70mA 

ESD  Susceptibility  (Note  3)  4kV 

Power  Dissipation  (Plastic)  500mW 

Power  Dissipation  (Ceramic)  900mW 

Operating  Temperature  Range 

LTC201AC/LTC202C/LTC203C  0°C  to  70°C 

LTC201 AM/LTC202M/LTC203M  -55°C  to  125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PACKAG€/ORD€R  lAFORfflAHOO 


J  PACKAGE  N  PACKAGE 

16-LEAD  CERAMIC  DIP     16-LEAD  PLASTIC  DIP 
SO  PACKAGE 
16-LEAD  PLASTIC  SOIC 


LOGIC  TABIC 


ORDER  PART 
NUMBER 


LTC201AMJ 

LTC201ACJ 

LTC201ACN 

LTC201ACS 

LTC202MJ 

LTC202CJ 

LTC202CN 

LTC202CS 

LTC203MJ 

LTC203CJ 

LTC203CN 

LTC203CS 


IN, 

LTC201A 
IN1-IN4 

LTC202 
IN1-IN4 

LTC203 
IN1.IN4  IN2.IN3 

0 

ON 

OFF 

OFF 

ON 

1 

OFF 

ON 

ON 

OFF 

DIGITAL  AflD  DC  6LCCTRICAL  CHARACT€RISTICS 

V+  =  +15V,V"=  -15V,  GND=0V  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

LTC201 AM/LTC202M/LTC203M 
MIN       TYP  MAX 

LTC201 AC/LTC202C/LTC203C 
MIN       TYP  MAX 

UNITS 

Analog  Signal  Range 

• 

±15 

±15 

V 

Ron 

VS  =  ±10V 
l0=  1mA 

Tmin 

110 

125 

n 

25°C 

65  110 

65  125 

Tmax 

160  160 

aRon  «s  Vs 

20 

20 

% 

ARon  vs  Temperature 

0.5 

0.5 

%/°c 

Ron  Match 

Vs  =  0V,  Ids  =  1mA 

5 

5 

% 

Off  Input  Leakage  ls(OFF) 

VD  =  ±14V,VS  =  +  14V 
Switch  Off 

0.01  +1 

0.01  ±5 

nA 

• 

±100 

±100 

Off  Output  Leakage  lB(OFF) 

VD  =  ±14V,VS  =  +14V 
Switch  Off 

0.01  +1 

0.01  ±5 

nA 

• 

±100 

±100 

On  Channel  Leakage  lD(ON) 

VD  =  VS  =  ±14V 
Switch  On 

0.02  ±1 

0.02  ±5 

nA 

• 

±200 

±200 

Input  High  Voltage  V|NH 

• 

2.4 

2.4 

V 

Input  Low  Voltage  Vinl 

• 

0.8 

0.8 

V 

Input  High  or  Low  Current 
liNHand  Iinl 

VIN  =  15V,0V 

• 

±1 

±1 
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DIGITAL  fiflD  DC  €L€CTRICAL  CHRRRCT€RISTICS 


V+  =  +15V,  V"  =  -15V,  GND  =  OV  unless  otherwise  noted. 

PARAMETER 

CONDITIONS 

LTC201AM/LTC202M/LTC203M 
MIN        TYP  MAX 

LTC201 AC/LTC202C/LTC203C 
MIN        TYP  MAX 

UNITS 

Cs(OFF) 

5 

5 

PF 

Co(OFF) 

12 

12 

PF 

CD,  Cs(ON) 

30 

30 

PF 

I* 

All  Logic  Inputs  Tied  Together 
V|N  =  OV  or  4.0V 

16  40 

16  40 

|lA 

• 

60 

60 

|- 

0.1  5 

0.1  5 

• 

10 

10 

AC  €L€CTRICRL  CHARACTERISTICS  V-=  +  15V,V"  =  -1SV.GND  =  OV  unless  otherwise  noted. 

PARAMETER 

CONDITIONS 

LTC201 AM/LTC202M/LTC203M 
MIN       TYP  MAX 

LTC201 AC/LTC202C/LTC203C 
MIN       TYP  MAX 

UNITS 

Ton 

VS  =  2V,  RL  =  1kU,  CL  =  35pF 

290  400 

290  400 

ns 

Toff 

210  300 

210  300 

ToPEN 

20  85 

20  85 

ns 

Off  Isolation 

Vs  =  2Vp-p,RL=1k£2.f  =  100kHz 

75 

75 

rJB 

Crosstalk 

90 

90 

Charge  Injection  Q|NJ 

Rs  =  0n.  CL  =  1000pF,  vs  =  ov 

5  ±25 

8  ±25 

pC 

Total  Harmonic  Distortion  THD 

Vs  =  2Vp-p.  RL  =  10kS2 

0  01 

0.01 

% 

DIGITAL  flfiD  DC  €L€CTRICRL  CHARfiCT€RISTICS 

V+  =  +  5V,  V"  =  GND  =  0V  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

LTC201AM/LTC202M/LTC203M 
MIN        TYP  MAX 

LTC201 AC/LTC202C/LTC203C 
MIN       TYP  MAX 

UNITS 

Analog  Signal  Range 

• 

0  5 

0  5 

V 

Ron 

VS  =  +1.5V,  +3V 
lD  =  0.25mA 

Tmin 

450 

520 

a 

25°C 

280  450 

280  525 

Tmax 

650 

650 

ARon  vs  Vs 

20 

20 

% 

ARon  vs  Temperature 

0.5 

0.5 

Ron  Match 

Vs  =  2.5V.  I0S  =  0.25mA 

5 

5 

% 

Off  Input  Leakage  ls(OFF) 

VD  =  4V,  1V;VS  =  1V,  4V(Note4) 
Switch  Off 

0.01  ±1 

0.01  ±5 

nA 

• 

±100 

±100 

Off  Output  Leakage  I  D(OFF) 

VD=  4V.  1V;Vs  =  1V,4V(Note4) 
Switch  Off 

0.01  +1 

0.01  ±5 

nA 

• 

±100 

±100 

On  Channel  Leakage  lD(0N) 

VD  =  VS  =  1V,  4V(Note  4) 
Switch  On 

0.01  ±1 

0.01  ±5 

nA 

• 

±200 

±200 

Input  High  Voltage  V|NH 

• 

2.4 

2.4 

V 

Input  Low  Voltage  VinL 

• 

0.8 

0.8 

V 

Input  High  or  Low  Current 
Iinh  and  l!NL 

V|N  =  5V,  0V 

• 

±1 

±1 
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DIGITAL  AAD  DC  6LCCTRICRL  CHRRRCTCRISTICS 

V+  =  +5V,  V-  =  GND  =  OV  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

LTC201AM/LTC202M/LTC203M 
MIN       TYP  MAX 

LTC201 AC/LTC20  2C/LTC2  03  C 
MIN       TYP  MAX 

UNITS 

Cs(OFF) 

5 

5 

PF 

CD(OFF) 

12 

12 

PF 

Cd,  Cs(0N) 

30 

30 

PF 

1* 

All  Logic  Inputs  Tied  Together 
V,N  =  OV  or  40V 

8  20 

8  20 

uA 

• 

30 

30 

RC  €L€CTRICAL  CHARACTERISTICS  V+  =  +5VX=GND  =  0V  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

LTC201AM/LTC202M/LTC203M 
MIN        TYP  MAX 

LTC201 AC/LTC202C/LTC203C 
MIN        TYP  MAX 

UNITS 

Ton 

VS  =  2V,  RL  =  1kfl,  CL  =  35pF 

450  600 

450  600 

ns 

Toff 

190  300 

190  300 

ToPEN 

100  250 

100  250 

ns 

Off  Isolation 

Vs  =  2Vp-p,  RL  =  1kQ,f  =  100kHz 

75 

75 

dB 

Crosstalk 

90 

90 

Charge  Injection  Q|NJ 

Rs  =  0Q,  CL  =  1000pF,  VS  =  2.5V 

2 

2 

PC 

Total  Harmonic  Distortion  THD 

Vs  =  2Vp-p,  RL  =  10k£2 

0.01 

0.01 

% 

The  •  denotes  the  specifications  which  apply  over  full  operating 
temperature  range.  All  other  limits  and  typicals  Ta  =  25°C. 
Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the  life 
of  a  device  may  be  impaired. 

Note  2:  Signals  on  S,  D,  or  IN  exceeding  V+  or  V"  will  be  clamped  by 
internal  diodes.  Limit  forward  diode  current  to  maximum  current  rating. 


Note  3:  In-circuit  ESD  on  the  switch  pins  (S  or  D)  exceeds  4kV  (see  test 
circuit). 

Note  4:  Leakage  current  with  a  single  5V  supply  is  guaranteed  by 
correlation  with  the  ±15V  leakage  current. 


TYPICAL  P€RFORfflAAC€  CHARACTERISTICS 


Ron  vs  V$  Over  Supply  Voltage 


Ron  vs  Vs  Over  Temperature 


Ron  vs  Vs  Over  Temperature 


— V+=5 

v-=oi 

/ 
1 
A 

=  In 

125 

C- 

-  25 

c 

-55 

c  1 

-15  -12  -9  -6  -3    0     3     6     9  12 
Vs(V) 
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LTC201 A/LTC202/LTC203 


TVPicm  p€RFORmnnc€  cHnnncTCRisTics 

Qinj  vs  Vs  Over  Supply  Voltage 


50 
40 
30 
20 
10 
0 
-10 
-20 
-30 
-40 
-50 


Positive  Supply  Current  vs  Logic 
Input  Voltage 


Supply  Current  vs  Logic  Input 
Voltage 


Ta  = 

25°C 
1000pF 

Cl  = 

I  

V 

V* 

5V 

|  

IT— 

5V 

OV 

~t 

V*=15V  \ 

V  =- 

15V 

5  10 


300 
270 
240 
210 
|  180 
±T  150 
120 
90 
60 
30 
0 


-v+ 
v- 

I  I 

=  +15V 
=-15V 

25°C 
ALL  LOGIC  INPUTS 

TIE 

DTC 

GET 

HER 

V 

-v 

300 
270 
240 
210 
180 
t  150 
120 
90 
60 
30 
0 


- 

Ill 

V+=5V 
v-=  OV 
TA=25=C 

ALL  LOGIC  INPUTS 

— ii 

U  1 

ntr 

i 

\ 

/ 

! — 

VS(V) 


Vin(V) 


2  3 
v,N(V) 


LTCZ0T/ZQZWO3  ■  TPC01 


nppLicnnons  infonmnTion 

Switching  Time  Test  Circuit 

Switch  output  waveform  shown  for  Vs  =  constant  with  output  switch  on.  Feedthrough  via  gate  capacitance  may 

logic  input  waveform  as  shown.  Note  that  Vs  may  be  +  or  result  in  spikes  at  leading  and  trailing  edge  of  output 

-  as  per  switching  time  test  circuit.  Vo  is  the  steady  state  waveform. 

Switching  Time  Test  Circuit 

LOGIC  "1"  =  SW  ON 


NO  3V 
LOGIC  INPUT 

tr  <  20ns   

t,  <  20ns  ov 


NC  3V  ■ 
LOGIC  INPUT 
tr  <20ns 

t ,  <  20ns  W 

SWITCH  „ 

INPUT  VS 


OUTPUT 


LOGIC  "0"  =  SW  ON 
50% 


^  ^50% 


'on  r—  " 


'off 


4 

t 

Charge  Injection  Test  Circuit 


HN4, 


LTCOT1A/202.'H>3'TA03 


t 


7  V 


NC 


LTC301A^Z0Z^03'TACM 


3V  ' 


AV0  IS  THE  MEASURED  VOLTAGE  ERROR  DUE  TO  CHARGE  INJECTION, 

THE  ERROR  VOLTAGE  IN  COULOMBS  IS  AO  =  CL  x  AV0.  ^^oa™.™* 
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LTC2Q 1 A/LTC202/LTC203 


nppucnnons  inFOBmnnon 

OIRR-Off  Isolation  Test  Circuit 


C  +15V 


SIGNAL 
GENERATOR 


2Vp-p 
100kHz 


CHAN  A 
ANALYZER 
CHAN  B 


Slk£i  - 


J 


GND  V~ 


C  =  0.001|iF//0.1nF  ,v.  i 

CHIP  CAPACITORS       OIRR  =  20  LOG 


1  HhL 


c  — 


VlN 

3V 
OV 

NC 
NO 

■V|N 


CCRR-Channel  to  Channel  Crosstalk  Test  Circuit 

c  *wt 


SIGNAL 
GENERATOR 


Vs=2Vp-p 

f  =  100km 


CHAN  A 
ANALYZER 
CHAN  B 


3  vs1  "I     vL  vDi  ^ 


L  4r 


:«l 

►  1k£i 


C  =  0.001|iF//0.1nF  .v.,,  — 

CHIP  CAPACITORS      CCRR  =  20  LOG  77^ 
I  VD2 1 


1  Uh. 

~  c  — 


VlN 

3V 
OV 

NC 
NO 

In-Circuit  ESDTest  Circuit  Micropower,  4.5V-15V  Input,  Voltage  Doubler  Using  the  LTC203 


LTCMIA»Z«)3-TA09 


VlN 

la 

Vout.  NO  LOAD 

Rout 

4.5V 
15V 

20nA 
130mA 

8.988V(12mV  Error) 
?9  96V(40mV  Error) 

1.2k 
600fi 
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LTC20 1 A/LTC202/LTC203 


— 


— 


flppucnnons  inFonmnTion 

Micropower,  ±4.5V  -  ±15V,  Voltage  Inverter  Using  the  LTC203 


VlN 

Iq 

Vout.  NO  LOAD 

Rout 

4.5V 
15V 

15nA 
125uA 

-4.494V(6mV  Error) 
-14.975V(25mV  Error) 

1.1KQ 
520Q 

LTCMIA/2tC2O3-TA!0 


Quad  12-Bit  Sample  and  Hold 


VQUT3 


VOUT4 


LT1014 

LT1079 

Sample-to- 
Hold  Offset 

0.6mV 

0.6mV 

Aperture  Time 

300ns 

300ns 

Acquisition  Time 
to0.01%(0to2Vstep) 

14#S 

27^s 

Slew  Rate 
(0to5Vstep) 

0.4V/,iS 

0.07VVS 

Droop  Rate 

0.8mV/ms 

0.6mV/ms 

Supply  Current 

1.6mA 

180^ 
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LTC201A/LTC202/LTC203 


nppucATions  mFonmnTion 

Ultra  Low  Noise,  Low  Drift  Chopper  Amplifier 


INPUT  • 


1 


X 


I 


S3J--jS4j---j_NCj- 

11         |6  12 

+15V 


r 


-15V 


NOISE  40nVp-p0.1HM0Hz 
Vos  1(iV 
DRIFT  0.05|iV/°C 

GAIN  {£+1 
b 

AVOL  >10 
l„  25nA 


— [GNOf-  —  iDzt  —  f  D1  \-> 

nTs  rr& 

m 


T 
X 


470pF   >ma  SlOOkQ 


ion 


74C14 

—  1MS2 

"       I  \W  


:iOOOpf 


1|»F 


100kQ 


-15V 


R2 

10k£i 


R1 
10S2 


Noise  ina0.1-10Hz  Bandwidth 


50nV 

An/ 

LT20i*.M2/»3'TAI6 
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LTC201 A/LTC2Q2/LTC203 


APPLICATION  inFORfTIATIOn 

Bipolar  (AC)  Input  V->F  Converter 


INPUT 
±10V 


ITCM1M033O3-TAI2 
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 LTC201 A/LTC2Q2/LTC203 

nppucOTions  inFORmnnon 


MicropowerThermocouple  Temperature  to  Frequency  Converter 


XTffifig 
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LTC201 A/LTC202/LTC203 


nppucnuons  inFORmnnon 


Precision  Current  Sensing  in  Supply  Rails 


>H  »•    R SHUNT 

-VA- 


SHUNT  CAN  BE  IN 
POSITIVE  OR  NEGATIVE 
SUPPLY  LEAD 


■Jm] — [iiti]- — — [W3I--IW4]- 


74C14  1 
>1M!i  -L 


LTC2D3 


-INC 


-t—  VouT  r= 

=TZ1MF  + 


1000pF 


•IGNDf —  031  —  |IX 


+15V       -15V  — 


1J.F 


V,N  =  4.5V-20V 


Precision  Voltage  Divide  by  2  Circuit 


1MF 


-vout  =  vin'2 


-^\[ — [m}  —  fv»]  —  |nc] — -fv^)  [sL[  [kT|- — J&TJ- 

/  /  LTC203  /  / 


1fF 


330k£i 

-w»- 


/4U14 

-4n 


1MQ 

-wv — 6 


T 


)OmF 


:  TOOOpF 
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LTC221/LTC222 


TECHNOLOGY         Micropower,  Low  Charge 

Injection,  Quad  CMOS  Analog 


F€RTUR€S 

■  Micropower  Operation 

■  Single  5V  or  ±1 5V  Supply  Operation 

■  Low  Charge  Injection 

■  Low  Ron 

■  Low  Leakage 

■  Guaranteed  Break  Before  Make 

■  Latch  Resistant  Design 

■  TTL/CMOS  Compatible 

■  Improved  Second  Source  for  DG221/DG222 

■  Microprocessor  Bus  Compatible 

K€V  SPCCIFICOTIOnS 

■  Supply  Current  l+  =  40u.A,  l"=5pJ\Max 

■  Charge  Injection  (±15V  Supplies)         ±25pC  Max 

(Single  5V  Supply)  2pC  Typ 

-  Ron  65DTyp 

■  Signal  Range  +15V 


Switches  with  Data  Latches 
DCSCRIPTIOn 

The  LTC221  and  LTC222  are  micropower,  quad  CMOS 
analog  switches  whichtypically  dissipate  only  250u.Wfrom 
±1 5Vsupplies  and  40u.Wf  rom  a  single  5Vsupply.  Onboard 
latches  allow  the  LTC221  and  LTC222  to  interface  directly 
to  most  microprocessor  buses.  The  switches  have  65fi 
typical  on  resistance  and  a  very  high  off  resistance.  A  break 
before  make  characteristic  is  inherent  in  these  switches  to 
prevent  the  shorting  of  two  channels.  The  signal  range  is 
±15V  with  a  supply  voltage  of  ±15V  and  0V-5V  with  a 
single  5V  supply.  The  switches  have  special  charge  com- 
pensation circuitry  which  greatly  reduces  charge  injection 
to  a  maximum  of  ±25pC  (±1 5V  supplies). 

The  LTC221  and  LTC222  are  designed  for  applications 
such  as  microprocessor  controlled  programmable  gain 
amplifiers,  automatic  test  equipment,  communication 
systems,  and  data  acquisition  systems.  The  LTC221  is 
normally  closed  and  the  LTC222  is  normally  open  as 
shown  in  the  Logic  Table. 


typical  nppucmion 

Two-Channel,  12-Bit,  Self  Calibrating  Data  Acquisition  System 


ITC221/LTC222 


WR         f*  7  

JN4  >.     ^  £  L_ 


TO  MICROPROCESSOR 
e.g.  TMS320C25 
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LTC221/LTC222 


rbsolutc  mnximum  nnnnGs 

(Hotel) 

Voltages  Referenced  to  V  ~ 

V+  44V 

GND  25V 

Digital  Inputs,  S,  D  (Note  2)  -  2V  to  (V+  +  2V)  or 

20mA,  Whichever  Occurs  First 

Current 

Any  Input  Excepts  or  D  30mA 

Continuous  S  or  D  20mA 

Peak  S  or  D 

(Pulsed  at  1  ms,  1 0%  Duty  Cycle  Max)  70mA 

ESD  Susceptibility  (Note  3)  4kV 

Power  Dissipation  (Plastic)  500mW 

Power  Dissipation  (Ceramic)  900mW 

Operating  Temperature  Range 

LTC221C/LTC222C  0:  C  to  70°C 

LTC221 M/LTC222M  -  55  C  to  1 25  C 

Storage  Temperature  Range  -  65°C  to  1 50°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  inFORfflOTIOn 


TOP  VIEW 

ini  [T  {3iWrCj°  11 IN2 

S1  |T  -»  >—u\S2 
v-  [T  13]  v+ 

GND  [?  12]  WR 

S4  |T  -»  f-  H]  S3 

D4  fT       A  A       ^]  03 

iN4  r?  =|  y  ^  |°  j]  in3 


J  PACKAGE  N  PACKAGE 

16-LEAD  CERAMIC  DIP  16-LEAO  PLASTIC  DIP 
SO  PACKAGE 
16-LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LTC221MJ 
LTC221CJ 
LTC221CN 
LTC221CS 
LTC222MJ 
LTC222CJ 
LTC222CN 
LTC222CS 


LOGIC  TOftl€ 


INX 

WR 

LTC221 

LTC222 

0 

0 

On 

Off 

1 

0 

Off 

On 

X 

1 

Maintain  Previous  State 

Maintain  Previous  State 

DIGITAL  MID  DC  €L€CTRICflL  CHRRRCTCRISTICS 

V  +  =  +  15V,  V  -  =  -  15V,  GND  =  0V  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

LTC221 M/LTC222M 
MIN      TYP  MAX 

LTC221C/LTC222C 
MIN       TYP  MAX 

UNITS 

Analog  Signal  Range 

• 

±15 

±15 

V 

Ron 

VS  =  ±10V 
lp=  1mA 

Tmin 

90 

90 

£2 

25°C 

65  90 

65  90 

Tmax 

135 

135 

Off  Input  Leakage  ls  (OFF) 

Vp  =  ±14V,Vs  =  +  14V 

V|N  =  2.4V,  LTC221 
V|N  =  0.8V,  LTC222 

0  01  ±1 

0.01  ±5 

nA 

• 

±100 

±100 

Off  Output  Leakage  lD  (OFF) 

0.01  ±1 

0.01  ±5 

• 

±100 

±100 

On  Channel  Leakage  lD  (ON) 

VD  =  VS  =  ±14V,  V,N  =  2.4V,  LTC222 
V|N  =  0.8V.  LTC221 

0.02  ±1 

0.02  ±5 

nA 

• 

±200 

+  200 

Input  High  Voltage  V|NHl  Vwrh 

• 

2.4 

2.4 

V 

Input  Low  Voltage  V|NL.  Vwrl 

• 

0.8 

0.8 

V 

Input  High  or  Low  Current 
l|NH,  llNLr  IWRH,  KTfflL 

V|N  =  15V,  0V 
Vwr  =  15V,0V 

• 

±1 

±1 

HA 

Cs(OFF) 

5 

5 

PF 

Cp  (OFF) 

12 

12 

PF 

Cp.  CS  (ON) 

30 

30 

PF 

I* 

All  Channels  On  or  Off 
V|N  =  VwR  =  0Vor4.0V 

16  40 

16  40 

uA 

• 

60 

60 

I- 

0.1  5 

0.1  5 

• 

10 

10 
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LTC221/LTC222 


RC  €l€CTRICRl  CHRRRCTCRISTICS 

¥♦=+  15V,  V  "  =  -  15V,  GND  =  OV  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

LTC221 M/LTC222M 
MIN      TYP  MAX 

LTC221C/LTC222C 
MIN       TYP  MAX 

UNITS 

Ton 

VS  =  2V,  RL=1kfl,  CL  =  35pF 

290 

400 

290 

400 

ns 

Toff 

210 

300 

210 

300 

Topen 

20  85 

20 

85 

ns 

Off  Isolation 

Vs  =  2Vp-p,  RL=  1k£J 

75 

75 

dB 

Crosstalk 

f= 100kHz 

90 

90 

Charge  Injection  Q|Nj 

RGEN  =  0£i,  CL  =  1 0OOpF,  Vgen  =  0 

5 

±25 

8 

±25 

pC 

Total  Harmonic  Distortion  THD 

Vs  =  2Vp-p,RL=10k£2 

0.01 

0.01 

% 

Ton.WR 

VS  =  2V,  RL  =  1kO,  CL  =  35pF 

270 

400 

270 

400 

ns 

Toff.WR 

160 

300 

160 

300 

DIGITAL  ROD  DC  €l€CTRICRl  CHRRRCTCRISTICS 

V+  =  +  5V,  V  -  =  GND  =  0V  unless  otherwise  noted. 


PARAMETER 

CONDITIONS 

LTC221M/LTC222M 
MIN      TYP  MAX 

LTC221C/LTC222C 
MIN       TYP  MAX 

UNITS 

Analog  Signal  Range 

• 

0  5 

0  5 

V 

VS  =  +1.5V,  +3V 
lD  =  0.25mA 

Tmin 

450 

520 

n 

25°C 

280  450 

280  520 

Tmax 

650 

650 

Off  Input  Leakage  ls  (OFF) 

VD  =  4V,  1V;  VS  =  1V,  4V 
(Note  4) 

0.01  ±1 

0.01  ±5 

nA 

• 

±100 

±100 

Off  Output  Leakage  lD  (OFF) 

0.01  +1 

0.01  ±5 

• 

±100 

±100 

On  Channel  Leakage  Id  (ON) 

VD  =  VS  =  1V,  4V 
(Note  4) 

0.01  ±1 

0.01  +5 

nA 

• 

±200 

±200 

Input  High  Voltage  V|NH,  Vwrh 

• 

2.4 

2.4 

V 

Input  Low  Voltage  V|Nl,  Vwrl 

• 

0.8 

0.8 

V 

Input  High  or  Low  Current 
l|NH,  l|NL.  IWRH.  'WRL 

Vim  =  5V,  0V 
Vwr  =  5V,  0V 

• 

±1 

±1 

HA 

Cs(OFF) 

5 

5 

pF 

CD  (OFF) 

12 

12 

PF 

CD,CS(0N) 

30 

30 

PF 

I* 

All  Channels  On  or  Off 
V,N  =  VwR  =  0Vor4.0V 

8  20 

8  20 

pA 

• 

30 

30 
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LTC221/LTC222 


AC  €l€CTRICfil  CHARACTERISTICS  V^^V.V^GND^V  unless  otherwise  noted 


PARAMETER 

CONDITIONS 

LTC221M/LTC222M 
MIN       TYP  MAX 

LTC221C/LTC222C 
MIN        TYP  MAX 

UNITS 

Ton 

VS  =  2V,  RL  =  1kn,  CL  =  35pF 

450 

600 

450 

600 

ns 

Toff 

190 

300 

190 

300 

TOPEN 

100 

250 

100  250 

ns 

Off  Isolation 

Vs  =  2Vp-p,  RL  =  1k£2 

75 

75 

dB 

Crosstalk 

f  =  100kHz 

90 

90 

Charge  Injection  Q|NJ 

RGEN  =  OH,  CL  =  1000pF,  VGEN  ■  2-5V 

2 

2 

pC 

Total  Harmonic  Distortion  THD 

Vs  =  2Vp-p,  RL  =  10kn 

0.01 

0.01 

% 

Ton.WR 

VS  =  2V,  RL  =  1k£2,  CL  =  35pF 

430 

600 

430 

600 

ns 

Toff.WR 

160 

300 

160 

300 

The  •  denotes  the  specifications  which  apply  over  full  operating  Note  3:  In-circuit  ESD  on  the  switch  pins  (S  or  D)  exceeds  4kV  (see  test 

temperature  range.  All  other  limits  and  typicals  TA  =  25°C.  circuit). 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the  life  Note  4:  Leakage  current  with  a  5V  supply  is  guaranteed  by  correlation  with 

of  a  device  may  be  impaired.  the  +15V  leakage  current. 
Note  2:  Signals  on  S,  D,  or  IN  exceeding  V*  or  V"  will  be  clamped  by 
internal  diodes.  Limit  forward  diode  current  to  maximum  current  rating. 


TVPICRl  P€RFORmnnC€  CHRRRCTCRISTICS 


Ron  vs  Vs  Over  Supply  Voltage 


Ron  vs  Vs  Over  Temperature 


Ron  vs  Vs  Over  Temperature 


250 
200 

a  150 

.' 

o 

100 
50 
0 


-TA=25 
Id  =  1  nr 

'C 

lvSIIPplv=t5V,  0V 

A 

II 

F 

/ 

<^ 

H 

±20V 

-20  -16  -12  -8  -4   0     4     8    12  16 

VsM 


\ 

125°C 

25°C 

\ 

-5 

5*C 

_V< 

=  4.1 

5V  - 

"  Id  =  1 

5V 

nA 

-15  -12  -9  -6  -3    0     3     6     9    12  15 
VS(V) 


400 

g  300 
.— 

200 
100 

0 


V"  = 

)V 
)V 

It 

-1r 

nA 

12 

j°C 

25 

C 

55  C 

- 

LTCM1/7JJ  -  TPC02 


Positive  Supply  Current  vs 
Logic  Input  Voltage 


Positive  Supply  Current  vs 
Logic  Input  Voltage 


100 


ALL  LOGIC  INPUTS 

V*=15V  . 

'TIE 

3  TO 

3ETI 

ER 

V" 

=  -15V 

-Ta 

I 

AL 
"WF 

-Jin 

T!E 

TIE 
)  TO 

TO 
GPC 

SETH 
UNC 

ER 

\ 

I 

»  

= 

= 

12  15 


ViN  (V) 


0  1  2  3  4  5 

VS(V) 
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LTC221/LTC222 


nppucOTions  inFORmnnon 

Switching  Time  Test  Circuit 

Switch  output  waveform  shown  for  Vs  =  constant  with 
logic  input  waveform  as  shown.  Note  that  Vs  may  be  (+) 
or  (-)  as  per  switching  time  test  circuit.  V0  is  the  steady 


state  output  switch  on.  Feedthrough  via  gate  capacitance 
may  result  in  spikes  at  leading  and  trailing  edge  of  output 
waveform. 


LTC222 
LOGIC  INPUT  3V 
tr  <  20ns 
t(  <  20ns    OV  • 

LTC221 
LOGIC  INPUT  3V 
t,  <20ns 
t,  <  20ns  OV 

SWITCH  V, 
INPUT 


SWITCH 
OUTPUT 


OV  - 


Switching  Time  Test  Circuit 


LOGIC  "1"  =  SW  ON 


1 

L  50%  - 

LOGIC  "0"  =  SW  ON 
^50%  j 

\ 

t 

7 

mi 

'off 

r  0  9 

t0N 

(REPEAT  TEST  FOR  IN2,  IN3  AND  IN4) 


Charge  Injection  Test  Circuit 


1 


LTC221  INX 


LTC222 IN. 


ON//" 

ON 


OFF 


OFF 


"\  ON 

ON 

J~ 


4V0  IS  THE  MEASURED  VOLTAGE  ERROR  DUE  TO  CHARGE  INJECTION. 
THE  ERROR  VOLTAGE  IN  COULOMBS  IS  AO  =  CL  x  AV0. 

LTC22tffi22-TA0S 


OIRR-Off  Isolation  Test  Circuit 
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Auto  Ranging  an  8-Channel,  10-Bit  A/D  Converter 
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8-Channel,  14-Bit  A/D  Converter 
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(800) 637-5545. 
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MILITARY  PRODUCTS 


LINEAR  TECHNOLOGY  MILITARY  PRODUCTS/ 
PROGRAMS 

Linear  Technology  Corporation  (LTC)  offers  a  com- 
prehensive range  of  high  performance  analog/linear 
integrated  circuits  including;  Data  Converters,  Interface 
devices,  High  Speed  Amplifiers,  Precision  Operational 
Amplifiers,  Comparators,  Voltage  References,  DC-DC 
Converters,  Switches,  Voltage  Regulators,  Switching 
Regulators,  PWMs,  and  other  special  function  products 
serving  the  rigorous  demands  of  the  military  marketplace. 

The  Company's  specification  system,  quality  procedures 
and  policies  were  set  up  from  the  beginning  to  meet  the 
exacting  demands  of  MIL-Q-9858  (Quality  Program 
Requirements),  MIL-l-45208  (Inspection  System 
Requirements),  MIL-M-38510  (General  Specification  for 
Microcircuits),  MIL-STD-976  (Certification  Requirements 
for  Microcircuits),  MIL-STD-883  (Test  Methods  and 
Procedures  for  Microelectronics)  and  more  recently  the 
ISO  9000  (Internal  Standards  for  Quality  Management). 

In  addition,  the  Company  has  introduced  a  line  of  radiation 
tolerant  devices  which  are  offered  with  three  different  in- 
house  levels  of  enhanced  reliability  processing  to  serve 
ground,  air  and/or  space  applications,  including  customer 
generated  Source  Controlled  Drawings  (SCDs)  for  a  vari- 
ety of  missions. 

LTC's  military  programs  include: 

•  JAN  Class  S 

•  JAN  Class  B 

•  Standard  Military  Drawings  (SMDs) 

•  883 

•  Hi-Rel  (SCDs) 

•  LTC  "RH",  Radiation  hardened  devices 


LTC  JAN 

At  the  end  of  1 969,  the  Solid  State  Applications  Branch  of 
the  Rome  Air  Development  Center  (RADC)  issued  the  first 
copy  of  MIL-M-38510.  This  general  specification 
for  microcircuits  established  the  procedures  that  a 
manufacturer  must  follow  to  have  products  listed  on  the 
Qualified  Parts  List  (QPL). 

One  major  problem  faced  by  defense  contractors  using 
semiconductor  devices  was  the  inability  to  interchange 
devices  caused  by  a  proliferation  of  non-standard  electrical 
specifications.  The  38510  (JAN)  program  addressed  this 
problem  by  publishing  detailed  electrical  specifications 
(slash  sheets)  for  each  componentto  be  listed  on  the  QPL. 

JAN  devices  are  completely  processed  in  the  United  States 
or  its  territories  and  all  wafer  fabrication,  wafer  sort, 
assembly,  testing,  and  conformance  testing  are  performed 
onshore. 

In  August  1984,  LTC  was  visited  by  a  team  of  Defense 
Electronics  Supply  Center  (DESC)  personnel.  This  team 
spent  almost  four  days  auditing  LTC  and  at  the  end  of  the 
visit  they  awarded  the  Company  "Class  B  Line  Certifica- 
tion." This  was  a  first  for  any  company  to  receive  this 
distinction  on  their  first  audit! 

In  early  1985,  LTC  joined  the  ranks  of  the  eighteen 
existing  QPL  suppliers.  Of  these  eighteen,  only  a  handful 
of  suppliers  participate  in  the  linear  military  JAN  market. 
LTC  believes  its  analog  design  experience  and  manufac- 
turing strength  has  and  will  continue  to  make  significant 
contributions  to  this  market. 
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LTC 's  first  QPL  listing  was  achieved  in  February  1 985,  one 
year  after  the  Company  made  JAN  Class  B  a  corporate 
goal.  Other  companies  have  typically  taken  2  to  3  years  to 
achieve  this  status.  The  line  certification  and  QPL  approv- 
als were  awarded  to  MIL-M-38510  and  MiL-STD-883 
Rev.C  specifications.  Since  that  time  the  Company  has 
been  re-audited  to  the  latest  revisions  of  these  specifica- 
tions and  has  maintained  an  uninterrupted  certification 
record  for  the  manufacture  of  JAN  QPL  products. 

In  November  1 987,  LTC  was  audited  by  a  team  from  DESC, 
Naval  Weapons  Support  Center  and  Aerospace  Corpora- 
tion and  was  awarded  "Class  S  Line  Certification." 

LTC 's  policy  of  providing  JAN  linear  components  supports 
the  United  States  Government's  position  of  standardization 
to  decrease  the  number  of  active  part  types  maintained  by 
DESC.  This  number  is  currently  in  excess  of  85,000  for  all 
types  of  components  (contrasted  to  approximately  8,000 
industry  standard  components).  Standardization  will  clearly 
decrease  costs  and  assist  in  the  maintenance  of  military 
weapons  systems  and  equipment  now  in  the  field. 


LTC  maintains  an  aggressive  program  to  expand  its  JAN 
product  offerings  such  that  LTC  now  offers  45  products 
listed  on  the  Class  B  Qualified  Parts  List  (Part  1)  and  40 
products  on  the  Class  S  Qualified  Parts  List  (Parts  1  and 
2).  To  receive  an  updated  copy  of  LTC's  current  JAN  QPL 
product  offering,  contact  your  local  LTC  sales  office  or  LTC 
Military  Marketing. 

For  JAN  Flows  see  Figure  1  and  Figure  2. 

LTC  Standard  Military  Drawings 

DESC  drawings  were  initiated  in  1976  to  standardize  the 
electrical  requirements  for  full  temperature-tested  mili- 
tary components.  These  DESC  drawings  (or  minispecs) 
were  initially  issued  for  low  power  Schottky  devices  (54LS) 
used  by  defense  subcontractors  on  the  Air  Force's  F16. 
The  program  accomplished  standardization  of  testing, 
without  the  delays  associated  with  the  qualification  pro- 
cess for  JAN  components. 


WAFER  FABRICATION  AND 
DEVICE  ASSEMBLY 


PRESEAL INTERNAL 
VISUAL  MIL-STD-883, 

METHOD  2010 
CONDITION  B  100% 


_L 


SEAL 


100% 


STABILIZATION  BAKE 
MIL-STD-883,  METHOD 
1008  CONDITION  C 
100% 


TEMPERATURE  CYCLING 
MIL-STD-883,  METHOD 
1010  CONDITION  C 
100% 


L 


CONSTANT  ACCELERATION 

MIL-STD-883, 
METHOD  2001  (Y1  ONLY) 
CONDITION  E  100% 


X 


25°C  ELECTRICAL  TEST 
100% 


BURN-IN 
160  HOURS  AT  125°C 
(OR  EQUIVALENT)  100% 


ELECTRICAL  TEST 
25"C,  125°C,-55°C 
100%  PER  APPLICABLE 
MIL-M-38510  SLASH  SHEET 


SOLDERDIP  IF  APPLICABLE 
100% 


ELECTRICAL 
100% 


FINE  LEAK  TEST 
MIL-STD-883, 
METHOD  1014 
CONDITION  A  100% 


GROSS  LEAK  TEST 
MIL-STD-883, 
METHOD  1014 
CONDITION  C  100% 


GROUP  A.  ACCEPTANCE 
MIL-STD-883,  METHOD 
5005  TABLE  1,  PER 
APPLICABLE  MIL-M-38510 
SLASH  SHEET 


EXTERNAL  VISUAL 
MIL-STD-883, 
METHOD  2009  100% 


LOT  QUALIFICATION 
(QCI)  MIL-STD-883, 

METHOD  5005 
GROUP  B,C,  AND  D 
GROUP  B  PERFORMED  ON  EACH  LOT 


Figure  1.  MIL-M-38510  Class  B  Flow 
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WAFER  FABRICATION  AND 

DEVICE  ASSEMBLY 
WAFER  LOT  ACCEPTANCE 
MIL-STD-883, 
METHOD  5007 


NONDESTRUCTIVE  BOND 

PULL  MIL-STD-883, 
METHOD  2023  100% 


PRESEAL INTERNAL 
VISUAL  MIL-STD-883, 

METHOD  2010 
CONDITION  A  100% 
I 


SEAL 


100% 


STABILIZATION  BAKE 
MIL-STD-883,  METHOD 
1008  CONDITION  C 
100% 


TEMPERATURE  CYCLING 
MIL-STD-883.  METHOD 
1010  CONDITION  C 
100% 
I  ~ 


CONSTANT  ACCELERATION 

MIL-STD-883, 
METHOD  2001  (Y1  ONLY) 
CONDITION  E  100% 


PARTICLE  IMPACT  NOISE  DETECTION 
(PIND)  MIL-STD-883,  METHOD  2020 
CONDITION  A  100% 


25'C  ELECTRICAL  TEST 
100% 


T 


BURN-IN  72  HOURS 
AT  1S0*C  STATIC 
PER  APPLICABLE 

MIL-M-38510  SLASH 
SHEET  100% 


25°C  ELECTRICAL  TEST 
100% 


BURN-IN  DYNAMIC 
240  HOURS  AT  125°C  (OR 

EQUIVALENT)  PER 
APPLICABLE  MIL-M-38510 
SLASH  SHEET 


25"C  ELECTRICAL  TEST 
READ  AND  RECORD  PER 
APPLICABLE  MIL-M-38510 
SLASH  SHEET  100% 


125°C,-55°C  AND  AC 
TESTING  PER  APPLICABLE 
MIL-M-38510  SLASH  SHEET 
100% 
 1 


SOLDERDIP  IF  APPLICABLE 
100% 


ELECTRICAL  3RD  ROOM 
25°C  100% 


X-RAY  MIL-STD-883. 
METHOD  2010  100% 


GROUP  A,  ACCEPTANCE 
MIL-STD-883,  METHOD 
5005  TABLE  1,  PER 
APPLICABLE  MIL-M-38510 
SLASH  SHEET 


FINE  LEAK  TEST 
MIL-STD-883, 
METHOD  1014 
CONDITION  A  100% 


GROSS  LEAK  TEST 
MIL-STD-883, 
METHOD  1014 
CONDITION  C  100% 


EXTERNAL  VISUAL 
MIL-STD-883, 
METHOD  2009  100% 


LOT  QUALIFICATION 
(QCI)  MIL-STD-883, 
METHOD  5005 
GROUP  B  AND  D 


Figure  2.  MIL-M-38510  Class  S  Flow 


The  DESC  drawing  was  viewed  as  a  preliminary  specifica- 
tion prior  to  JAN  approval,  and  it  ranks  second  in  the  order 
of  purchasing  hierarchy  to  JAN.  This  order  is  defined  in 
Requirement  64  of  MIL-STD-454.  If  a  JAN  part  is  available, 
it  is  still  preferred,  however,  there  are  many  types  of 
devices  where  the  volume  is  such  that  the  cost  of  afull  JAN 
qualification  may  not  be  justified,  but  where  a  need  exists 
for  electrical  standardization. 

CMOS  and  analog  circuits  were  added  to  the  DESC  Draw- 
ing Program  in  1977,  1978  and  1979,  but  widespread 


acceptance  of  these  parts  was  not  achieved.  Today  with 
more  emphasis  being  placed  on  standardization,  the  inter- 
est level  in  DESC  drawings  has  accelerated.  This  category 
of  product  can  be  built  offshore  with  883-level  processing 
and  the  electrical  parameters  are  tested  specifically  to  the 
DESC  drawing. 

To  provide  parts  to  a  DESC  drawing,  a  manufacturer  has 
to  have  at  least  one  part  on  the  3851 0  QPL.  He  must  also 
provide  DESC  with  a  certificate  of  compliance  agreeing  to 
the  tests  and  conditions  listed  on  the  drawing. 
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CONTRACTOR  SUBMITS  5962  PART 
REQUEST  TO  DESC  MPCAG 


DESC  MPCAG  REVIEWS  REQUEST 


DESC  ASSIGNS  DRAWING  NUMBER, 
RETURNS  EVALUATION  AND 
PREPARATION  PACKAGE  TO  CONTRACTOR 


CONTRACTOR  DRAWING  IN 
ACCORDANCE  WITH  CONTRACT 


CONTRACTOR/MANUFACTURER  PREPARES 
PRELIMINARY  DRAFT 


CONTRACTOR/MANUFACTURER  SUBMITS 
PRELIMINARY  DRAFT  TO  DESC 


DESC  REVIEWS  PRELIMINARY  DRAFT 
AND  PROVIDES  RECOMMENDED  CHANGES 


CONTRACTOR/MANUFACTURER,  DESC 
RESOLVE  COMMENTS 


CONTRACTOR  INCORPORATES  CHANGES 
AND  SENDS  DRAFT  WITH  C  OF  C  TO 
DEVICE  MANUFACTURERS 

I 


CONTRACTOR  RETURNS  REVISED  DRAFT 
PACKAGE  TO  DESC 


DEVICE  MANUFACTURER  SENDS  COMMENTS 
REGARDING  DRAFT  TO  CONTRACTOR 
AND  COPIES  TO  DESC 


DEVICE,  CONTRACTOR,  AND  DEVICE 
MANUFACTURERS  RESOLVE  COMMENTS 
AND  SEND  THE  C  OF  C  TO  CONTRACTOR 
AND  DESC" 


DESC  PREPARES,  APPROVES  AND 
DATES  FINAL  MIL  DRAWING 


ADVANCE  COPIES  SENT  TO  CONTRACTOR 
AND  DEVICE  MANUFACTURERS 


MIL  DRAWING  IS  REPRODUCED  AND 
DISTRIBUTED  BY  DESC 


•CONTRACTOR  SHALL  ALSO  SUBMIT  A  LIST 
OF  ALTERNATE  SOURCES  TO  DESC-ECS 
AT  TIME  OF  SUBMISSION  OFCOFC 


Figure  3.  SMD  Preparation  Flowchart 


In  1 986  a  new  program  named  Standard  Military  Drawings 
(SMDs)  was  launched  by  DESC,  This  replaced  the  previ- 
ous DESC  Drawing  Program.  This  new  program  is  aimed 
directly  at  standardizing  electrical  requirements  with  the 
objective  to  decrease  the  time  required  to  issue  a  military 
drawing.  To  achieve  this,  we  have  set  up  a  computer 
link-up  with  the  DESC  Standardized  Mil  Drawing  Group. 
LTC  is  actively  supporting  this  Standard  Military  Drawing 
program  and  we  are  working  closely  with  DESC  and  OEMs 
to  participate  in  this  government  plan  toward  a  greater 
level  of  standardization  in  military  specifications. 

LTC  has  over  134  devices  listed  on  DESC  and  Mil  draw- 
ings, and  we  are  actively  supporting  these  standardization 
programs  by  having  parts  available  off  the  shelf  from  LTC 
and  from  distribution  outlets. 

For  SMD  Flow  see  Figure  3. 

SMDs  Get  A  New  Part  Numbering  System 

A  new  numbering  system  has  been  introduced  to  stan- 
dardize the  part  numbering  system  for  JAN  38510  and 
SMD  (Standard  Military  Drawing)  products. 


Under  the  new  system,  the  SMD  number  5962- 
XXXXXZZQYY  will  be  used,  with  a  minor  change  for  the 
38510  qual'd  devices.  This  will  make  one  part  have  one 
part  number  with  just  the  grade  identification  being 
different  (M  =  SMD,  B  =  JAN  B  and  S  =  JAN  S).  An  example 
of  this  follows: 


Old  System 


LTC  PART  NUMBER 

"OLD"  SMD  NO.     JAN  PART  NUMBER 

LT1021CMH-5/883 

5962-8876202GA  JM38510/12407BGA 

New  System 

LTC  PART  NUMBER 

"NEW"  SMD  ONE  PART  NUMBER  SYSTEM 

LT1021CMH-5/883 

5962-8876202(M,  B  or  S)GA 

This  was  implemented  on  January  1 , 1 990,  for  all  SMDs 
and  slash  sheets  created  after  this  date.  Devices  listed  or 
approved  in  the  past  will  retain  their  respective  existing 
part  numbers. 
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LTC  MIL-STD-883  Product 

The  semicondutcor  industry  883  designation  on  military 
semiconductor  components  established  a  defacto  stan- 
dard in  response  to  a  signiirant  demand  from  the  military 
defense  contractors.  The  Government  recognized  the 
existence  of  883  components  in  the  recent  revisions  of 
MIL-STD-883  and  MIL-M-38510,  and  the  requirements 
for  compliant  883  components  are  now  defined  very 
specifically  in  these  documents. 

MIL-STD-883  isatest  procedures  and  methods  document 
which  is  revised  periodically  and  defines  the  conditions 
for  two  categories  of  product,  Class  B  and  Class  S.  Class 
B  is  intended  for  applications  where  maintenance  is  difficult 
or  expensive  and  where  reliability  is  vital.  Class  S  is 
intended  for  space  and  critical  applications  where 
replacement  is  extremely  difficult  or  impossible  and  where 
reliability  is  imperative. 

On  December  31, 1984,  a  key  clause  was  added  to  MIL- 
STD-883  Rev.  C,  "paragraph  1.2.1."  This  states  that  if  a 
manufacturer  advertises,  certifies,  or  marks  parts  as  com- 
pliant with  MIL-STD-883  those  parts  must  meet  all  of  the 
provisions  of  MIL-STD-883,  a  practice  consistent  with 
"Truth  in  Advertising." 

According  to  the  Defense  Electronics  Supply  Center  (a 
branch  of  the  Defense  Department's  Logistics  Agency), 
the  intent  of  paragraph  1.2.1  was  to  link  MIL-STD-883 
witri  the  controls  and  details  contained  in  MIL-M-38510. 

LTC  can  state  that  all  of  its  883  products  are  in  full 
compliance  with  the  latest  revision  of  MIL-STD-883.  We 
have  over  333  versions  of  our  883  products  listed  in  our 
current  catalog,  including  operational  amplifiers,  voltage 
regulators,  voltage  references,  comparators,  and  our  ad- 
vanced line  of  proprietary  CMOS  circuits. 


Table  1.  LTC  883 

jroup  A  Samplin 

g  Plan 

883C 

TEST 

CONDITION 

SAMPLE  SIZE 

LTPD 

DC  Parametric 

TA  =  25°C 

116 

2.0% 

DC  Parametric 

TA  =  -55°C 

116 

2.0% 

+125°C 

116 

2.0% 

AC  Parametric 

TA  =  25°C 

116 

2.0% 

LTC  Hi-Rel  (SCDs) 

LTC  recognizes  the  need  for  Source  Controlled  Drawings 
(SCDs)  and  the  Company's  DESC-certified  line  is  well 
equipped  to  handle  these  requirements  for  space  and 
hi-rel  applications.  The  Company  has  a  comprehensive 
specification  review  procedure  and  emphasis  is  placed  on 
compliance  to  test  methods  and  procedures.  Over  8,000 
specifications  have  been  reviewed  to  date  with  fast  feedback 
to  our  customers. 

LTC  has  serviced  SCD  orders  including  "S"  level  specifica- 
tions with  an  emphasis  on  compliance  with  customer 
purchase  order  requirements  and  on-time  delivery  perfor- 
mance. A  dedicated  SL  traveller  is  initiated  to  baseline 
the  manufacturing  and  test  flow  requirements  to  service 
each  order. 

LTC's  Product  Marketing  Group  can  provide  you  with 
more  details  on  a  case-by-case  basis. 

LTC's  Radiation  Hardness  Program 

LTC  has  developed  a  proprietary  design/wafer  fabrication 
process  for  RAD  HARD  (RH  prefix)  products,  comple- 
mented by  a  separate  set  of  RH  data  sheets.  Each  RH  data 
sheet  specifies  the  end  point  electrical  test  requirements 
for  Total  Dose  irradiation  testing  performed  on  a  sample 
basis  in  accordance  with  MIL-STD-883  Method  1 01 9.  We 
offer  in  certain  cases,  the  option  of  using  the  slash  sheet 
electricals  for  the  pre-radiation  test  limits  instead  of  the 
LTC  RH  data  sheet  electricals.  But  in  all  cases  the  post- 
radiation  electricals  are  per  LTC's  RH  data  sheets. 

Due  to  the  unique  wafer  processing  required  to  make  RH 
products,  the  RH  products  are  not  totally  compliant  with 
all  the  Class  S  requirements  of  MIL-STD-883.  Since  MIL- 
STD-883  specifically  prohibits  the  marking  of  non- 
compliant  products  with  the  883C  compliance  indicator, 
LTC's  RH  products  are  marked  with  the  LTC  RH  prefix  part 
number  or  with  a  special  mark  specified  by  the  customer. 

Military  Market  Commitment 

LTC  is  a  focused,  dedicated  company  servicing  the  needs 
of  the  linear  military  marketplace.  We  are  shipping  to  the 
top  U.S.  defense  electronics  contractors  who  have  quali- 
fied and  approved  our  products.  LTC  is  committed  to 
being  the  best  and  most  proficient  high  quality  supplier  of 
analog  military  components. 


MILITARY  PRODUCTS 


883  CERTIFICATE  OF  CONFORMANCE  —  LEVEL  B 


LTC  Part  Number  _ 
Lot  Traceability  No. . 
Purchase  Order  No. . 

Customer  Name  

Date  Code  

Group  A  =  





QUALITY  ASSURANCE  INSPECTOR 

DATE 

SIGNATURE 

P/N. 


Qty 


Shipper* 


Traveller  Lot  # 


Group  B : 


Group  C : 


Group  D : 


Group  B/3  Re-Inspection  Date,  If  Applicable 


LINEAR  TECHNOLOGY  CORPORATION  HEREBY  DECLARES  THAT  THE  COMPONENTS  SPECIFIED  ON  THE  ABOVE 
PURCHASE  ORDER  COMPLY  WITH  YOUR  SPECIFICATIONS  AND  REQUIREMENTS  OF  MIL-STD-883  REV  C.  ALL 
SUPPORTING  DOCUMENTATION  AND  RECORDS  ARE  RETAINED  ON  FILE  BY  LTC  AND  ARE  AVAILABLE  FOR 
INSPECTION.  THE  MAJOR  ELEMENTS  OF  THE  883C  PROGRAM  ARE  SHOWN  BELOW. 


Operation 

Internal  Visual 
Stabilization  Bake 
Temperature  Cycling 
Constant  Acceleration 
Fine  Leak 
Gross  Leak 

Final  Electrical 


QA  Acceptance 
Quality  Conformance 


Screening  Procedure  MIL-STD-883C,  Method  5004 

Method  2010,  Condition  B 
Method  1008,  Condition  C 

Method  1010,  Condition  C,  10  cycles  -65°C  to  150°C 
Method  2001,  Condition  E,  30k  g  Y1  axis  (TO-3  PKG  at  20k  g) 
Method  1014,  Condition  A 
Method  1014,  Condition  C 
Method  1 01 5, 1 60  hrs  at  1 25°C  (or  equivalent) 

+25°C  DC  (per  LTC  Data  Sheet)  PDA  =  5% 

+125°CoM50°C  DC 

-55°C  DC 

+25°C  AC 
Method  5005  Group  A  (sample/lot) 
Group  B  (sample/lot) 

Group  C  (sample  every  3  months/Generic  Group) 
Group  D  (sample  every  6  months/Package  Type) 

Method  2009 


External  Visual 

NOTE:  Each  operation  is  performed  on  a  100%  basis  unless  otherwise  stated. 

LINEAR  TECHNOLOGY  CORPORATION 
1630  McCarthy  Blvd. 
Milpitas,  CA  95035-7487 


FORM  No.  00-03-6072 
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MILITARY  PRODUCTS 


LINEAR  TECHNOLOGY  CORPORATION 
1630  McCarthy  Blvd. 
Milpitas,  CA  95035-7487 

GROUP  A  DATA 

Mil-Std-883,  METHOD  5005 


LTC  P/N:   LOT  #:  

GENERIC  TYPE:    PKG:    DATE  CODE:  

ASSEMBLY  LOC:  


ACC 
# 

s/s 

# 

FAILED 

DATE 
TESTED 

OPER 
NUMBER 

SUBGROUP  1 

Static  tests  at  25°C 

0 

116 

SUBGROUP  2 

Static  tests  at  maximum  rated  operating 
temperature 

0 

116 

SUBGROUP  3 

Static  tests  at  minimum  rated  operating 
temperature 

0 

116 

SUBGROUP  4 

Dynamic  tests  at  25°C 

0 

116 

SUBGROUP  5 

Dynamic  tests  at  maximum  rated  operating 
temperature 

0 

116 

SUBGROUP  6 

Dynamic  tests  at  minimum  rated  operating 
temperature 

0 

116 

SUBGROUP  7 

Functional  tests  at  25°C 

0 

m\ 

SUBGROUP  8 

Functional  tests  at  maximum  and  minimum 
operating  temperature 

0 

116 

SUBGROUP  9 

Switching  tests  at  25°C 

0 

116 

SUBGROUP  10 

Switching  tests  at  maximum  rated  operating 
temperature 

0 

116 

SUBGROUP  11 

Switching  tests  at  minimum  rated  operating 
temperature 

0 

116 

QA  APPROVAL:   DATE: 


FORM  No.  00-03-6037 


MILITARY  PRODUCTS 


LINEAR  TECHNOLOGY  CORPORATION 
1630  McCarthy  Blvd. 
Milpitas,  CA  95035-7487 


GROUP  B  DATA  (Class  B) 

Mil-Std-883,  METHOD  5005 


3 


LTC  P/N:  

GENERIC  TYPE:  . 
ASSEMBLY  LOC: 


LOT#: 
PKG: 


DATE  CODE: 


TEST 

METHOD 

CONDITION 

LTPD 

ACC 
# 

s/s 

* 

FAILED 

DATE 
TESTER 

OPER 
+  * 

SUBGROUP  2 

Resistance  to  Solvents 

2015 

0 

4 

SUBGROUP  3 

Solderability 

2003 

Soldering  Temp,  of 
245°C  ±  5°C 

10 

SUBGROUP  5 

Bond  Strength 

2011 

CorD 

15 

QA  APPROVAL: 


DATE:_ 


FORM  No.  00-03-6006 


LINEAR  TECHNOLOGY  CORPORATION 
1630  McCarthy  Blvd. 
Milpitas,  CA  95035-7487 

GROUP  C  DATA  (Class  B) 

Mil-Std-883,  METHOD  5005 

LOT  #:  

PKG:    DATE  CODE: 


LTC  P/N:  

GENERIC  TYPE: 
CT.  GROUP:  
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MILITARY  PRODUCTS 


LINEAR  TECHNOLOGY  CORPORATION 
1630  McCarthy  Blvd. 
Milpitas,  CA  95035-7487 


GROUP  B  DATA  (Class  S) 

Mil-Std-883,  METHOD  5005 


LTC  P/N:  

GENERIC  TYPE: 
ASSEMBLY  LOC: 


LOT#: 
PKG: 


DATE  CODE: 





TEST 

METHOD 

CONDITION 

LTPD 

ACC 
# 

s/s 

# 

FAILED 

DATE 
TESTED 

OPER 
# 

SUBGROUP  1 

Physical  Dimensions 
Internal  Water-Vapor 
Content 

2016 
1018 

5000  ppm  Max 

0 

3 

SUBGROUP  2 

Resistance  to  Solvents 
Internal  Visual  and 

Mechanical 
Bond  Strength 
Die  Shear  Test 

2015 
2013, 
2014 
2011 
2019 

Design  and  Construction 
Requirements 
C  or  D 

10 

0 
0 

0 
0 

4 

2 

22  Wires 
3 

Solderability 

2003 
or  2022 

Soldering  Temp,  of 
245°C  ±5°C 

10 

0 

22  Leads 

SUBGROUP  4 

Lead  Integrity 
Seal 

Fine 

Gross 
Lid  Torque 

2004 
1014 

2024 

B2  (Lead  Fatigue) 
Glass  Frit  Seal  Only 

5 

0 

45  Leads 

SUBGROUP  5 

Electrical  End-Points 
Steady  State  Life 
Electrical  End-Points 

1005 

Test* 
C,  D,  or  E 
Test* 

5 

0 

45 

SUBGROUP  6 

Electrical  End-Points 
Temperature  Cycling 
Constant  Acceleration 
Seal 

Fine 

Gross 
Electrical  End-Points 

1010 
2001 
1014 

Test* 
C  1 00  Cycles 
E  Y,  Only 

Test* 

15 

0 

15 

SUBGROUP  7 

ESD  Classification 

3015 

Qual  or  Re-Design 
Only 

15 

N/A 

QA  APPROVAL: 


DATE: 


MILITARY  PRODUCTS 


LINEAR  TECHNOLOGY  CORPORATION 
1630  McCarthy  Blvd. 
Milpitas,  CA  95035-7487 

GROUP  D  DATA  (Class  B  or  S) 

Mil-Std-883,  METHOD  5005 

LTC  P/N:   LOT  #:  

GENERIC  TYPE:    PKG:    DATE  CODE: 

ASSEMBLY  LOC:  


TEST 

METHOD 

CONDITION 

LTPD 

ACC 
# 

S/S 

# 

FAILED 

DATE 
TESTED 

OPER 
# 

SUBGROUP  1 

Physical  Dimensions 

2016 

15 

0 

15 

SUBGROUP  2 

Lead  Integrity 

Fine  Leak 
Gross  Leak 

2004 

1014 
1014 

B2  (Lead  Fatigue) 

5 

0 

45  Leads 

SUBGROUP  3 

Thermal  Shock 
Temperature  Cycle 
Moisture  Resistance 
Fine  Leak 
Gross  Leak 
Visual  Examination 

Electrical  End-Points 

1011 
1010 
1004 
1014 
1014 
1004/ 
1010 

B             15  Cycles 
C           100  Cycles 

Test# 

15 

0 

15 

SUBGROUP  4 

Mechanical  Shock 
Vibration  Variables- 
Frequency 
Constant  Acceleration 
Fine  Leak 
Gross  Leak 
Visual  Examination 

Electrical  End-Points 

2002 
2007 

2001 
1014 
1014 
1010/ 
1011 

B 
A 

E               Y1  Only 
Test# 

15 

1 

0 

0 

15 

SUBGROUP  5 

Salt  Atmosphere 
Fine  Leak 
Gross  Leak 
Visual  Examination 

1009 
1014 
1014 
1009 

A 

Visual  Criteria 

15 

0 

15 

SUBGROUP  6 

Internal  Water-Vapor 

1018 

5000  ppm  Max 

0 

3 

SUBGROUP  7 

Adhesion  of  Lead  Finish 

2025 

15 

0 

15 

SUBGROUP  8 

Lid  Torque 

2024 

Glass  Frit  Seal  Only 

0 

5 

QA  APPROVAL:    DATE:  

FORM  No.  00-03-6008 
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 MILITARY  PRODUCTS 

MILITARY  PARTS  LIST 


JAN  S  QPL  JM38510/10103SGA  (LM101AH) 

JM38510/10103SHA  (LM101AW) 
JM38510/10103SPA(LM101AJ8) 
JM38510/10104SCA(LM108AJ) 
JM38510/10104SGA(LM108AH) 
JM38510/10104SHA(LM108AW) 
JM38510/10104SPA{LM108AJ8) 
JM38510/10304SGA(LM111H) 


JM3851 0/1 0306SCA  (LM1 1 9J) 
JM38510/10306SIA  (LM119H) 
JM3B510/10306SHA(LM119W) 
JM3851 0/1 0307SCA  {LM119AJ) 
JM3851 0/1 0307SIA  (LM 1 1 9AH) 
JM38510/10307SHA(LM119AW) 
JM38510/11402SGA  (LF156H) 
JM3851 0/1 1 404SGA  (LF1 55AH) 


JM3851 0/1 1 405SGA  (LF1 56AH) 
JM38610/11703SXA  (LM117H) 
JM3851 0/1 1 704SYA  (LM1 1 7K) 
JM38510/11803SXA(LM137H) 
JM38510/11804SYA(LM137K) 
JM38510/12407SGA  (LT1021-5H) 
JM38510/12409SGA  (LT1021-10H) 
JM38510/12501SGA  (LF198H) 


JM33510/12601SEA  (LT1524J) 
JM36510/13501SGA(OP07AH) 
JM38510/13501SPA  (OP07AJ8) 
JM38510/13502SGA(OP07H) 
JM38510/13502SPA(OP07J8) 
JM38510/13503SGA  (OP27AH) 
JM38510/13503SPA  (OP27AJ8) 
JM38510/14802SXA  (LT1009H3) 


JAN  B  QPL  JM38510/10103BCA  (LM101AJ) 

JM38510/10103BGA  (LM101AH) 
JM38510/10103BHA  (LM101AW) 
JM38510/10103BPA  (LM101AJ8) 
JM38510/10104BCA(LM108AJ) 
JM38510/10104BGA(LM108AH) 
JM3851 0/1 01 04BPA  (LM108AJ8) 
JM38510/10106BEA  (LH2108AD) 
JM385 1 0/1 01 07BCA  (LM1 1 8J) 
JM38510/10107BGA  (LM118H) 
JM38510/10107BHA(LM118W) 
JM38510/10107BPA{LM118J8) 


JM38510/10304BGA(IM11H) 
JM38510/10306BIA  (LM119H) 
JM38510/10306BCA  (LM119J) 
JM38510/103068HA  (LM119W) 
JM38510/10307BCA(LM119AJ) 
JM38510/10307BIA  (LM119AH) 
JM38510/10307BHA  (LM119AW) 
JM38510/11401BGA  (LF155H) 
JM3851 0/1 1401BPA  (LF1 56J8) 
JM38510/11402BGA  (LF156H) 
JM38510/11402BHA  (LF156W) 
JM38510/11402BPA  (LF156J8) 


JM38510/11404BGA  (LF155AH) 
JM38510/11404BPA  (LF155AJ8) 
JM38510/114O5BGA  (LF156AH) 
JM3851 0/1 1 405BHA  (LF1 56W) 
JM38510/11405BPA  (LF156AJ8) 
JM38510/11703BXA  (LM117H) 
JM3851 0/1 1 704BYA  (LM1 17K) 
JM38510/11706BVA(LM138K 
JM3851 0/1 1 803BXA  (LM137H) 
JM38510/11804BYA(LM137K) 
JM38510/12407BGA  (LT1021-5H) 
JM3851 0/1 2409BGA  (LT1021-10H) 


JM38510/12501BGA  (LF198H) 
JM3851 0/1 2S01 BEA  (SG1 524J) 
JM38510/13501BGA(OP07AH) 
JM38510/135018PA(OP07AJ8) 
JM38510/13502BGA(OP07H) 
JM3851 0/1 3502BPA  (OP07J8I 
JM38510/13503BGA  (OP27AH) 
JM38510/13503BPA  (0P27AJ8) 
JM38510/14802BXA(LT1009H) 


DESC  Drawings  7703401XA(LM117H) 

7703401YA(LM117K) 

7703402XA(LM117HVH) 

7703402YA(LM117HVK) 

7703403XA(LM137H) 

7703403YA(LM137K) 

7703404XA  (LM137HVH) 

7703404YA  (LM137HVK) 


7703405XA(LT117AH) 

7703405YA(LT117AK) 

7703406XA(LT137AH) 

7703406YA(LT137AK) 

7703407XA{LT117AHVH) 

7703407YA(LT117AHVK) 

7703408XA(LT137AHVH) 

7703408YA(LT137AHVK) 


7802801  EA(SG1524J) 
8203601  GA(OP07AH) 
8203601  PA  (OP07AJ8) 
8203602GA  (OP07H) 
8203602PA  (OP07J8) 
8418001  XA(LM136AH-2.5) 
8551401  GA(REF02AH) 
8551401PA(REF02AJ8) 


8551501VA  (LT1526J) 
8601401CA  (LM119J) 
8601401HA(LM"9W) 
8601 401  IA(LM119H) 
8601402CA(LT119AJ} 
8601402HA(IT119AW) 
8601402IA  (LT119AH) 


Standard  Military 


5962-8680601EA(LT1846J) 
5962-8680602EA  (LT1847J) 
5962-8684501 IA  (LT1016MH) 
5962-8684 501PA  (LT1016MJ8) 
5962-86861 01 XA  (LT580SH) 
5962-86861 02XA  (LT580TH) 
5962-86861 03XA  (LT580UH) 
5962-8688201  XA  (LH0070-OH) 
5962-8688202XA  (LH0070-1H) 
5962-8688203XA  (LH0070-2H) 
5962-8688701CA(OP227AJ) 
5962-8757801 GA  (LT1007AMH) 
5962-8757801PA  (LT1007AMJ8) 
5962-8759401XA(LM185H-1.2) 
5962-8759402XA(LM185H-2.5l 
5962-8760401  GA  (LM10H) 
5962-8760401  PA  (LM10J8) 
5962-8766601 VA  (IT1080MJ) 
5962-8766602EA  (LT1081MJ) 
5962-8767501  XA  (IM150K) 
5962-8767502XA(LT150AK) 
5962-8771 501 CA  (LT1002AMJ) 
5962-8773801  GA(LT1001MH) 
5962-8773801  PA  (LT1 001 MJ8) 
5962-8774101XA  (LT1033MK) 
5962-8777501YA(LM123K) 
5962-8853701GA  (0P37AH) 
5962-8853701  PA  (0P37AJ8) 
5962-8853702GA(OP37BH) 
5962-8853702PA  (0P37BJ8) 


5962-8853703GA  (0P37CH) 
5962-B853703PA  (0P37CJ8) 
5962-8853801  GA(OP215AH) 
5962-8853801  PA  (0P215AI8) 
5962-8853802GA  (0P215BH) 
S962-8853802PA(OP215BJ8) 
5962-8856101  XA(LM199AH) 
5962-8856102XA(LM199H) 
5962-8856201  XA  (LT1 01 OMH) 
5962-8856201 YA  (LT1010MK) 
5962-8856701  GA  (LT1037AMH) 
5962-8856701  PA  (LT1037AMJ8) 
5962-8859701  XA  (LT1004MH-1.2) 
5962-8859702XA  (LT1004MH-2.5) 
5962-8860001  GA  (LT1021 BMH-10) 
5962-8360002GA  (LT1 021CMH-10) 
5962-8860003GA  (LT1021DMH-10) 
5962-8862201  GA  (LT1028MH) 
5962-8862201PA(LT1028MJ8) 
5962-8862202GA(LT1028AMH) 
5962-8862202PAILT1028AMJ8) 
5962-8864101RA(LTC1060AMJ) 
5962-8864102RA(LTC1060MJ) 
5962-8864601XA(LT1085MK) 
5962-8864701  GA  (LT10218MH-7) 
5962-8864702GA  (LT1021DMH-7) 
5962-8375101VA  (LT1039MJ) 
5962-88751 02EA  (LT1039MJ16) 
5962-8876001  GA  (LT1013AMH) 
5962-8876001  PA  (LT1 01 3AMJ8) 


5962-8876002GA 
5962-8876002PA 
5962-8876201  GA 
5962-8876202GA 
5962-8876203GA 
5962-8950401  GA 
5962-8950401  PA 
5962-8950402GA 
5962-8950402PA 
5962-89511 01 EA 
5962-8951102EA 
5962-8952101  XA 
5962-8956201  GA 
5962-8956201  PA 
5962-8958101GA 
5962-8958101PA 
5962-8961 001XA 
5962-8962201  GA 
5962-8962202GA 
5962-8967701  CA 
5962-8967702CA 
5962-8978201  CA 
5962-8978201  GA 
5962-8978201  PA 
5962-8980201XA 
5962-8980202XA 
5962-8980203XA 
5962-8983001RA 
5962-8992101XA 


(LT1013MH) 
(LT1013MJ8) 
(LT1021BMH-5) 
(LT1021CMH-5) 
(LT1021DMH-5) 
(LT1017MH) 
(LT101 7MJ8) 
(LT1018MH) 
(LT1018MJ8) 
(LT1525AJ) 
(LT1527A1) 
(LT1084MK) 
(LT1054MH) 
[U1054MJ8) 
(REF01AH) 
(REF01AJ8) 
(LT1009MH) 
(LT1022AMH) 
(LT1022MH) 
(LT1014AMJ) 
(LT1014MJ) 
(LTC1052MJ) 
(LTC1052MH) 
(LTC1052MJ8] 
(LT1031BH) 
(LT1031CH) 
(LT1031DH) 
(LTC1090MJ) 
(LM129AH) 
(LM129BH) 


5962-89921 03XA  (LM129CH) 
5962-8997601  GA  (IT1055AMH) 
5962-8997602GA(LT1056AMH) 
5962-8997603GA(LT1055MH) 
5962-8997604GA(LT1056MB) 
5962-8998101YA  (LT1086MK) 
5962-9059501  GA  (LT1 01 9AMH-1 0) 
5962-9059502GA  (LT1019AMH-5) 
5962-9059503GA  (LT1019AMH-4.5) 
5962-9059504GA  (LT1019AMH-2.5) 
5962-9059505GA  (LT1019MH-10) 
5962-9059S06GA  (LT1019MH-5) 
5962-9059507GA  (LT1019MH-4.5) 
5962-9059506GA  (LT1019MH-2.5) 
5962-9062701GA  (LT1011AMH) 
5962-9062701PA  (LT1011AMJ8) 
5962-9062702GA  (LT1011MH) 
5962-9062702PA  (LT1011MJ8) 
5962-9064901  CA  (LT1064-4MJ) 
5962-9064901  XA  (LT1064-4ML) 
5962-9082501 MYA  (LT1070MK) 
5962-9082502MYA(LT1071MK) 
5962-9082503MYA  (LT1072MK) 
5962-9082503MPA  (LT1072MJ8) 
5962-9082504MYA  (LT1070HVMK) 
5962-9082505MYA  (LT1071HVMK) 
5962-9082506MYA  (LT1072HVMK) 
5962-9084101MCA  (LT1020MJ) 


RH07  RH111  RH137  RH1021-5 

RH27C  RH117  RH1009  RH1021-7 

RH37C  RH118  RH1011  RH102M0 

RH101A  RH119  RH1013  RH1056 

RH108A  RH129  RH10I4 
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MILITARY  PRODUCTS 


MILITARY  PARTS  LIST 


883 

LF155AH/883 

LM108H/883 

LT1012AMH/883 

LT1 055MH/883 

LT1126MJ8/883 

LTC1051MJ8/883 

OP-16CJ8/883 

Operational 

LF155H/8S3 

LM108AJ8/883 

LT1012MD/883 

LT1056AMH/883 

LT1127AMJ8/883 

LTC1052MH/883 

OP-27AH/883 

LF156AH/883 

LM118H/883 

LT1 01 2M  H/883 

LT1056MH/883 

LT1127MJ/883 

LTC1052MJ/883 

OP-27AJ8/883 

LF156H/883 

LM118J8/883 

LT1013AMH/883 

LT1 057AMH/883 

LT1 1 72MJ8/883 

LTC1052MJ8/883 

OP-27BJ8/883 

LF1 56J8/883 

LM118W/883 

LT1013AMJ8/883 

LT1 057AMJ8/883 

LT1181MJ/883 

LTC  1 150  MJ  8/883 

OP-27BH/883 

LF156W/883 

LT118AH/883 

LT1013MH/883 

LT1057MH/883 

LT1 190MJ8/883 

OP-05AH/B83 

OP-27CH/883 

LF4 12  AMU/883 

LT1 1 8  AJ  8/883 

LT1 01 3MJ8/883 

LT1 057MJ8/883 

LT1 1 91 MJ  8/833 

OP -05  AJ  8/883 

OP-27CJ8/883 

LF412MH/883 

LT10O1AMH/883 

LT1014AMJ/883 

LT1058AMJ/883 

LT1 192MJ8/883 

OP-05H/883 

OP-37AH/883 

LF412AMJ8/883 

LT1001AMJ8/883 

LT1014MJ/883 

LT1058AML/883 

LT1193MJ8/883 

OP-0SJ8/883 

OP-37AJ8/883 

LF412MJ8/883 

LT1001MH/883 

LT1022AMH/883 

LT1058MJ/883 

LT1 194MJ8/883 

OP-05AW/883 

OP-37BJ8/883 

LH0070-OH/883 

LT1001MJ8/883 

LT1022MH/883 

LT1073AW/883 

LT1223MJ8/883 

OP-05W/883 

OP-37CH/883 

LH0070-1H/883 

LT1002AMJ/883 

LT1024AMD/883 

LT1078AMH/883 

LT1 228MJ8/883 

OP-07AH/883 

OP-37CJ8/883 

LH0070-2H/883 

LT1002M  J/883 

LT1024MD/8B3 

LT1078AMJ8/883 

LT1 229MJ8/883 

OP-07AJ8/883 

OP-215AH/8S3 

LH2108AD/883 

LT  1006AM  H/883 

LT1028AMH/883 

LT1078MH/883 

LT1230MJ/883 

OP-07H/883 

OP-215AJ8/883 

LH2108D/883 

LT1006AMJ8/883 

LT1028AMJ8/883 

LT1078MJ8/883 

LTC1050AMH/883 

OP-07J8/883 

OP-215CH/883 

LM1  OH/883 

LT1006MH/883 

LT1028MH/883 

LT1079AMJ/883 

LTC1050AMJ8/883 

OP-15AH/883 

OP-215CJ8/883 

LM10J8/883 

LT1006MJ8/883 

LT1028MJ8/883 

LT1079MJ/883 

LTC1050AMJ/883 

OP-15BH/8B3 

OP-227AJ/883 

LM101AH/883 

LT1007AMH/883 

LT1037AMH/883 

LT1124AMJ8\883 
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TECHNOLOGY    Quad  RS485  Line  Receiver 

September  1991 


F€ATUR€S 

■  Low  Power :  lcc=8  mA  typ. 

■  Designed  for  RS485  or  RS422  applications. 

■  Single  +5V  supply. 

■  -7V  to  +12V  bus  common  mode  range  permits  ±7V 
ground  difference  between  devices  on 

■  70  mV  typical  input  hysteresis. 

■  Receiver  maintains  high  impedance  in 
Three-state  or  with  the  power  off. 

■  25  nS  typical  receiver  propagation  delay. 

■  Pin  compatiable  with  the  SN75173. 


APPLICATIONS 

■  Low  Power  RS485/RS422  Receivers 


DCSCRIPTION 

The  LTC488  is  a  low  power  differential  bus/line 
receiver  designed  for  multipoint  data  transmission 
standard  RS485  applications  with  extended 
common  mode  range  (+12V  to  -7V).  It  also  meets 
the  requirements  of  RS422. 

The  CMOS  design  offers  significant  power  savings 
over  its  bipolar  counterpart  without  sacrificing 
ruggedness  against  overload  or  ESD  damage. 

The  receiver  features  three-state  outputs,  with  the 
receiver  output  maintaining  high  impedance  over 
the  entire  common  mode  range. 

The  receiver  has  a  fail  safe  feature  which 
guarantees  a  high  output  state  when  the  inputs  are 
left  open. 

Both  AC  and  DC  specifications  are  guaranteed 
from  0°C  to  70°C  and  4.75V  to  5.25V  supply 
voltage  range. 


TYPICAL  APPLICATION 


ENB  EN 


DRIVER 


2 

EDOOOQ 

»120Q 

4000  FT  24  GAUGE  TWISTED  PAIR 

1/4  LTC486 


1/4LTC488 
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ABSOLUT€  MAXIMUM  RATINGS     PACKAG€/ORD€R  INFORMATION 

(Notel) 

Supply  Voltage  (Vcc)  12V 

Control  Input  Currents  -25mA  to  25mA 

Control  Input  Voltages  -0.5V  to  Vcc+0.5V 

Receiver  Input  Voltages  ±14V 

 -0.5VtoVcc+0.5V 


LTC488CN 
LTC488CS 
LTC488IN 
LTC488IS 


ORDER  PART 
NUMBER 


DC  €L€CTRICAL  CHARACTCRISTICS 

Vcc  =  5V  ± 5%  ,  0  °C  <  Temp.  <  70  °C  (Note  2  &3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN     TYP  MAX 

UNITS 

Vih 



Input  High  Voltage 

EN,  ENB 

2.0 

V 

Vil 

Input  Low  Voltage 

0.8 

V 

ill 

Inout  Current 

±2 

MA 

Iin2 

Input  Current  (A,  B) 

Vcc=0V  or 
5.25V 

Vin  =  12V 

+1.0 

mA 

Vin  =  -7V 

-0.8 

mA 

Vth 

Differential  Input  Threshold 
Voltage  for  Receiver 

-7V£Vcm<;  12V 

-0.2  +0.2 

V 

AVth 

Receiver  Input  Hysteresis 

Vcm=0V 

70 

mV 

Voh 

Receiver  Output  High  Voltage 

lo=-4mA,Vid=+0.2V 

3.5 

V 

Vol 

Receiver  Output  Low  Voltage 

lo=+4mA,Vid=-0.2V 

0.4 

V 

lozr 

Three-State  Output  Current 
at  Receiver 

Vcc  =  Max. 
0.4VsVo<2.4V 

±1 

uA 

Ice 

Supply  Current 

No  Load;  D=GND,  or  Vcc 

8 

mA 

Rin 

Receiver  Input  Resistance 

-7V<Vcm<;+12V 

12 

Kn 

losr 

Receiver  Short-Circuit  Current 

0V<;Vo<Vcc 

7  85 

mA 

LTC488 


SWITCHING  CHflftHCTCftlSTICS 


Vcc  =  5V  ±  5% ,  0°C  <  Temp.  <  70°C  (Note  2  &3 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 



UNITS 

Receiver  Input  to  Output 



CL=  15pF 

(Figures  1&3) 

25 

nS 

W 

Receiver  Input  to  Output 

25 

nS 

SKD 

Differential  Receiver  Skew 

13 

nS 

lZL 

Receiver  Enable  to  Output  Low 

C  L=  15pF  (Figures  2&4)  S1  closed 

20 

nS 

'zH 

Receiver  Enable  to  Output  High 

C  L  =  1 5pF  (Figures  2&4)  S2  closed 

20 

nS 

ll2 

Receiver  Disable  from  Low 

C  L=  15pF  (Figures  2&4)  S1  closed 

20 

nS 

*HZ 

Receiver  Disable  from  High 

C  L=  15pF  (Figures  2&4)  S2  closed 

20 

nS 

Note  1 :  'Absolute  Maximum  Ratings1  are  those  beyond  which  the  safety  of  the 
device  cannot  be  guaranteed. 

Note  2  :  All  currents  into  device  pins  are  positive ;  all  currents  out  of  device  pins 

are  negative.  All  voltages  are  referenced  to  device  ground  unless  otherwise 
specified. 

Note  3  :  All  typicals  are  given  for  Vcc  =  5  V  and  Temp.  =  25  °C. 


FUNCTION  TABl€ 


DIFFERENTIAL 

ENABLES 

OUTPUT 

A-B 

EN  ENB 

RO 

Vid  >  0.2  V 

H  X 
X  L 

H 
H 

-0.2  V<Vid<  0.2  V 

H  X 
X  L 

? 
? 

Vid  <  0.2  V 

H  X 
X  L 

L 
L 

X 

L  H 

Z 

H :  High  Level 

L:Low  Level 

X:  Irrelevant 

? :  Indeterminate 

Z :  High-Impedance  (off) 
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PIN  FUNCTIONS 


PIN  # 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


NAME 

B1 
A1 
R01 

EN 

R02 

A2 

B2 

GND 

B3 

A3 


ENB 


A4 
B4 

Vcc 


DESCRIPTION 

Received  input. 
Received  input. 

Received  output.  If  the  receiver  output  is  enabled,  then  if  A  >  B  by 
200  mV,  R01  will  be  high.  If  A  <  B  by  200  mV,  then  R01  will  be  low. 

Receiver  output  enabled.  See  FUNCTION  TABLE  for  details. 

Received  output.  Refer  to  R01. 


Received  input. 
Received  input. 
Ground  Connection. 
Received  input. 
Received  input. 
Received  output.  Refer  to  R01. 
Receiver  output  disenabled.  See  FUNCTION 
Received  ouput.  Refer  to  R01. 
Received  input. 
Received  input. 

Positive  supply ;  4.75V  <  Vcc  <  5.25V 
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SWITCHING  TIM€  W1WCFORMS 


Vod2- 


lnputA1-B1 
-Vod2- 


Vob- 


R01 


ov- 

5V- 


R01 


Vol- 
Voh- 


l  =  1MHz;tr<10nS.  HSIOnS 


1.5V 


1.5V 


Receiver  Propagation  Delays 


U1MHz;tr<10nS,  tlslOnS 


•  1.5V 


Output  normally  Low 


Output  normally  High 


1.5V 


Figure  4.  Receiver  Enable  and  Disable  Times 


"  0.5  V 


0.5  V 


LTC488 


T€ST  CIRCUITS 


D  O- 


ioopF  : 


Driver 


100pF 


O  R01 


Receiver  q— 
Output 


Figure  1.  Receiver  Timing  Test  Circuit 


S1  1KO 

 Vv  Ovcc 


Figure  2.  Receiver  Enable  and  Disable  Timing  Test  Circuit 


The  input  pulse  is  supplied  by  a  generator  having  the  following  characteristics: 
f=1MHZ ,  duty  cycle=50%,  tr<10nS,  tf<10nS,  Zout=50n. 


LTC488 


INFORMATION 


TYPICAL  APPLICATION 

A  typical  connection  of  the  LTC488  is  shown  in  Figure  1. 
Two  twisted  pair  wires  connect  up  to  32  driver/receiver 
pairs  for  half  duplex  data  transmission.  There  are  no 
restrictions  on  where  the  chips  are  connected  to  the  wires, 
and  it  isn't  necessary  to  have  the  chips  connected  at  the 
ends .  However,  the  wires  must  be  terminated  only  at  the 
ends  with  a  resistor  equal  to  their  characteristic  imped- 
ance, typically  120  Q.  The  input  impedance  of  a  receiver 
is  typically  20  kQ  to  GND,  or  0.6  unit  RS-485  load,  so  in 
practice  50  to  60  transceivers  can  be  connected  to  the 
same  wires.  The  optional  shields  around  the  twisted  pair 
help  reduce  unwanted  noise,  and  are  connected  to  GND  at 
one  end. 

CABLES  AND  DATA  RATE 

The  transmission  line  of  choice  for  RS-485  applications 
is  a  twisted  pair.  There  are  coaxial  cables  (twinaxial) 
made  for  this  purpose  that  contain  straight  pairs,  but 
these  are  less  flexible,  more  bulky,  and  more  costly 
than  twisted  pairs.  Many  cable  manufacturers  offer  a 
broad  range  of  120  a  cables  designed  for  RS-485 


Losses  in  a  transmission  line  are  a  complex  combina- 
tion of  DC  conductor  loss,  AC  losses  (skin  effect), 
leakage,  and  AC  losses  in  the  dielectric.  In  good 
polyethylene  cables  such  as  the  Belden  9841 ,  the 
conductor  losses  and  dielectric  losses  are  of  the  same 
order  of  magnitude,  leading  to  relatively  low  over  all 
loss  ( Figure  2). 


m 


LU 
Q- 


0.1 


0.1  1  10  100 

FREQUENCY  (MHz) 


Figure  2.  Attenuation  -  vs  -  Frequency  For  Belden  9481 
When  using  low  loss  cables,  Figure  3  can  be  used  as  a 


RX 
1/4  LTC48B 


Figure  1 .  Typical  Connection 
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guideline  for  choosing  the  maximum  line  length  for  a 
given  data  rate.  With  lower  quality  PVC  cables,  the 
dielectric  loss  factor  can  be  1000  times  worse.  PVC 
twisted  pairs  have  terrible  losses  at  high  data  rates  ( > 
100  kbs),  and  greatly  reduce  the  maximum  cable  length. 
At  low  data  rates  however,  they  are  acceptable  and  much 
more  economical. 


DATA  RATE  (bps) 


Figure  3.  Cable  Length  -  vs  ■  Data  Rate 
CABLE  TERMINATION 

The  proper  termination  of  the  cable  is  very  important. 
If  the  cable  is  not  terminated  with  it's  characteristic 
impedance,  distorted  waveforms  will  result.  In  severe 
cases,  distorted  (false)  data  and  nulls  will  occur.  A  quick 
look  at  the  output  of  the  driver  will  tell  how  well  the 
cable  is  terminated.  It  Is  best  to  look  at  a  driver  con- 
nected to  the  end  of  the  cable,  since  this  eliminates  the 
possibility  of  getting  reflections  from  two  directions. 
Simply  look  at  the  driver  output  while  transmitting 
square  wave  data.  If  the  cable  is  terminated  properly, 
the  waveform  will  look  like  a  square  wave  (Figure  4). 


Probe  Here 


Rt-120Q 


Rt  =  47Q 


RL470G 


Figure  4.  Termination  Effects 

If  the  cable  is  loaded  excessively  (47  Q),  the  signal 
initially  sees  the  surge  impedance  of  the  cable  and 
jumps  to  an  initial  amplitude.  The  signal  travels  down 
the  cable  and  is  reflected  back  out  of  phase  because  of 
the  mistermination.  When  the  reflected  signal  returns 
to  the  driver,  the  amplitude  will  be  lowered.  The  width 
of  the  pedestal  is  equal  to  twice  the  electrical  length  of 
the  cable  ( about  1.5  ns  /  foot) .  If  the  cable  is  lightly 
loaded  (470  q),  the  signal  reflects  in  phase  and  in- 
creases the  amplitude  at  the  driver  output.  An  input 
frequency  of  30  kHz  is  adequate  for  tests  out  to  4000  ft. 
of  cable. 

AC  CABLE  TERMINATION 

Cable  termination  resistors  are  necessary  to  prevent  un- 
wanted reflections,  but  they  consume  power.  The  typical 
differential  output  voltage  of  the  driver  is  2  V  when  the 
cable  is  terminated  with  two  120  Q  resistors,  causing  33 
mA  of  DC  current  to  flow  in  the  cable  when  no  data  is  being 
sent.  This  DC  current  is  about  60  times  greater  than  the 
supply  current  of  the  LTC488.  One  way  to  eliminate  the 


XTUDSS8 
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unwanted  current  is  by  AC  coupling  the  termination 
resistors  as  shown  in  Figure  5. 


C-  Line  Length  (ft)  x  16.3  pF 


Figure  5.  AC  Coupled  Termination 

The  coupling  capacitor  must  allow  high-frequency  energy 
to  flow  to  the  termination,  but  block  DC  and  low  frequen- 
cies. The  dividing  line  between  high  and  low  frequency 
depends  on  the  length  of  the  cable.  The  coupling  capaci- 
tor must  pass  frequencies  above  the  point  where  the  line 
represents  an  electrical  one-tenth  wavelength.  The  value 
of  the  coupling  capacitor  should  therefore  be  set  at  16.3 
pF  per  foot  of  cable  length  for  120  Q  cables.  With  the 
coupling  capacitors  in  place,  power  is  consumed  only  on 
the  signal  edges,  and  not  when  the  driver  output  is  idling 
at  a  1  or  0  state.  A 100  nF  capacitor  is  adequate  for  lines 
up  to  4000  '  in  length.  Be  aware  that  the  power  savings 
start  to  decrease  once  the  data  rate  surpasses  1/(120  Q 
xC). 

RECEIVER  OPEN-CIRCUIT  FAIL-SAFE 

Some  data  encoding  schemes  require  that  the  output  of 
the  receiver  maintains  a  known  state  (usually  a  logic  1) 
when  the  data  is  finished  transmitting  and  all  drivers  on 
the  line  are  forced  into  tri-state.  The  receiver  of  the 
LTC488  has  a  fail-safe  feature  which  guarantees  the 
output  to  be  in  a  logic  1  state  when  the  receiver  inputs  are 
left  floating  (open-circuit ).  However,  when  the  cable  is 
terminated  with  120  Q,  the  differential  inputs  to  the 
receiver  are  shorted  together,  not  left  floating.  Because 
the  receiver  has  about  70  mV  of  hysteresis,  the  receiver 
output  will  maintain  the  last  data  bit  received. 

If  the  receiver  output  must  be  forced  to  a  known  state, 


the  circuits  of  Figure.  6  can  be  used. 


Figure  6.  Forcing  '0'  When  All  Drivers  Are  Off 

The  termination  resistors  are  used  to  generate  a  DC  bias 
which  forces  the  receiver  output  to  a  known  state,  in  this 
case  a  logic  0  The  first  method  consumes  about  208  mW 
and  the  second  about  8  mW.  The  lowest  power  solution  is 
to  use  an  AC  termination  with  a  pull-up  resistor.  Simply 
swap  the  receiver  inputs  for  data  protocols  ending  in  logic 
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FAULT  PROTECTION 

All  of  LTC's  RS-485  products  are  protected  against  ESD 
transients  up  to  2  kV  using  the  human  body  model  (100 
pF,1.5  k£2).  However,  some  applications  need  more 
protection.  The  best  protection  method  is  to  connect  a 
bidirectional  TransZorb  from  each  line  side  pin  to  ground 
(Figure  7). 


A  TransZorb  is  a  silicon  transient  voltage  suppressor  that 
has  exceptional  surge  handling  capabilities,  fast  response 
time,  and  low  series  resistance.  They  are  available  from 
General  Semiconductor  Industries  and  come  in  a  variety  of 
breakdown  voltages  and  prices.  Be  sure  to  pick  a  break- 
down voltage  higher  than  the  common  mode  voltage 
required  for  your  application  ( typically  12  V).  Also,  don't 
forget  to  check  how  much  the  added  parasitic  capacitance 
will  load  down  the  bus. 


Figure  7.  ESD  Protection  With  TransZorbs 


TYPICAL  APPLICATIONS 


RS-232  Receiver 


RS-232  In 


~  1/2  LTC488 
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LTC489 
Line  Receiver 

September  1991 


F€ATUR€S 

■  Low  Power :  lcc=8  mA  typ. 

■  Designed  for  RS485  or  RS422  applications. 

■  Single  +5V  supply. 

■  -7V  to  +12V  bus  common  mode  range  permits  ±7V 
ground  difference  between  devices  on  the  bus. 

■  70  mV  typical  input  hysteresis. 

■  Receiver  maintains  high  impedance  in 
Three-state  or  with  the  power  off. 

■  25  nS  typical  receiver  propagation  delay. 

■  Pin  compatiable  with  the  SN75175. 


APPLICATIONS 

■  Low  Power  RS485/RS422  Receivers 

■  Level  translator 


DCSCRIPTION 

The  LTC489  is  a  low  power  differential  bus/line 
receiver  designed  for  multipoint  data  transmission 
standard  RS485  applications  with  extended 
common  mode  range  (+12V  to  -7V).  It  also  meets 
the  requirements  of  RS422. 

The  CMOS  design  offers  significant  power  savings 
over  its  bipolar  counterpart  without  sacrificing 
ruggedness  against  overload  or  ESD  damage. 

The  receiver  features  three-state  outputs,  with  the 
receiver  output  maintaining  high  impedance  over 
the  entire  common  mode  range. 

The  receiver  has  a  fail  safe  feature  which 
guarantees  a  high  output  state  when  the  inputs  are 
left  open. 

Both  AC  and  DC  specifications  are  guaranteed 
from  0°C  to  70°C  and  4.75V  to  5.25V  supply 
voltage  range. 


TYPICAL  APPLICATION 


EN12 


DOOC 


4000  FT  24  GAUGE  TWISTED  PAIR 


1/4  LTC487 


1/4  LTC489 
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 LTC489 

ni3SOLUT€  MAXIMUM  RATINGS     PRCKRG€/ORD€R  INFORMATION 

(Notel) 

Supply  Voltage  (Vcc)  12V 

Control  Input  Currents  -25mA  to  25mA 

Control  Input  Voltages  -0.5V  to  Vcc+0.5V 

Receiver  Input  Voltages  ±14V     eni2[T — >    1  3sJ  R<M  LTC489GN 

Receiver  Output  Voltages  -0.5V  to  Vcc+0.5V      R°2  LT  i    1  H  ENM     LT C489CS 

LTC489IN 
LTC489IS 


ORDER  PART 
NUMBER 


DC  €L€CTRICRL  CHRRRCTCRISTICS 

Vcc  -  5V  ±  5% ,  0  °C  <  Temp.  <  70  °C  (Note  2  &3) 


SYMBOL 

PARAMETER 

MIN     TYP  MAX 

UNITS 

Vih 

Input  High  Voltage 

EN12,  EN34 

2.0 

V 

VI 

Input  Low  Voltage 

0.8 

V 

M 

Inout  Current 

±2 

HA 

Input  Current  (A,  B) 

Vcc=0V  or 
5.25V 

Vin  =  12V 

+1.0 

mA 

Vin  =  -7V 

-0.8 

mA 

Vth 

Differential  Input  Threshold 
Voltage  for  Receiver 

-7VS  Veins;  12V 

-0.2  +0.2 

V 

AVth 

Receiver  Input  Hysteresis 

Vcm  =  OV 

70 

mV 

Voh 

Receiver  Output  High  Voltage 

lo=-4mA,Vid=+0.2V 

3.5 

V 

Vol 

Receiver  Output  Low  Voltage 

lo=+4mA,  Vid=-0.2V 

0.4 

V 

lozr 

Three-State  Output  Current 
at  Receiver 

Vcc  =  Max. 
0.4V  £Vo  52.4V 

±1 

MA 

Ice 

Supply  Current 

No  Load;  D=GND,  or  Vcc 

8 

mA 

Rin 

Receiver  Input  Resistance 

12 

KQ 

losr 

Receiver  Short-Circuit  Current 

OVsiVosVcc 

7  85 

mA 

13 
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Switching  Characteristics 

Vcc  =  5V  ±  5% ,  0°C  <  Temp.  <  70°C  (Note  2  &3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

*PLH 

Receiver  Input  to  Output 

CL  =  15pF 
(Figures  1&3) 

25 

nS 

lPHL 



Receiver  Input  to  Output 

25 

nS 

*SK0 

I'PLH"  ^Ll 

Differential  Receiver  Skew 

13 

nS 

h. 

Receiver  Enable  to  Output  Low 

C  L  =  15pF  (Figures  2&4)  S1  closed 

20 

nS 

Receiver  Enable  to  Output  High 

C  L=  15pF  (Figures  2&4)  S2  closed 

20 

nS 

Receiver  Disable  from  Low 

CL=15pF  (Figures  2&4)  S1  closed 

20 

nS 

Receiver  Disable  from  High 

C  i=  15pF  (Figures  2&4)  S2  closed 

20 

nS 

Note  1 :  "Absolute  Maximum  Ratings"  are  those  beyond  which  the  safety  of  the 
device  cannot  be  guaranteed. 

Note  2  :  All  currents  into  device  pins  are  positive ;  all  currents  out  of  device  pins 

are  negative.  All  voltages  are  referenced  to  device  ground  unless  otherwise 


Note  3 :  All  typicals  are  given  for  Vcc  =  5  V  and  Temp.  =  25  °C. 


FUNCTION  TABIC 


DIFFERENTIAL 

ENABLES 

OUTPUT 

A-B 

EN12orEN34 

R0 

Vid  >  0.2  V 

H 

H 

-0.2  V<Vid<  0.2  V 

H 

? 

Vid  <  0.2  V 

H 

L 

X 

L 

Z 

H :  High  Level 

L :  Low  Level 

X:  Irrelevant 

? :  Indeterminate 

Z :  High-Impedance  (off) 
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PIN  FUNCTIONS 


PIN  # 

NAME 

DESCRIPTION 

1 

B1 

Received  input. 

2 

A1 

Receiverl  input. 

3 

R01 

Receiverl  output.  If  the  receiver  output  is  enabled,  then  if  A  >  B  by 
200  mV,  R01  will  be  high.  If  A  <  B  by  200  mV,  then  R01  will  be  low. 

4 

EN12 

Receiver  1,  2  output  enabled.  See  FUNCTION  TABLE  for  details. 

s 

RO? 

n  \j  c. 

Rprpivpr2  outniit  Rpfer  to  R01 

V 

A? 

Rprpiver2  inDut 

7 

R9 

Rpppivpr?  incut 

a 

Ri\jn 

Ground  Connection 

Q 

uo 

Receiver3  inrjut 

10 

A3 

Receiver3  input. 

11 

R03 

Received  output.  Refer  to  R01. 

12 

EN34 

Receiver  3,  4  output  enabled.  See  FUNCTION  TABLE  for  details. 

13 

R04 

Received  ouput.  Refer  to  R01. 

14 

A4 

Received  input. 

15 

B4 

Received  input. 

16 

Vcc 

Positive  supply ;  4.75V  <  Vcc  <  5.25V 

13 
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SWITCHING  TIM€  UJIWCFORMS 


Vod2- 


lnputA1-B1 
-Vod2- 


(  =  1MHz;trs10nS.  MSIOnS 


R01 


EN12 


R01 


R01 


1 


Figure  3.  Receiver  Propagation  Delays 


5V- 


L1MHz;lrsl0nS,  tfslOnS 


Output  normally  Low 


Output  normally  High 


0.5  V 


Figure  4.  Receiver  Enable  and  Disable  Times 


TEST  CIRCUITS 


D  O 


Figure  1.  Receiver  Timing  Test  Circuit 


Receiver  q  • 

Output 


S1  1KB 
^  VV  Ovcc 


Figure  2.  Receiver  Enable  and  Disable  Timing  Test  Circuit 


The  input  pulse  is  supplied  by  a  generator  having  the  following  characteristics: 
(=1  MHZ ,  duty  cycle=50%,  IKl  OnS,  ttslOnS,  Zout=50n. 


13-16 


LTC489 


applications  information 

TYPICAL  APPLICATION 

A  typical  connection  of  the  LTC489  is  shown  in  Figure  1. 
Two  twisted  pair  wires  connect  up  to  32  driver/receiver 
pairs  for  half  duplex  data  transmission.  There  are  no 
restrictions  on  where  the  chips  are  connected  to  the  wires, 
and  it  isn't  necessary  to  have  the  chips  connected  at  the 
ends .  However,  the  wires  must  be  terminated  only  at  the 
ends  with  a  resistor  equal  to  their  characteristic  imped- 
ance, typically  120  £2.  The  input  impedance  of  a  receiver 
is  typically  20  kQ  to  GND,  or  0.6  unit  RS-485  load,  so  in 
practice  50  to  60  transceivers  can  be  connected  to  the 
same  wires.  The  optional  shields  around  the  twisted  pair 
help  reduce  unwanted  noise,  and  are  connected  to  GND  at 
one  end. 

CABLES  AND  DATA  RATE 

The  transmission  line  of  choice  for  RS-485  applications 
is  a  twisted  pair.  There  are  coaxial  cables  (twinaxial) 
made  for  this  purpose  that  contain  straight  pairs,  but 
these  are  less  flexible,  more  bulky,  and  more  costly 
than  twisted  pairs.  Many  cable  manufacturers  offer  a 
broad  range  of  120  £2  cables  designed  for  RS-485 
applications. 


Losses  in  a  transmission  line  are  a  complex  combina- 
tion of  DC  conductor  loss,  AC  losses  (skin  effect), 
leakage,  and  AC  losses  in  the  dielectric.  In  good 
polyethylene  cables  such  as  the  Belden  9841,  the 
conductor  losses  and  dielectric  losses  are  of  the  same 
order  of  magnitude,  leading  to  relatively  low  over  all 
loss  ( Figure  2). 


CO 
CO 

o 


0.1 


0.1  1  10  100 

FREQUENCY  (MHz) 


Figure  2.  Attenuation  -  vs  -  Frequency  For  Belden  9481 

When  using  low  loss  cables,  Figure  3  can  be  used  as  a 


DX- 


EN12 


RX 
1/4  LTC489 


Figure  1.  Typical  Connection 
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guideline  for  choosing  the  maximum  line  length  for  a 
given  data  rate.  With  lower  quality  PVC  cables,  the 
dielectric  loss  factor  can  be  1000  times  worse.  PVC 
twisted  pairs  have  terrible  losses  at  high  data  rates  ( > 
100  kbs),  and  greatly  reduce  the  maximum  cable  length. 
At  low  data  rates  however,  they  are  acceptable  and  much 
more 


10k  100k  1M  2.5M  10M 

DATA  RATE  (  bps  ) 

Figure  3.  Cable  Length  -  vs  -  Data  Rate 
CABLE  TERMINATION 

The  proper  termination  of  the  cable  is  very  important. 
If  the  cable  is  not  terminated  with  it's  characteristic 
impedance,  distorted  waveforms  will  result.  In  severe 
cases,  distorted  (false)  data  and  nulls  will  occur.  A  quick 
look  at  the  output  of  the  driver  will  tell  how  well  the 
cable  is  terminated.  It  is  best  to  look  at  a  driver  con- 
nected to  the  end  of  the  cable,  since  this  eliminates  the 
possibility  of  getting  reflections  from  two  directions. 
Simply  look  at  the  driver  output  while  transmitting 
square  wave  data.  If  the  cable  is  terminated  properly, 
the  waveform  will  look  like  a  square  wave  (Figure  4). 


RL120S2 


RU47Q 


RU470Q 


Figure  4.  Termination  Effects 

If  the  cable  is  loaded  excessively  (47  Q),  the  signal 
initially  sees  the  surge  impedance  of  the  cable  and 
jumps  to  an  initial  amplitude.  The  signal  travels  down 
the  cable  and  is  reflected  back  out  of  phase  because  of 
the  mistermination.  When  the  reflected  signal  returns 
to  the  driver,  the  amplitude  will  be  lowered.  The  width 
of  the  pedestal  is  equal  to  twice  the  electrical  length  of 
the  cable  (  about  1.5  ns  /  foot) .  If  the  cable  is  lightly 
loaded  (470  Q),  the  signal  reflects  in  phase  and  in- 
creases the  amplitude  at  the  driver  output.  An  input 
frequency  of  30  kHz  is  adequate  for  tests  out  to  4000  ft. 
of  cable. 

AC  CABLE  TERMINATION 

Cable  termination  resistors  are  necessary  to  prevent  un- 
wanted reflections,  but  they  consume  power.  The  typical 
differential  output  voltage  of  the  driver  is  2  V  when  the 
cable  is  terminated  with  two  120  Q  resistors,  causing  33 
mA  of  DC  current  to  flow  in  the  cable  when  no  data  is  being 
sent.  This  DC  current  is  about  60  times  greater  than  the 
supply  current  of  the  LTC489.  One  way  to  eliminate  the 
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unwanted  current  is  by  AC  coupling  the  termination  the  circuits  of  Figure.  6  can  be  used, 
resistors  as  shown  in  Figure  5. 


C«  Line  Lengti  (ft)  x  16.3  pF 


Figure  5.  AC  Coupled  Termination 

The  coupling  capacitor  must  allow  high-frequency  energy 
to  flow  to  the  termination,  but  block  DC  and  low  frequen- 
cies. The  dividing  line  between  high  and  low  frequency 
depends  on  the  length  of  the  cable.  The  coupling  capaci- 
tor must  pass  frequencies  above  the  point  where  the  line 
represents  an  electrical  one-tenth  wavelength.  The  value 
of  the  coupling  capacitor  should  therefore  be  set  at  16.3 
pF  per  foot  of  cable  length  for  120  Q  cables.  With  the 
coupling  capacitors  in  place,  power  is  consumed  only  on 
the  signal  edges,  and  not  when  the  driver  output  is  idling 
at  a  1  or  0  state.  A 100  nF  capacitor  is  adequate  for  lines 
up  to  4000  '  in  length.  Be  aware  that  the  power  savings 
start  to  decrease  once  the  data  rate  surpasses  1/(120  Q 
xC). 

RECEIVER  OPEN-CIRCUIT  FAIL-SAFE 

Some  data  encoding  schemes  require  that  the  output  of 
the  receiver  maintains  a  known  state  (usually  a  logic  1) 
when  the  data  is  finished  transmitting  and  all  drivers  on 
the  line  are  forced  into  tri-state.  The  receiver  of  the  LTC489 
has  a  fail-safe  feature  which  guarantees  the  output  to  be  in 
a  logic  1  state  when  the  receiver  inputs  are  left  floating 
(open-circuit ).  However,  when  the  cable  is  terminated 
with  120  Q,  the  differential  inputs  to  the  receiver  are 
shorted  together,  not  left  floating.  Because  the  receiver 
has  about  70  mV  of  hysteresis,  the  receiver  output  will 
maintain  the  last  data  bit  received. 

If  the  receiver  output  must  be  forced  to  a  known  state, 


*5v 


Figure  6.  Forcing  '0'  When  All  Drivers  Are  Off 

The  termination  resistors  are  used  to  generate  a  DC  bias 
which  forces  the  receiver  output  to  a  known  state,  in  this 
case  a  logic  0  The  first  method  consumes  about  208  mW 
and  the  second  about  8  mW.  The  lowest  power  solution  is 
to  use  an  AC  termination  with  a  pull-up  resistor.  Simply 
swap  the  receiver  inputs  for  data  protocols  ending  in  logic 
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FAULT  PROTECTION 


All  of  LTC's  RS-485  products  are  protected  against  ESD 
transients  up  to  2  kV  using  the  human  body  model  (100 
pF,1 .5  kQ).  However,  some  applications  need  more 
protection.  The  best  protection  method  is  to  connect  a 
bidirectional  TransZorb  from  each  line  side  pin  to  ground 
(Figure  7). 


A  TransZorb  is  a  silicon  transient  voltage  suppressorthat 
has  exceptional  surge  handling  capabilities,  fast  response 
time,  and  low  series  resistance.  They  are  available  from 
General  Semiconductor  Industries  and  come  in  a  variety  of 
breakdown  voltages  and  prices.  Be  sure  to  pick  a  break- 
down voltage  higher  than  the  common  mode  voltage 
required  for  your  application  (typically  12  V).  Also,  don't 
forget  to  check  how  much  the  added  parasitic  capacitance 


Figure  7.  ESD  Protection  With  TransZorbs 


TYPICAL  APPLICATIONS 

RS-232  Receiver 
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TECHNOLOGY 


F€ATUR€S 

■  Clock  Tunable  Cutoff  Frequency 

■  1  mV  DC  Offset  (Typical) 

■  Internal  or  External  Clock 

■  50mVrms  Clock  Feedthrough 

■  100:1  Clock  to  Cutoff  Frequency  Ratio 

■  IOOmVrms  Total  Wideband  Noise 

■  0.01  %  THD  at  2VRMS  Output  Level 

■  50kHz  Maximum  Cutoff  Frequency 

■  Cascadable  for  Faster  Rolloff 

■  Operates  from  ±2.375V  to  ±8V  Power 

■  Self  Clocking  with  1  RC 

APPLICATONS 

■  Audio 

■  Strain  Gauge  Amplifiers 

■  Anti-aliasing  Filters 

■  Low  Level  Filtering 

■  Digital  Voltmeters 

■  60Hz  Lowpass  Filters 

■  Smoothing  Filters 

■  Reconstruction  Filters 


DC  Accurate,  Clock  Tunable, 
5th  Order  Butterworth 
Lowpass  Filter 

May  1992 

DCSCRIPTION 

The  LTC1063  is  the  first  monolithic  filter  providing  both 
clock  tunability,  low  DC  output  offset  and  over  12  bit  DC 
accuracy.  The  frequency  response  of  the  LTC1 063  closely 
approximates  a  5th  order  Butterworth  polynomial.  With 
appropriate  PCB  layout  techniques  the  output  DC  offset  is 
typically  1  mV  and  is  constant  over  a  wide  range  of  clock 
frequencies.  With  ±5V  supplies  and  ±4V  input  voltage 
range,  the  CMR  of  the  device  is  80dB. 

The  filtercutoff  frequency  is  controlled  eitherby  an  internal 
or  external  clock.  The  clock  to  cutoff  frequency  ratio  is 
1 00:1 .  The  on-board  clock  is  power  supply  independent, 
and  it  is  programmed  via  an  external  R,C.  The  50(iVrms 
clock  feedthrough  is  considerably  reduced  over  existing 
monolithicfilters. 

The  LTC1 063  wideband  noise  is  1  OOuVrms,  and  the  device 
can  process  large  AC  input  signals  with  lowdistortion.  With 
±7.5Vsupplies,  for  instance,  the  filter  handles  up  to  4VRMS 
(92  dB  S/N  ratio)  while  the  standard  1kHz  THD  is  below 
0.02%;  80  dB  dynamic  range  (S/N  +THD)  is  obtained  with 
input  levels  between  1VRMSand  2.3VRMs. 

The  LTC1 063  is  available  in  8  pin  minidip  and  1 6  pin  SOL. 


TYPICAL  APPLICATIONS 

2.5kHz  5th  Order  Lowpass  Filter 


Vin" 


'  VA  If  - 

0.1*  _,_  -,9.1k  -1- 


0.1* 


SELFCIOCKING  SCHEME 

IFTHE INPUTVOLTAGE  CAN  EXCEEDV+, 

CONNECT  ASIGNAL  DIODE  BETWEEN  PIN  1ANDV+ 


Frequency  Response 


LTC1063 


ROSOLUTC  MAXIMUM  RATINGS 

Total  Supply  Voltage  (V+  to  V-)  16V 

Power  Dissipation  400mW 

Storage  Temperature  Range  -65°C  to  150°C 


ORDER  PART 

NUMBER 

TOP  VIEW 

V,N  E 

T\  Vos  ADJ. 

GND  e 

I|Vout 

LTC1063CN8 

V-  [T 

LTC1063CJ8 

CLOCK  OUT  fT 

T\  CLK  IN 

PLASTIC  DIP  N8  PACKAGE 

PACKAG€/ORD€R  INFORMATION 

Burn-in  Voltage  16V 

Operating  Temperature  Range  -40°C  to  85°C 

Voltage  at  Any  Input ..  [(V-)  -  0.3V]  -V,N  -[(V+)  +  0.3V] 


TOP  VIEW 

ORDER  PART 

NC 

E 

I]  Vqs  ADJ. 

NUMBER 

VOUT 

LI 

«]  NC 

GND 
NC 

U 
E 

H  Vout 

13]  NC 

LTC1063CS 

V- 
NC 

E 

E 

12]  V» 
ID  NC 

NC 

E 

10]  NC 

CLK  OUT 

E 

T]  CLK  IN 

S  PACKAGE 
LEAD  PLASTIC  SOL 

CLCCTRICRL  CHARRCTCRISTICS 


Vs  ■  ±5V,  fCLK  -  500kHz,  lc  =  5kHz,  Rload  =  10k,  TA  =  25"C,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Clock  to  Cutoff  Frequency  Ratio  ( feu*/  'c ) 

±2.375VsVss±7.5V 

100±0.5 

Max  Clock  Frequency  (  Note  1  ) 

VS  =  ±7.5V 

5 

MHz 

VS  =  ±5.0V 

4 

MHz 

VS  =  ±2.5V 

3 

MHz 

Minimum  CLK  Frequency  (  Note  2  ) 

±2.5VsVs£±7.5V,TA<85° 

30 

Hz 

Input  Frequency  Fange 

0 

0.9 

fCLK 

Filter  Gain  at  fiN  =  1 00 

Vs  =  ±5V,fCLK  =  500kHz,  fC  =  5kHz 

0 

dB 

f,N  =  1.0kHz  =  0.2fc 

-0.06 

-  0.01 

0.04 

dB 

• 

-  0.075 

-0.01 

0.055 

dB 

f,N  =  2.5kHz  =  0.5fc 

-  0.09 

0.16 

0.41 

dB 

• 

-  0.14 

0.16 

0.46 

dB 

fIN  =  4.0kHz  =  0.8fc 

-0.5 

-0.2 

0.1 

dB 

• 

-0.6 

-0.2 

0.2 

dB 

flN  =  5.0kHz  =  fc 

-3.5 

-  3.0 

-  2.5 

dB 

• 

-3.6 

-3.0 

-2.4 

dB 

f,N  =  20kHz  =  4fc 

-  57.5 

-  60.0 

-  62.0 

dB 

-  57.0 

-  62.5 

dB 

Filter  Gain  at  f!N  =  1.0kHz 

Vs  =  ±  2.375V,  fCLK  -  500kHz,  fc  =  5kHz 

-  0.066 

0.004 

0.074 

dB 

• 

-  0.081 

0.004 

0.089 

dB 

liN  =  2.5kHz 

-  0.24 

0.16 

0.56 

dB 

• 

-0.29 

0.16 

0.61 

dB 

(in  =  4.0kHz 

-0.6 

-0.2 

0.2 

dB 

• 

-0.7 

-0.2 

0.3 

dB 

fiN  =  5.0kHz 

-3.5 

-3.0 

-2.5 

dB 

• 

-3.6 

-3.0 

-  2.4 

dB 

Filter  Gain  at  t!N  =  250Hz 

Vs  =  ±5.0V,  fCLK  =  25kHz,  fc  =  250Hz 

-3.5 

-3.0 

-  2.5 

dB 



• 

-  3.6 

-3.0 

-2.4 

dB 
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LTC1063 


CUCTRICRl  CHARACT€RISTICS 

Vs=  ±5V,  !Clk  -  500kHz,  fc  =  5kHz,  RLoad  =  10k,  TA  =  25°C,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Clock  Feedthrough 

±2. 

J75VsVss±7.5V 

50 

Wideband  Noise  (Note  3) 

±2.375VsVss±7.5V,1 

Hz<f<fCLK 

95 

H-Vrms 

Wideband  Noise+THD   (Note  4) 

Vs= 

±7.5  V,  fc = 20kHz,  f  in  =  1  kHz,  1 VRMS  *  V,N  s  2.3VRMS 

-80 

dB 

FilterOutput+/-DC  Swing 

Vs= 

±2.375V 

1.6/-2.0 

1.7/-2.2 

V 

• 

1.4/-1.8 

Vs= 

±5.0V 

4.0/-4.5 

4.3/-4.8 

V 

• 

3.8/-4.3 

VS= 

±7.5V 

6.5/-7.0 

6.8/-7.3 

V 

• 

6.3/-6.8 

InputCurrent 

10 

nA 

uynamicinpui  impeuance 

800 

Output  DC  Offset         (Note  5) 

Vs  = 

±2.375V 

+  2 

+2±5 

mV 

Vs= 

±5.0V 

U 

±5 

mV 

VS= 

±7.5V 

A 

mV 

Output  DC  Offset  Drift 

Vs  = 

±2.375V 

10 

uV/°C 

Vs= 

±5.0V 

20 

uV/°C 

Vs= 

+7.5V 

25 

mWc 

SelfClockingFrequency(fosc) 

R(pin4to5)  =  20k,C( 

pin5toGND)  =  470pf 

Vs  = 

±2.375V 

99.2 

105.2 

11.2 

kHz 

LTC1063CN,CS,CJ 

s 

94.9 

102.9 

111.0 

kHz 

LTC1063MJ 

92.5 

100.5 

108.5 

kHz 

Vs  = 

±5.0V 

102.0 

108.0 

114.0 

kHz 

LTC1063CN,CS,CJ 

98.0 

106.0 

114.0 

kHz 

LTC1063MJ 

97.6 

105.6 

113.6 

kHz 

Vs  = 

±7.5V 

104.3 

110.3 

116.3 

kHz 

LTC1063CN,CS,CJ 

101.3 

109.3 

116.3 

kHz 

LTC1063MJ 

100.4 

108.4 

116.3 

kHz 

External  CLK  Pin  LogicThresholds 

VS  =  ±2.375V 

Min  logical  "1 ' 

1.43 

V 

Max  logical  "0" 

0.47 

V 

Vs  = 

±5.0V 

Min  logical  "1" 

3 

V 

Max  logical  "O" 

1 

V 

Vs  = 

±7.5V 

MinlogicalT 

4.5 

V 

Max  logical  "0" 

1.5 

V 

Power  Supply  Current 

vs= 

±2.375V 

2.7 

4 

mA 

LTC1063CN,CS,CJ 

5.5 

mA 

LTC1063MJ 

6 

mA 

Vs  = 

±5.0V 

5.5 

8 

mA 

LTC1063CN,CS,CJ 

11 

mA 

LTC1063MJ 

12 

mA 

Vs  = 

±7.5V 

7.0 

mA 

LTC1063CN,CS,CJ 

14.5 

mA 

LTC1063MJ 

16 

mA 

temperature  range. 

Note1:The  maximum  clockfrequencycriteriumisarbitrarily  defined  as: 
Thefrequency  atwhich  thefi  Iter  AC  response  exhibits*  1  dB  of  gain 
peaking. 

Note2:  At  limited  temperature  ranges  ( i.e.TAs  50°C )  the  minimum 
clockfrequency  can  beas  lowas  1 0Hz.  The  minimum  clockfrequency  is 
arbitrarily  defined  to  be:The  clockfrequency  at  whichthe  output  DC  offset 
changes  by  more  than  1  mV. 


feedthrough. 

Note4:To  properly  evaluatethefiltersharmonicdistortionan  inverting 
output  buffer  is  recommended,  figure  1 ;  output  buffering  is  not 
necessarily  needed  when  measuring  output  DC  offset  orwideband  noise. 
Note5:Theoutput  DC  offset  is  optimized  for±5V  supply.  The  output  DC 
offset  shifts  when  the  powersupplies  change;  however  this  phenomenon 
isrepeatableand  predictable. 


-23 


LTC1063 


T€ST  CIRCUIT 


Wideband  Noise  +  THD  vs  VIN 
fc=  20kHz,  fIH=  1kHz 


VOUT 


CLOCK  IN 

Figure  1. 


0.001 


Vsuppiv*5.0V 


S=2 


0.1 


Self  Clocking  Frequency  vs  R 


110k 
100k 
90k 
80k 

la 

g  70k 
g  60k 
g  50k 

EC 

40k 
30k 
20k 
10k 


4 

r 

i 

LTC1063 

T 

C  =  200pf  r 

50 
45 
40 

•|-  35 
fc  30 

CO 

S  25 
5?  20 
o  15 
10 
5 


Output  Offset  vs  Clock 


I  I 

A:TA=25'C 
B:TA.85°C 

300 
fosc(kHz) 


500 


10HZ 


110Hz 
fCix(EXTERNAL  CLOCK) 


♦5 
♦4 
♦3 
f  +2 

a  o 

S  -1 

o  -2 
-3 
•4 
-5 


V,h(VRMs) 

Output  Offset  vs  Clock 


J-4 

VSUPPLY  •  ±7  5V 

PLY 

•  t 

j.OV 

PLY 

=  ± 

>.5V 

500kHz 
lcu<(EXTERNALCLOCK) 


100CW2 


Sharing  Clock 
Multichannel  Applications 


APPLICATIONS 


Single  5V  Supply  Operation 


Cascading  Two  LTC1063s  for 
Steeper  Rolloff 


O.lgF 


0.1  pF 


IFTHE INPUTVOLTAGE  CAN  EXCEEOVt, 
CONNECTASIGNAL DIODE  BETWEEN  PIN  1 AN0V+ 


fc.{1/RC)(W00 
WIDEBANDN0ISE=14LVVRMS 
ATTENUATION  AT1=2fc=60dB 
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TECHNOLOGY 


LTC 1 064-7/LTC 1 1 64-7/LTC 1 264-7 


F€flTUR€S 

■  Steeper  rolloff  than  Bessel  filters 

■  Low  power  (LTC1 164-7, /c<  20kHz) 

■  General  purpose  (LTC1 064-7,  /c  <  100kHz) 

■  High  speed  (LTC1264-7,  /c  <  250kHz) 

■  Phase  and  Group  Delay  response  fully  tested 

■  Transient  response  with  5%  overshoot  and  no 
ringing 

■  No  external  components  needed 

APPUCflTIOnS 

■  Data  communication  filters 

■  Time  delay  networks 

■  Phase  matched  filters 

■  Antialiasing  filters 

■  Smoothing  filters  for  DAC  outputs 

■  Battery  operated  instrumentation 


The  LTC1 064-7,  LTC1 164-7,  LTC1 264-7,  are  clock  tun- 
able monolithic  8th  order  lowpass  filters  with  linear 
passband  phase  and  flat  group  delay.  Their  amplitude 


;  Group  Delay 
Equalized,  8th  Order 
Low  Pass  Filters 

September  1991 


response  approximates  maximally  flat  passband  and 
exhibits  steeper  rolloff  than  an  equivalent  8th  order 
Bessel  filter.  The  cutoff  frequency  of  the  filters  is  tuned 
with  an  external  TTL  or  CMOS  clock. 

The  LTC1 1 64-7 features  low  power,  wide  dynamic  range 
and  a  maximum  cutoff  frequency  of  20kHz.  With  1  Vrms 
input  and  an  appropriate  PCB  layout,  76dB  (S/N  ratio  + 
THD)  can  be  obtained. 

The  LTC1 064-7  features  similar  dynamic  range  and  a 
maximum  cutoff  frequency  of  100kHz.  The  clock  to 
cutoff  frequency  ratio  for  both  the  LTC1 064-7  and 
LTC1 164-7  is  either  50:1  (pin  1 0  to  V+)  or  100:1  (pin  10 
to  V-). 

The  LTC1264-7  is  optimized  for  speed.  Depending  on 
the  operating  conditions,  cutoff  frequencies  between 
200kHz  and  250kHz  can  be  obtained.  The  clock  to  cutoff 
frequency  ratio  of  the  LTC1 264-7  is  either  25:1  or  50:1 . 

All  3  filters  are  pin  compatible  with  the  LTC1064-X 
series. 

See  page  13-84  for  more  complete  information  on  the  LTC1264-7. 


TVPICfll  APPUCRTIOn 

200kHz  Linear  Phase  Low  pass  Filter 


4 

+8V- 

5 


 C  

LTC1 264-7 


13 

12 

11 

10 

-8V 

.  FCLK=4.5MHz 


-VOUT 


NOTE:  THE  POWER  SUPPLIES  SHOULD  BE  BYPASSED  BY  A  0.1|if  CAPACITOR 
CLOSE  TO  THE  PACKAGE  AND  ANY  PRINTED  CIRCUIT  BOARD  ASSEMBLY  SHOULD 
MAINTAIN  A  DISTANCE  OF  AT  LEAST  0.2  INCHES  BETWEEN  ANY  OUTPUT  OR 
INPUT  PIN  AND  THE  FOLK  LINE. 


0 

5 

10 

15 

20 

25 
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40 

Frequency  Response 
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DE 

_AY 

\ 

\ 

\ 

\ 

105        205       305  405 
FREQUENCY  (kHz) 
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7.0 
6.5 

6.0  o 
5.5  § 
5.0  5. 
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4.0 
3.5 

~505 


y 
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LTC 1 064-7/LTC 1 1 64-7/LTC 1 264-7 


absolute  mnximum  ratiags 

Total  Supply  Voltage  (V+  to  V-)  16V 

Power  Dissipation  400mW 

Storage  Temperature  Range  -65°C  to  150°C 


Burn-in  Voltage  16V 

Operating  Temperature  Range  -40°C  to  85°C 

Voltage  at  Any  Input  ..[(V-)  -  0.3V]  <  V,N  <  [(V+)  +  0.3V] 


PRCKAG€/ORD€R  lAFORfnATIOn 


TOP  VIEW 

ORDER  PART 
NUMBER 

NC  E 
VIN  E 
GND  U 

U]  OUT(C) 
H]  NC 
l£i  V- 

LTC1264-7CN 

V+  E 
GND  E 
LP(A)  E 
RIN(A)  E 

El  FCLK 
M  25/50 
FJ  VOUT 
11  NC 

See  page  13-84  for 
more  complete 
information  on  the 
LTC1264-7. 

N  PACKAGE 
14  LEAD  PLASTIC  D 

IP 

TOP  VIEW 

LTC1164-7CN 
LTC1064-7CN 

NC  E 
VIN  E 
GND  E 
V*  E 
GND  |T 
LP(A)  E 
INV(A)  E 

U]  RIN(A) 
ll]  NC 
Hi  V- 
JjD  FCLK 
10]  50/100 
TJ  VOUT 
TJ  NC 

N  PACKAGE 
14  LEAD  PLASTIC  DIP 

TOP  VIEW 


ncLI 

VIN  U 
GND  Ll 

wE 

NC  E 
NC  E 
LP(A)  E 
RIN(A)  E  I 


M  OUT(C) 
U  NC 
ID  V- 
H  NC 
12]  FCLK 
ID  25/50 
il  NC 
9]  VOUT 


S  PACKAGE 
16-LEAD  PUSTIC  SOL 


TOP  VIEW 


NC  E 

VIN  E 
GND  E 

V.E 
GND  E 

NC  E 
LP(A)  E 
INV(A)  E 


M  RIN(A) 
ll  NC 
Hi  V- 
13]  NC 
iU  FCLK 
ID  50/100 
10]  NC 
9]  VOUT 


S  PACKAGE 
16-LEAD  PLASTIC  SOL 


ORDER  PART 
NUMBER 


LTC1264-7CS 


See  page  13-84  for 
more  complete 
information  on  the 
LTC1264-7. 


LTC1164-7CS 
LTC1064-7CS 


CLCCTRICRL  CHARACTERISTICS 

Vs=±7.5Volts,  r\QAD=iak,  TA=250C,  /clk=1MHz(LTC1D64-7),  400kHz(LTC1164-7),  2.5MHz(LTC1264-7), 
TTL  or  CMOS  Level  and  ail  Gain  measurements  are  referenced  to  passband  Gain  unless  otherwise  specified. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


Passband  Gain 
(0.1Hz-0.25/cutoff) 


LTC1 064-7 
LTC1 164-7 
LTC1 264-7 


/test=5kHz  (50:1) 
/test=2kHz  (50:1) 
/test=25kHz  (25:1) 


-0.10 
-0.10 
-0.10 


Gain  at  0.5/cutoff 


LTC 1064-7 
LTC1 164-7 
LTC1264-7 


/test=1 0kHz  (50:1) 
/test=5kHz  (100:1) 
/test=4kHz  (50:1) 
/test=2kHz  (100:1) 
/test=50kHz(25:1) 
/test=25kHz  (50:1) 


-0.10 
-0.10 
-0.10 
-0.10 
-0.30 
-0.15 


Gain  at  0.75/cutotf 


LTC1 064-7 
LTC1 164-7 
LTC1 264-7 


/test=15kHz  (50:1) 
/test=6kHz  (50:1) 
/test=75kHz  (50:1) 


-0.65 
-0.65 
-1.00 
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LTC 1 064-7/LTC 1 1 64-7/LTC 1 264-7 


ClCCTMCm  CHARRCTCRISTICS 


Vs=d7.5VoltS,  HoAD=10k,  Ta=25°C,  /clk=1MHz(LTC1 064-7),  400kHz(LTC1164-7),  2.5MHz(LTC1 264-7), 
TTL  or  CMOS  Level  and  all  Gain  measurements  are  referenced  to  passband  Gain  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP  MAX 

UNITS 

Gain  at  /cutoff 

LTCt 064-7 

to  ,    a    ham  u    t r~ t\  a\ 

/test=20kHz  (50:1) 

-3.00 

dB 

/test=10kHz  (100:1) 

-3.00 

do- 

LTCf164-7 

/test=8kHz  (50:1) 

-3.00 

do- 

/test=4kHz  (100:1) 

-3.00 

dB 

LTC1 264-7 

/test=1 00kHz(25:1) 

-3.00 

dB 

ft  pet— snkH7  ("sfi'i  \ 

J  tool  —  UUTVF  IC    \0\Jt  1  J 

-3.00 

dB 



Gain  at  2.0/cutoff 

LTC1 064-7 

/test=40kHz  (50:1) 

-34 

dB 

tte^\-7Vlk\\7  (100-11 

-34 

dB 

LTC1 164-7 

/test=16kHz  (50:1) 

-34 

dB 

ftp<it-fikH7  tffflO'11 
j icot— of\ni      iuu.  i ) 

-34 

dB 

i  TP1 ORA  7 
L  1 01 £04"/ 

-28 

dB 

-30 

dB 

Gain  with 

LTC1 064-7 

/test=200Hz  (100:1) 

-3.00 

dB 

fclk=20kHz 

LTC1 164-7 

/test=200Hz  (100:1) 

-3.00 

dB 

LTC1 264-7 

/test=200Hz  (50:1) 

-0.30 

dB 

Gain  with 

LTC1 064-7 

/test=4kHz  (50:1) 

n  m 
-U.1U 

HP 
WW 

VS=±2.375V,  fclk=400kHz 

/test=8kHz  (50:1) 

-3.00 

dB 

LTC1 164-7 

/test=4kHz  (50:1) 

-0.10 

dB 

/test=8kHz  (50:1) 

-3.00 

dB 

LTC1 264-7 

/test=8kHz  (25:1) 

0.15 

dB 

/tesi=lbknz  (^o.l) 

-2.70 

dB 

Gain  with 

LTC1 264-7 

/test=1 60kHz(25:1) 

-1.00 

dB 

fclk=4MHz 

Vin=1VRMS 

Phase  Factor  (a>) 

Phase  =  180°-ci>(///c) 

(Notet) 

( 0.1  Hz  </< /cutoff) 

LTC1 064-7 

50:1 

AVI 

Hoy, 

deg 

100:1 

410 

deg 

LTC1 164-7 

50:1 

All 

deg 

100:1 

418 

deg 

LTC1 264-7 

25:1 

407 

deg 

50:1 

390 

deg 

Phase  Deviation  from 

LTC1 064-7 

50:1 

±0.7 

% 

Linear  Phase 

100:1 

±1.0 

% 

(Notet) 

LTC1 164-7 

50:1 

±U./ 

0/ 

70 

100:1 

±1.0 

% 

LTC1 264-7 

25:1 

±0.7 

% 

50:1 

±0.5 

% 

Group  Delay  (TD) 

TD  =  (1  /360)(*//c) 

(Note  2) 

LTC1 064-7 

/c=20kHz  (50:1) 

60 

us 

/c=10kHz  (100:1) 

116 

MS 

LTC1 164-7 

/c=8kHz  (50:1) 

150 

MS 

/c=4kHz  (100:1) 

290.3 

MS 

LTC1 264-7 

/c=100kHz  (25:1) 

11.3 

MS 

/c=50kHz  (50:1) 

21.6 

us 

Group  Delay  Deviation 

LTC1 064-7 

50:1 

±0.7 

% 

(Note  2) 

100:1 

±1.0 

% 

LTC1 164-7 

50:1 

±0.7 

% 

100:1 

±1.0 

% 

LTC1 264-7 

25:1 

±0.7 

% 

50:1 

±0.5 

% 

XTlfiSS 
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€l€CTRICfll  CHRRRCTCniSTICS 

Vs=±7.5Volts,  H.0AD=1«Wt.  TA=25°C,  /clk=1  MHz(LTC1 064-7),  400kHz(LTC11S4-7),  2.5MHz(LTC1264-7), 
TTL  or  CMOS  Level  and  all  Gain  measurements  are  referenced  to  passband  Gain  unless  otherwise  specified. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Input 


LTC1064-7/LTC1164-7 
LTC1 264-7 


50:1 
100:1 
25:1 
50:1 


</clk 
</clk/2 
</clk 
</clk/2 


MHz 
MHz 
MHz 
MHz 


Maximum  /elk 


LTC1 064-7/  LTC1 264-7 


LTC1 164-7 


VS=>7.0V 
VS=±5.0V 
VS=±2.5V 
VS=>7.0V 
Vs^tS.OV 
VS=±2.5V 


5 
4 

2 

1.5 

1.0 
0.5 


MHz 
MHz 
MHz 
MHz 
MHz 
MHz 


Clock  Feedthrough  ( /  >  /elk ) 

LTC1064-7/  LTC1164-7 
LTC1 264-7 


VS=±7.5V,  Input  at  GND 

50:1 

25:1 

50:1 


200 
200 
700 


^Vrms 

mVrms 

MVrms 


Wideband  Noise  ( 1Hz  </< /elk ) 

LTC1 064-7/  LTC1 164-7 
LTC1 264-7 


VS=±7.5V,  Input  at  GND 

50:1 

25:1 


110 


hVrms 
hVrms 


Input  Impedance 


LTC1064-7/  LTC1164-7 
LTC1 264-7 


50 
56 


k£2 


Output  DC  Voltage  Swing  LTC1 064-7 

LTC1 164-7 
LTC1 264-7 


Vs=±5.0V 
Vs=±7.5V 
Vs=±5.0V 
Vs=±7.5V 
Vs=±5.0V 
Vs=±7.5V 


±3.4 
±5.6 
±4.0 
±6.1 
±2.4 
+4.0 


Volts 
Volts 
Volts 
Volts 
Volts 
Volts 


Power  Supply  Current 

LTC1 064-7/  LTC1 264-7 


LTC1 164-7 


VS=±2.375V 

VS=±5.0V 

VS=±7.5V 

VS=±2.375V 

VS=±5.0V 

VS=±7.5V 


11 

14 

17 

3 

5 

7 


mA 
mA 
mA 
mA 
mA 
mA 


Power  Supply  Range 


4.75 


Note  1:  Input  frequencies,  /,  are  linearly  phase  shifted  through  the  filter  as 
long  as  /  £  /c;  /c  =  cutoff  frequency. 
Figure  1  curve  (A)  shows  the  typical  phase  response  of  an  LTC1264-7 
operating  at /elk  =  2.5MHz,  /c  =  100kHz.  An  endpoint  straight  line,  curve 
(B),  depicts  the  ideal  linear  phase  response  of  the  filter.  It  is  described  by: 

phase  shift  =  180° -4>(///c);/</c  (1) 
<t>  is  arbitrarily  called  the  "phase  factor"  expressed  in  degrees.  The  phase 
factor  together  with  the  specified  deviation  from  the  ideal  straight  line  allows 
the  calculation  of  the  phase  at  a  given  frequency .  Note,  the  maximum  phase 
non  linearity,  figure  1 ,  occurs  at  the  vicinity  of  /  =  0.25  /c,  and  =  0.75  /c. 
Example:  The  phase  shift  at  70kHz  of  the  LTC1 264-7  shown  in  figure  1  is: 

phase  shift  =  1 80°  -  407°  (70kHz  / 1 00kHz )  ±  non  linearity 
=  -104.9° ±0.7%  or  -104.9° ±.73° 
Note  2:  Group  Delay  and  Group  Delay  Deviation  are  calculated  from  the 
measured  Phase  Factor  and  Phase  Deviation  specifications. 


PHASE  RESPONSE  IN  THE  PASSBAND 
LTC1264-7,  FCLK=2.5MHz,  RATI0=25:1 


180 
90 
i  0 
'-90 
-180 
-270 
-SfiS 

10  20 


FREQUENCY  (kHz) 

FIGURE  (1) 
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ICHNOLOGY 


F€ATUR€S 

■  Wide  Input  Voltage  Range  3V  -  75V 

■  High  Switch  Voltage  100V 

■  Low  Quiescent  Current  4.5mA 

■  Internal  1A  Switch 

■  Shutdown  Mode  Draws  Only  130nA  Supply  Current 

■  Isolated  Flyback-Regulated  Mode  for  Fully  Floating 
Outputs 

■  Can  Be  Externally  Synchronized 

■  Frequency  Shifts  in  Current  Limit 

■  Available  in  MiniDip,  TO-220  and  TO-3  Packages 

■  Same  Pinout  as  LT1072 

APPLICATIONS 

■  Telecom  5V  Supply  @  0.8A  from  -48V  (-10V  -70V) 

■  90V  Supply  @  120mA  from  15V 

■  All  Applications  using  LT1072  (See  Below  for 
Specification  Differences) 

LT1082  and  LT1D72  Major  Specification  Differences 


VlN 

VsWITCH 

Switch  Current  Limit 
Quiescent  Current 
Operating  Frequency 
Flyback  Reference  Voltage 


LT1082C 

3V-75V 

100V 

1A 

4.5mA 
60kHz 

16.2+0.6(35kQ/RFB) 
(See  Figure  2.) 


LT1072HV 

3V-60V 

75V 

1.25A 

6mA 

40kHz 


tPL^ELOLM]0[jm[R}Y 

LT1082 

1 A  High  Voltage  High  Efficiency 
Switching  Voltage  Regulator 

January  1992 

DESCRIPTION 

The  LT1082  is  a  monolithic  high  power,  high  voltage 
switching  regulator.  It  can  be  operated  in  all  standard 
switching  configurations  including  buck,  boost,  flyback, 
forward  and  inverting.  A  high  current,  high  efficiency 
switch  is  included  on  the  die  along  with  all  oscillator, 
control  and  protection  circuitry. 

The  LT1082  operates  with  supply  voltages  from  3V  to 
75V,  switch  voltage  up  to  100V  and  draws  only  4.5mA 
quiescent  current.  It  can  deli  ver  load  power  up  to  20  watts 
with  no  external  power  devices.  By  utilizing  current-mode 
switching  techniques,  it  provides  excellent  AC  and  DC 
load  and  line  regulation. 

An  externally  activated  shutdown  mode  reduces  total 
supply  current  to  130mA  typical  for  standby  operation. 
Totally  isolated  and  regulated  outputs  can  be  generated  by 
using  the  optional  "isolated  flyback  regulation  mode"  built 
into  the  LT1082,  without  the  need  for  optocouplers  or 
extra  transformer  windings. 

The  LT1082  has  a  unique  feature  to  provide  high  voltage 
short  circuit  protection.  When  the  FB  pin  is  pulled  down 
to  0.6V  and  the  current  out  of  the  pin  reaches  approxi- 
mately 350hA,  the  switching  frequency  will  shift  down 
from  60kHz to  14kHz.  (See  Figure  1.) 

The  LT1 082  is  nearly  identical  to  the  lower  voltage  LT1 072. 
For  the  major  differences  in  specifications,  see  the  table 
on  the  left. 


TVPICRL  APPLICATION 

Telecom  5V  Power  Supply 

•*250|»H 


82|»F  Z. 
80V  — 

Chemi-con 
SXE  SERIES 


-30V  TO  -70V 

o— 


VlN 

LT1082 

GND  Vc 

FB 

4.7k 
0.22^ 


n 


*  MOTOROLA MUR110(100V,1A) 
"  COILTRONICS  CTX-250-1-52 
2N5401 


Short-Circuit  Frequency  Shiftdown 


o-c 

100°C 

— 

( 

3  2 
vOUT  00 
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LT1082 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  75V 

Switch  Output  Voltage  100V 

Feedback  Pin  Voltage  (Transient,  1ms)  ±15V 

Operating  Junction  Temperature  Range 

LT1082M  -55°C  to  150°C 

LT1082I  -40°Cto125°C 

LT1082C  0°C  to  100°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


__— — — — ^ 

€L€CTfllCAL  CHARACT€RISTICS 

Unless  otherwise  specified,  VIK=  15V,  Vc=  0.5V,  VFB=  VREf,  output  pin  is  open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Vref 

ReferenceVoltage 

Measured  at  FeedbackPin 
VC  =  0.8V 

1524    1.244  1.264 
1.214    1.244  1.274 

V 
V 

Ib 

Feedback  Input  Current 

Vfb  =  Vref 

350  750 
1100 

nA 
nA 

gm 

Error  Amplifier 
Transconductance 

AIc  =  ±25mA 

3000    4400  6000 
2400  7000 

urn  ho 
nmho 

Error  Amplifier  Sourceor 
SinkCurrent 

VC  =  1.5V 

150      200  350 
120  400 

uA 
uA 

Error  Amplifier  Clamp 
Voltage 

Hi  Clamp,  VFB  =  1V 
Lo  Clamp,  VFB  =  1.5V 

1.8  2.3 
0.17     0.22  0.30 

V 
V 

Reference  Voltage  Line  Regulation 

3VSVINSVMAX,VC  =  0.8V 

0.03 

%/V 

AV 

Error  Amplifier  Voltage  Gain 

0.9V  sVcs  1.4V 

400  700 

V/V 

Minimum  InputVoltage 

2.6  3.0 

V 

SupplyCurrent 

3VsV|NsVMAX,Vc  =  0.6V 

4.5  6.5 

mA 

Control  Pin  Threshold 

Duty  Cycle  =  0 

0.8      0.9  1.08 
0.6  1.25 

V 
V 

Normal/Flyback  Threshold  on  Feedback  Pin 

0.53     0.6  0.72 

V 

f 

Switching  Frequency 

50       60  70 
45  75 

kHz 
kHz 

SwitchingFrequency 

800(iA£lFB2450nA 

14 

kHz 

BV 

Output  SwitchBreakdown  Voltage 

3VsV|NsVMAX,lsw  =  1mA 

100  115 

V 

PRCKAG€/ORD€R  INFORMATION 


ORDER  PART  NUMBER 


LT1082MK 


5 

o 

4 

3 
2 

01 

LT1082CT 
LT1082IT 


GND  [T 

«c  LI 

FB  [T 
NC  \T 


TOPVIEW 
 <3>  


T]  E2 

T\  El 
II  V|N 


HERMETIC  J8  PACKAGE 
PLASTIC  DIP  N8  PACKAGE 


LT1082MJ8 
LT1082CN8 
LT1082IN8 
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LT1082 


tt€CTRICAL  CHRRRCTCRISTICS 

Unless  otherwise  specified,  V!N  =  15V,  Vc=  0.5V,  VFB  =  VREF,  output  pin  is  open. 


5YMBUL 

Dinmnrn 

rAHAIVlt  1  tn 

CONDITIONS 

MIN       TYP  MAX 

UNIIo 

ControlVoltagetoSwitch 
CurrentTransconductance 

1.5 

A/V 

Vfb 

Flyback  Reference  Voltage 

Ifb  =  60mA 

• 

17.5     19  20.5 
16.5  21.5 

V 
V 

Change  in  Flyback  Reference  Voltage 

60nA  s  lFB  s  200nA 

3.5      4.6  6.0 

V 

Flyback  Reference  Voltage  Line  Regulation 

lFB  =  60uA,  3VsV|NsVmax 

0.01  0.03 

%/v 

Flyback  Amplifier  Transconductance  (gm) 

ai  .in,,A 

Ale  =  ±lU|JA 

150      300  500 

urn  ho 

Fiybsck  Amplifier  Source 

VC  =  0.6V  Source 

'FB  —  "U[jm 

• 

ID         oc  (u 

30       50  90 

pA 
MA 

VSAT 

fintnnt  ^wrtrh  TIN1  Rp^Ktanrp  (Nnfp  1  \ 

i„.,-ia/i Tinfl9P\  i™.,-n wfl f\ Tinft9M\ 

'SW    ' "  v- '  '  vOcKj),  'SW    U.urt  ^1- 1  lUOtm; 

— 

n  a  19 

Q 

1 LIM 

Quwitrh  Purrpnt  1  imit 
OWILLI 1  OUIIGIIILIIIIIL 

(LT1082C) 

rtiitw  rsmia  —  cn<v              t  ^  oti°r* 
uuiy uycie s ou /o            ijato  u 

Duty  Cycle  s  50%  Tj<25°C 

Duty  Cycle  =  80%            (Note  2) 

* 
* 

1  OA 

1.1  2.6 
0.8  2.4 

A 

A 

A 
A 

Switch  Current  Limit 
(LT1082I) 

Duty  Cycle  s  50%  Tja25°C 
Duty  Cycle  s  50%  Tj<25°C 
Duty  Cycle  =  80%            (Note  2) 

0.9  2.4 
1.1  2.8 

U./  Z.o 

A 
A 
A 

Switch  Current  Limit 
(LT1082M) 

Duty  Cycle  s  50%            Tj2  25°C 
Duty  Cycle  s  50%  Tj<25°C 
Duty  Cycle  =  80%            (Note  2) 

0.8  2.4 
1.1  3.0 
0.65  2.8 

A 
A 
A 

AI|N_ 
AlsW 

Supply  Current  Increase 
During  Switch  On-Time 

30  40 

mA/A 

DC(max) 

Maximum  Switch  Duty  Cycle 

85       92  97 

% 

Flyback  Sense  Delay  Time 

1.5 

us 

ShutdownModeSupplyCurrent 

3VsV|NsVMAx,Vc  =  0.05V 

130  270 

MA 

Shutdown  Mode 
Threshold  Voltage 

3VSV,NSVMAX 

• 

100      150  250 
50  300 

mV 
mV 

The«denotes  specif)  cationswhich  apply  overtheoperatingtemperature 
range. 

Note  1 :  Measu  red  with  Vc  in  hi  clamp,  VFB = 0.8V. 


Note2:Forduty  cycles  (DC)from50%and  80%,  minimumguaranteedswitch 
current  decreases  linearly. 


TYPICRl  P€RFORMRNC€  CHARACTERISTICS 


Short-Circuit 
Frequency  Shiftdown 


Isolated  Flyback 
Reference  Voltage 


Rpp,  =  3kG 

"fb 

=  6k£i 

I  I 

25 


50  75  100  125 
TEMPERATURE  ("C) 


150 


760 
720 
f  680 
S  640 
|  600 

1  560 

o  520 
1 

g  480 

UJ 

u_ 

440 
400 


Normal/Flyback  Mode 
Threshold  on  Feedback  Pin 


0 

c 

10 

rc 

15C 

°c 

Figure  1. 


Figure  2. 


Figure  3. 
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BLOCK  DIAGRAM 


TYPICAL  APPLICATIONS 

Totally  Isolated  Converter 


Boost  Converter 


25mF 


124.t  MUR110  15V«0.3A 

-w- 


MUR110  .  _ 


V|N 

vsw 

LT1082 

GND  Vc 

FB 

0.01 11F 


MINIMUM  LOAD  OF  0.15A  IS  REQUIRED 
7k  FOR  EACH  OUTPUT.  (SEE  AN-19) 


vOUT 

1mH,1A       MUR110  90V®120mA 

-rnnn— *-M- 


100(if 
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F€fiTUR€S 

■  80|JA  Supply  Current 

■  3uA  Supply  Current  in  Shutdown 

■  8  Pin  SOIC  Plastic  Package 

■  Single  Supply  3V  to  9V  Operation 

■  Sample  and  Hold 

■  16uS  Conversion  Time 

■  33KHz  Sampling  Rate 

■  +1/2LSB  Total  Unadjusted  Error  Over  Temp 

■  Direct  3  Wire  Interface  to  Most  MPU  Serial  Ports 
and  All  MPU  Parallel  I/O  Ports 

■  Analog  Inputs  Common-Mode  to  Supply  Rails 


APPLICATIONS 

■  Battery  Operated  Systems 

■  Remote  Data  Acquisition 

■  Battery  Monitoring 

■  Battery  Gas  Gauges 

■  Temperature  Measurement 

■  Isolated  Data  Acquisition 


 LTC1096/LTC1098 

Micropower,  Sampling 
8-bit  Serial  I/O  A/D  Converters 

September  1991 

DESCRIPTION 

The  LTC1096/8  are  micropower,  8-bit  A/D  converters 
which  draw  only  80uA  of  supply  current  when  converting. 
They  automatically  power  down  to  3uA  of  supply  current 
whenever  they  are  not  performing  conversions.  They  are 
packaged  in  8  pin  SO  packages  and  operate  on  3V  to  9V 
supplies.  These  8-bit,  switched  capacitor,  successive 
approximation  ADCs  include  sample  and  holds.  The  1096 
has  a  single  differential  analog  input.  The  1098  offers  a 
software  selectable  2  channel  mux. 

On-chip  serial  ports  allow  efficient  data  transfer  to  a  wide 
range  of  microprocessors  and  microcontrollers  over  3 
wires.  This,  coupled  with  micropower  consumption,  makes 
remote  location  possible  and  facilitates  transmitting  data 
through  isolation  barriers. 

These  circuits  can  be  used  in  ratiometric  applications  or 
with  an  external  reference.  The  high  impedance  analog 
inputs  and  the  ability  to  operate  with  reduced  spans 
(below  1V  full  scale)  allow  direct  connection  to  sensors 
and  transducers  in  many  applications,  eliminating  the 
need  for  gain  stages. 

All  grades  are  specified  with  offset  and  linearity  errors  of 
±0.5LSB  maximum  over  temperature.  The  A  grade  de- 
vices are  specified  with  total  unadjusted  error  of  +0.5LSB 
maximum  over  temperature. 


TVPICAL  APPLICATION 


10uW,  SO-8  Package,  8-Bit  ADC 
Samples  at  200Hz  and  Runs  off  a  3V  Battery 

1uF  3V 


ANALOG  INPUT 
0-3V  RANGE   gj-|N 


CSV  ^ 
SHUTDOWN 
♦  IN  CLK  7} 


Vcc 


B-HI 


DOUT  §} 

Vref  It—1 


SERIAL  DATA  LINK 


LTC1096 


MPU 
(e.g..  8051) 

P1.4 

P1.3 
P1.2 


Supply  Current  vs  Clock  Rate  for 
Active  and  Shutdown  Modes 


10k  100k 

FREQUENCY  (Hz) 
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LTC1096/LTC1098 


RGSOLUT€  MAXIMUM  RATINGS 

(Notes  1  and  2) 

Supply  Voltage  (Vcc)  (Transient  10ms)  12V 

Supply  Voltage  (Vcc)  10V 

Voltage 

Analog  Reference  -0.3V  to  VCC+0.3V 

Digital  Inputs  -0.3V  to  10V 

Digital  Output  -0.3V  to  VCC+0.3V 

Power  Dissipation  500mW 

Operating  Temperature  Range 

LTC1096/8AC,  LTC1096/8C  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 


Notel :  Absolute  maximum  ratings  are  those  values  beyond  which  the 

lifeof  adevice  may  be  impaired. 

Note2:  All  voltage  values  are  with  respect  to  GND. 


PflCKflG€/ORD€R  INFORMATION 


TOP  VIEW    DIP  PACKAGE 

H  Vcc 
JJ  CLK 

1]  Dour 
Evref 


LTC1096 


S8  PACKAGE  N8  PACKAGE 

8-LEAO  PLASTIC  SOIC   8-LEAD  PLASTIC  DIP 


SO  PACKAGE      TOP  VIEW      DIP  PACKAGE 
ONLY^i  ONLY 


CS/ 

SHUTDOWN 


LTJJ   w     E  vccivref) 

CH0  H  LTC1098  3  CLK 
CH1  [T  I  H  Dout 

GNdE|  E  Din 

S8  PACKAGE  N8  PACKAGE 

8-LEAD  PLASTIC  SOIC    8-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LTC1096ACN8 
LTC1096CN8 
LTC1096ACS8 
LTC1096CS8 


LTC1098ACN8 
LTC1098CN8 
LTC1098ACS8 
LTC1098CS8 


R€COMM€ND€D  OP€RRTING  CONDITIONS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN  MAX 

UNITS 

Vcc 

SupplyVoltage 

3  10 

V 

fCLK 

Clock  Frequency 

VCC  =  5V 

0.025  0.5 

MHz 

tcYC 

Total  Cycle  Time 

LTC1096,fCLK  =  500KHz 
LTC1098,fCLK  =  500KHz 

29 
29 

MS 
MS 

thOI 

Hold  Time,  D|N  After  CLKt 

VCC  =  5V 

150 

ns 

tsuCS 

Setup  Time  CSj  Before  First  CLKt  (See  Figures  1  and  2) 

Vcc  =  5V,LTC  1096 

1 

MS 

VCC  =  5V,LTC1098 

1 

MS 

twakeup 

Wakeup  Time  CSi  Before  First  CLKJ  After  First  CLKT 
(See  Fig.  1) 

VCC  =  5V,LTC1096 

10 

MS 

Wakeup  Time  CSi  Before  MSBF  Bit  CLK|  (See  Fig.  2) 

Vcc  =  5V,LTC  1098 

10 

MS 

tsuDI 

Setup  Time,  DjN  Stable  Before  CLKT 

VCC  =  5V 

400 

ns 

'WHCLK 

CLKHighTime 

VCc  =  5V 

0.8 

MS 

twLCLK 

CLKLowTime 

VCC  =  5V 

1 

MS 

CS  High  Time  Between  Data  Transfer  Cycles 

VCC  =  5V 

1 

MS 

tWLCS 

CS  Low  Time  During  Data  Transfer 

LTC1096,(CLK  =  500KHz 
LTC1098,fcLK  =  5O0KHz 

00  CO 

MS 
MS 
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LTC1096/LTC1098 


CONV€RT€R  RND  MULTIPl€X€R  CHRRRCT€RISTICS  (Note 3) 


.  —  

PARAMETER 

CONDITIONS 

LTC1096/8A 
MIN     TYP  MAX 

LTC1 096/8 
MIN     TYP  MAX 

UNITS 



Offset  Error 

• 

±0.5 

±0.5 

LSB 

Linearity  Error 

(Note  4) 

• 

±0.5 

±0.5 

LSB 

Full  Scale  Error 

• 

±0.5 

±1 

LSB 

Total  Unadjusted  Error 

VREF  =  5.000V  (Note  5) 

• 

±0.5 

±1 

LSB 

Analog  and  REF  Input  Range 

-0.05VtoVcc+0.05V 

V 

On  Channel  Leakage  Current  (Note  6) 

• 

±1 

±1 

PA 

Off  Channel  Leakage  Current  (Note  6) 

—  —  

• 

±1 

±1 

PA 

€L€CTRICRLCHRRRCT€RISTICS(Note3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN       TYP  MAX 

UNITS 

VfH 

High  Level  Input  Voltage 

VCC  =  5.25V 

• 

2.0 

V 

Vn 

Low  Level  Input  Voltage 

Vcc  =  4.75V 

0.8 

V 

l|H 

High  Level  Input  Current 

V|N  =  V(x 

• 

2.5 

MA 

III 

Low  Level  Input  Current 

V|N  =  0V 

-2.5 

MA 

VOH 

High  Level  Output  Voltage 

Vcc  =  4.75V,  lo  =  10pA 
lo  =  360pA 

4.5  4.74 
2.4  4.72 

V 
V 

Vol 

Low  Level  Output  Voltage 

Vcc  =  4.75V,  l0  =  1.6mA 

0.4 

V 

loz 

Hi-Z  Output  Leakage 

CSHigh 

±3 

MA 

'source 

Output  Source  Current 

VOUT  =  0V 

-25 

mA 

ISINK 

OutputSinkCurrent 

VoUT  =  VCc 

45 

mA 

Ice 

SupplyCurrent 

CS  =  High 

tCYC£200ps,  fCLKs50KHz 
tCyC  =  29ps,  fCLK  =  500KHz 

0.001  3 
40  80 
120  180 

MA 
MA 
MA 

I  REF 

Reference  Current 

CS  =  High 

tCYc2=200ps,  fCLKs50KHz 
tCVc  =  29ps,  fCLK  =  500KHz 

0.001  2.5 
3.5  7.5 
35  50 

MA 
MA 
MA 

tsMPL 

Analog  Input  Sample  Time 

See  Figures  1  and  2 

1.5 

CLK  Cycles 

tcONV 

Conversion  Time 

See  Figures  1  and  2 

8 

CLK  Cycles 

tdDO 

Delay  Time,  CLKi  to  D0ut  Data  Valid 

CL0AD  =  100pF 

• 

50  150 

ns 

tdis 

Delay  Time,  CSf  to  D0ut  Hi-Z 

• 

170  450 

ns 

ten 

Delay  Time,  CLK|  to  D0Ut  Enabled 

CL0AD  =  100pF 

• 

60  150 

ns 

thDO 

Time  Output  Data  Remains  Valid  After  CLKI 

CLOA0  =  100pF 

30 

ns 

I| 

Dout  Fall  Time 

CLOA0  =  100pF 

• 

70  250 

ns 

t, 

Dout  Rise  Time 

CLOAD  =  100pF 

• 

25  100 

ns 

C|N 

Input  Capacitance 

Analog  Inputs  On  Channel 
Off  Channel 

Digital  Input 

30 

5 

5 

PF 
PF 
PF 
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Note  3:  Vcc  =  5V,  VREF= 5V  and  CLK = 0.5MHz  unless  otherwise  specified.  The  Note  5:  Total  unadjusted  error  includes  offset,  full  scale,  linearity,  multiplexer 

•  denotes  specifications  which  apply  over  the  operating  temperature  range.  and  hold  step  errors. 

Note  4:  Linearity  error  is  specified  between  the  actual  end  points  of  the  A/D  Note  6:  Channel  leakage  current  is  measured  after  the  channel  selection, 
transfer  curve. 


APPLICATIONS  INFORMATION 


Figure  1.  LTC1096  Operating  Sequence 


-ICYC- 


njijxnjiruiJiJir^ 


Figure  2.  LTC1098  Operating  Sequence 
Example:  Differential  Inputs  (CH+,  CH-) 


MSB  First  Data  (MSBF=1) 


-icvc- 


'suCS 
CLK 


 1 

J — L 


ODD/ 
START  SIGN 


««i_n_r 


SGU 
DIFF 


Hl-Z 


DouT 


'SMPL — \4  ►f* 

MSB  First  Data  (MSBF=0) 


tj  87  |  B6  |  B5  |  84  |  63  [  82  |  B1  I  BO  |  FILLED  WITH  ZEROES 
 ta>NV  


Hl-Z 


-H 


-icvc- 


cs 

'suCS 


CLK 


^(^— -—  twakeup  H 


J — L 


ODD/ 
START  SIGN 

»«  inn 


sou 

DIFF 


Hl-Z 


'SMPl- 


MSBF 


Null  I 


jj  87  |  86  |  85  |  B4  |  83  |  B2  |  B1   I  80  I  B1  |  B2  |  B3  |  B4  |  85  |  B6  |  87 
^  ►r*  'CONV  


Hi-Z 


FILLED 
WITH  ZEROES 
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TECHNOLOGY 


LT1108 


Micropower 
DC-DC  Converter 
Adjustable  and  Fixed  5V,  12V 


F€ATUR€S 

■  Operates  at  Supply  Voltages  From  2.0V  to  30V 

■  Consumes  Only  110(xA  Supply  Current 

■  Works  in  Step-Up  or  Step-Down  Mode 

■  Only  Three  External  Components  Required 

■  Low  Battery  Detector  Comparator  On-Chip 

■  User-Adjustable  Current  Limit 

■  Internal  1A  Power  Switch 

■  Fixed  or  Adjustable  Output  Voltage  Versions 

■  Space  Saving  8-Pin  MiniDIP  or  S08  Package 

APPLICATION 

■  Palm  Top  Computers 

■  3V  to  5V,  5V  to  12V  Converters 

■  9V  to  5V,  1 2V  to  5V  Converters 

■  LCD  Bias  Generators 

■  Peripherals  and  Add-On  Cards 

■  Battery  Backup  Supplies 

■  Cellular  Telephones 

■  Portable  Instruments 


DCSCAIPTIOn 

The  LT1108  is  a  versatile  micropower  DC-DC  converter. 
The  device  requires  only  three  external  components  to 
deliver  a  fixed  output  of  5V  or  1 2V.  Supply  voltage  ranges 
from  2.0V to  12V  in  step-up  modeand  to  30V  in  step-down 
mode.  The  LT1 108  functions  equally  well  in  step-up,  step- 
down  or  inverting  applications. 

The  LT1 1 08  is  pin-for-pin  compatible  with  the  LT1 1 73,  but 
has  a  duty  cycle  of  70%,  resulting  in  increased  output 
current  in  many  applications.  The  LT1108  can  deliver 
1 50mA  at  5V  from  a  2AA  cell  input  and  5V  at  300mAf rom 
9V  in  stepdown  mode.  Quiescent  current  is  just  110|iA, 
making  the  LT1108  ideal  for  power-conscious  battery 
operated  systems. 

Switch  current  limit  can  be  programmed  with  a  single 
resistor.  An  auxiliary  gain  block  can  be  configured  as  a  low 
battery  detector,  linear  post  regulator,  under  voltage  lock- 
out circuit  or  error  amplifier. 


TYPICAL  APPLICATION 


Palmtop  Computer  Logic  Supply 


2XAA 
ALKALINE  CELLS 


*L1  =  GOWANDAGA20-103K 
COILTRONICS  CTX100-4 
SUMIDACD105-101K 


5V 

150mA 
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LT1108 


rbsoiutc  mnximum  rrtirgs 

Supply  Voltage  (V!N)  36V 

SW1  Pin  Voltage  (VSW1)  50V 

SW2  Pin  Voltage  (VSW2)  -0.5V  to  V,N 

Feedback  Pin  Voltage  (LT1108)  5V 

Sense  Pin  Voltage  (LT1108,  -5,  -12)  36V 

Maximum  Power  Dissipation  500mW 

Maximum  Switch  Current  1.5A 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°Cto  150°C 

Lead  Temperature,  (Soldering,  10  sec.)  300°C 


pncKAG€/ORD€R  inFORmmion 


luu  LI 

V|N  LI 

swi  [J 

SW2  fT 


TOP  VIEW 



T]  FB  (SENSE)- 
7]  SET 
J]  AO 
T|  GND 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 

*  FIXED  VERSIONS 


Ium  LI 

swi  r? 

sw2q| 


JJ  FB  (SENSE)' 
JJ  SET 
T|  AO 
JJ  GND 


S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

■FIXED  VERSIONS 


ORDER  PART 
NUMBER 


LT1108CN8 

LT1108CN8-5 

LT1108CN8-12 


LT1108CS8 

LT1108CS8-5 

LT1108CS8-12 


€l€CTRICfll  CHARACTERISTICS  Ta  =  25°C,  V|N  =  3V,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

la 

Quiescent  Current 

Switch  Off 

• 

110 

150 

MA 

Iq 

Quiescent  Current,  Boost 

No  Load 

LT1 108-5 

135 

ma 

Mode  Configuration 

LT1108-12 

250 

HA 

VlN 

Input  Voltage 

Step-Up  Mode 

2.0 

12.6 

V 

Step-Down  Mode 

30 

V 

Comparator  Trip  Point  Voltage 

LT1108  (Note  1) 

1.20 

1.245 

1.30 

V 

VoUT 

Output  Sense  Voltage 

LT1 108-5  (Note  2) 

4.75 

5.00 

5.25 

V 

LT1108-12  (Note  2) 

11.4 

12.0 

12.6 

V 

Comparator  Hysteresis 

LT1108 

5 

10 

mV 

Output  Hysteresis 

LT1 108-5 

20  40 

mV 

LT1108-12 

50 

100 

mV 

fosc 

Oscillator  Frequency 

19 

kHz 

Duty  Cycle 

Full  Load 

70 

% 

'on 

Switch  ON  Time 

Ium  tied  to  V|N 

37 

(IS 

Feedback  Pin  Bias  Current 

LT1108.  VFB  = 

OV 

10 

50 

nA 

Set  Pin  Bias  Current 

VSET  =  VREF 

20 

100 

nA 

Vol 

Gain  Block  Output  Low 

lSlNK  =  100MA,  VSET  =  1-00V 

0.15 

0.4 

V 

Reference  Line  Regulation 

2.0V<V|N<5V 

0.2 

0.4 

%/V 

5V<V|N  <30V 

0.02 

0.075 

%/V 

VSAT 

SWSAT  Voltage,  Step-Up  Mode 

V|N  =  3.0V,  lsw  =  650mA 

0.5  0.65 

V 

V|N  =  5.0V,ISW  =  1A 

0.8 

1.0 

V 
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xrunse 


LT1108 


€l€CTRICRL  CHARACTERISTICS  TA  =  25=C,  V1N  =  3V,  unless  otherwise  noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN          TYP  MAX 

UNITS 

VSAT 

SWSAT  Voltage,  Step-Down  Mode 

Vin  =  12V,  lsw  =  650mA 

• 

1.1  1.5 
1.7 

V 
V 

AV 

Gain  Block  Gain 

Ru=100kn  (Note  3) 

• 

400  1000 

V/V 

Current  Limit 

220nfromlUMto  V!N 

400 

mA 

Current  Limit  Temperature  Coeff. 

• 

-0.3 

%/°C 

Switch  OFF  Leakage  Current 

Measured  at  SW1  Pin 

1  10 

n* 

VSW2 

Maximum  Excursion  Below  GND 

lswi^10nA,  Switch  Off 

-400  -350 

mV 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  Note  2:  The  output  voltage  waveform  will  exhibit  a  sawtooth  shape  due  to 

temperature  range.  the  comparator  hysteresis.  The  output  voltage  on  the  fixed  output 

Note  1:  This  specification  guarantees  that  both  the  high  and  low  trip  versions  will  always  be  within  the  specified  range, 

points  of  the  comparator  fall  within  the  1 ,20V  to  1 .30V  range.  Note  3: 1 0Okfi  resistor  connected  between  a  5V  source  and  the  AO  pin. 


typical  P€RFORmnnc€  characteristics 


1.2 

1.0 

0.8 

£ 

s 

0.6 

J? 

0.4 

0.2 

0 

Saturation  Voltage  Step-Up  Mode 
(SW2  Pin  Grounded) 


J 

V 

IN-3.01 

VlN- 

!.0v/ 

=  5.0V 

0       0.2      0.4      0.6      O.B  1.0 
'switch  (a) 


1.2 


Switch  ON  Voltage 

Step-Down  Mode 

(SW1  Pin  Connected  to  V!N) 


0.1    0.2    0.3    0.4    0.5    0.6    0.7  0.8 


1200 
1100 
1000 
I  900 
fc  800 

I  700 
3  600 

I  500 

I  400 

300 

200 

100 


Maximum  Switch  Current  vs 
Rum  Step-Up  Mode 


I  I  I 

IN  - 



h(*) 


100 

RumP) 


1000 

900 

800 

11  700 

I  600 
%  500 

I  400 

S  300 


Maximum  Switch  Current  vs 
Rum  Step-Down  Mode 


200 
100 


100 


Vou 

5V 

IN  -  21 
=  500|i 

V 

\_  \l 

H 

V|N=  12V 

L=250|iH 

1000 


Set  Pin  Bias  Current  vs 
Temperature 


\ 

IX 

=  3\ 

1 

Rum(o) 


0  25  50  75  100  125 
TEMPERATURE  fC) 


Feedback  Pin  Bias  Current  vs 
Temperature 


S  'o 


\ 

IN  =  3V 

-50    -26      0        25       50      75      100  126 
TEMPERATURE  ('C) 


XTUKS 
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LT1108 


pin  Funaions 

•um  (Pin  1):  Connect  this  pin  to  V|N  for  normal  use.  Where 
lower  current  limit  is  desired,  connect  a  resistor  between 
Ilim  and  V|N.  A  220Q  resistor  will  limit  the  switch  current 
to  approximately  400mA. 

V|N  (Pin  2):  Input  supply  voltage. 

SW1  (Pin  3):  Collector  of  power  transistor.  For  step-up 
mode  connect  to  inductor/diode.  For  step-down  mode 
connect  to  V|N. 

SW2  (Pin  4):  Emitter  of  power  transistor.  For  step-up 
mode  connectto  ground.  Forstep-down  mode  connectto 
inductor/diode.  This  pin  must  never  be  allowed  to  go  more 
than  a  Schottky  diode  drop  below  ground. 


GND  (Pin  5):  Ground. 

AO  (Pin  6):  Auxiliary  Gain  Block  (GB)  output.  Open  collec- 
tor, can  sinklOOnA. 

SET  (Pin  7):  GB  input.  GB  is  an  op  amp  with  positive  input 
connected  to  SET  pin  and  negative  input  connected  to 
1 .245V  reference. 

FB/SENSE  (Pin  8):  On  the  LT1108  (adjustable)  this  pin 
goes  to  the  comparator  input.  On  the  LT1 108-5  and 
LT1 1 08-1 2,  this  pin  goes  to  the  internal  application  resis- 
tor that  sets  output  voltage. 
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HNOLOGY 


F€ATUR€S 

■  Uses  Off-the-Shelf  Inductors 

■  Low  Cost 

■  8-Pin  DIP  or  SO  package 

■  Fixed  5V  or  12V  Output 

■  120kHz  Oscillator 

■  Only  Four  External  Components  Required 

■  320nA  Standby  Current 

■  Logic-Controlled  Shutdown 

APPLICATIONS 

■  Flash  Memory  Vpp  Generators 

■  3V  to  5V  Converters 

■  5Vto  12V  Converters 

■  Disk  Drives 

■  PC  Plug-In  Cards 

■  Peripherals 

■  Battery-Powered  Equipment 


[FBLILDMDIM^^Y 

LT1109A 

Micropower  Low  Cost 
DC-to-DC  Converter 
Adjustable  and  Fixed  5V,  1 2V 

February  1992 

DCSCRIPTION 

The  LT1109A  is  a  simple  step-up  DC-to-DC  converter. 
The  8-pin  DIP  or  SOIC  devices  require  only  four  external 
components  to  construct  a  complete  DC-to-DC  con- 
verter. Current  drain  is  just  320|iA  at  no  load,  making  the 
device  ideal  for  cost-sensitive  applications  where  standby 
current  must  be  kept  to  a  minimum. 

The  LT1109A-12  can  deliver  1 2  volts  at  up  to  140mA  from 
a  5  volt  supply,  enough  power  to  program  four  Flash 
Memory  chips  simultaneously.  The  LT1109A-5  can  de- 
liver 5  volts  at  up  to  150mA  from  a  2  volt  input.  The 
devices  feature  a  SHUTDOWN  pin  that  turns  off  the 
oscillator  when  taken  low.  The  gated-oscillator  design 
requires  no  frequency  compensation  components.  High 
frequency  120kHz  operation  permits  the  use  of  small 
surface  mount  inductors  and  capacitors. 


TYPICAL  APPLICATION 


All  Surface  Mount 
Flash  Memory  Vpp  Generator 


C1 

22nF: 
16V 


'lN  SENSE 
LT1109ACS8-12 


SHUTDOWN 

PGND  GND 


vOUT 
-12V 
140mA 


C2 
■47nF 
16V 


t  SUMIDA CD54-270K 
•  MATSUO  267M1602226  OR  EQUIVALENT 
••  MATSUO  267M1602476  OR  EQUIVALENT 


Output  Current 


V|N  = 

sv 

s 

0    20  40 


80  100  120  140  160  180 
OUTPUT  CURRENT  (mA) 


XTUH/S 
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LT1 109  A 


nesoiuTC  MAXIMUM  RATINGS     PACKAG€/ORD€R  information 


(Voltages  Referred  to  6ND  Pin) 

Supply  Voltage  (VIN)  -0.4V  to  20V 

SW  Pin  Voltage  "0.4V  to  50V 

Feedback  Pin  Voltage  (LT1109A)  5.5V 

SHUTDOWN  Pin  Voltage  5.5V 

Maximum  Power  Dissipation  300mW 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 

Switch  Current  1 -6A 


TOP  VIEW 


nc  n 

SW  [| 


8]  FB  (SENSE)* 

3  SHUTDOWN 

I]  NC 

5]  gnd 

N8  PACKAGE 

8-LEAD  PLASTIC  DIP 
•FIXED  VERSIONS 


TOP  VIEW 


S8  PACKAGE 
i-LEAD  PLASTIC  SOIC 
•  FIXED  VERSIONS 


ORDER  PART 
NUMBER 


LT1109ACN8 

LT1109ACN8-5 

LT1109ACN8-12 


LT1109ACS8 

LT1109ACS8-5 

LT1109ACS8-12 


€L€CTRICAL  CHARACT€RISTICS 


T«  =  25°C,  Vin  =  3V  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iq 

Quiescent  Current 

Switch  Off 

320 

450 

uA 

V,N 

Input  Voltage 

2 

9 

V 

Comparator  Trip  Point  Voltage 

LT1109A 

1.20 

1.25 

1.30 

V 

V0UT 

Output  Sense  Voltage 

LT1109A-5;3VsV|N5i5V 

4.75 

5.00 

5.25 

V 

LT1109A-12;3V<V|Ns12V 

11.52 

12.00 

12.55 

V 

Comparator  Hysteresis 

LT1109A 

8 

12.5 

mV 

Output  Voltage  Ripple 

LT1109A-5 

25 

50 

mV 

LT1109A-12 

60 

120 

mV 

'osc 

Oscillator  Frequency 

120 

kHz 

Ion 

Switch  On  Time 

5.6 

Ms 

DC 

Duty  Cycle 

Full  Load 

67 

% 

VcESAT 

Switch  Saturation  Voltage 

Isw  =  1A 

LT1109A-12:VIN  =  5V 

• 

0.7 
0.8 

V 
V 

Switch  Leakage  Current 

1 

10 

MA 

VlH 

SHUTDOWN  Pin  High 

• 

2.0 

V 

V,L 

SHUTDOWN  Pin  Low 

• 

0.8 

V 

In 

SHUTDOWN  Pin  Input  Current 

VSHUTD0WN*2.0V 

• 

10 

MA 

It 

SHUTDOWN  Pin  Input  Current 

0ViVSHUTDOWN*0.8V 

• 

20 

ma 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  temperature  range. 
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LT1112/LT1114 


TECHNOLOGY  Dual  /Quad  Low  Power 

Precision,  PicoamplnputOpAmps 


F€RTUR€S 

■  SO-8  package-standard  pin-out 

■  Offset  Voltage-prime  grade 

■  Offset  Voltage-low  cost  grade(incl.  SO-8) 

■  Offset  Voltage  Drift 

■  Input  Bias  Current 

■  0.1Hz  to  10Hz  Noise 

■  Supply  Current  per  amplifier 

■  CMRR 

■  Voltage  Gain 

■  Guaranteed  Specs  with  ±1 .0V  Supplies 

■  Guaranteed  Matching  Specifications 


5(VV  Max 
75nV  Max 
0.2|*W°C 
280pA  Max 
0.5(iVp-p,  2.2pAp-p 
400nA  Max 
120dB  Min 
1  Million  Min 


APPLICATIONS 

■  Picoampere/Microvolt  Instrumentation 

■  Two  and  Three  Op  Amp  Instrumentation  Amplifiers 

■  Thermocouple  and  Bridge  Amplifiers 

■  Low  Frequency  Active  Filters 

■  Photo  Current  Amplifiers 

■  Battery  Powered  Systems 


DESCRIPTION 

The  LT1 1 1 2  dual  and  LT1 1 1 4  quad  op  amps  achieve  a  new 
standard  in  combining  low  cost  and  outstanding  preci- 
sion specifications. 

The  performance  of  the  selected  prime  grades  matches  or 
exceeds  competitive  devices.  In  the  design  of  the  LT1 1 12/ 
LT1114,  however,  particular  emphasis  has  been  placed 
on  optimizing  performance  in  the  low  cost  plastic  and  SO 
packages.  For  example,  the  75[xV  maximum  offset  volt- 
age in  these  low  cost  packages  is  the  lowest  on  any  dual 
or  quad,  non-chopper  op  amp. 

The  LT1 1 12  and  LT1 1 14  also  provide  a  full  set  of  match- 
ing specifications,  facilitating  their  use  in  such  matching 
dependent  applications  as  two  and  three  op  amp  instru- 
mentation amplifiers. 

Another  set  of  specifications  are  furnished  at  ±1V  sup- 
plies. This,  combined  with  the  low  290[xA  supply  current 
per  amplifier,  allow  the  LT1112/LT1114  to  be  powered  by 

Protected  by  U.S.  patents  4,575,685;  4,775,884  and  4,837,496. 





DISTRIBUTION  OF  INPUT  OFFSET  VOLTAGE 
(IN  ALL  PACKAGES) 


VS=±15V 
T».25'C 


-70     -50     -30     -10     10      30      50  70 
INPUT  OFFSET  VOLTAGE  (^V) 
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LT1112/LT1114 


ABSOIUTC  MAXIMUM  RATINGS 

Supply  Voltage  ±20V 

Differential  Input  Current  ±1  OmA 

Input  Voltage  ±20V 

Output  Short  Circuit  Duration  Indefinite 

Lead  Temperature  (Soldering,  10  sec)  300°C 

Storage  Temperature  Range  -65°C  to  150°C 


Operating  Temperature  Range 
LT1112AM/LT1112M 

LT1 1 1 4AM/LT1 1 1 4M  -55°C  to  1 25°C 

LT1 1 1 2AC/LT1 1 1 2C/LT1 1 1 2S8 

LT1 1 14AC/LT1 1 14C  -40°C  to  85°C 


— 


PACKAGC/ORDCR  INFORMATION 


S8  PACKAGE 
8-LEADPLASTICSOIC 


OUT  A  ff 
-IN  A  |T 
♦IN  A  |T 
V-  |T 


J\  V* 
7]  OUT  8 
T\  IN  B 
T\  *IN  B 


J8  PACKAGE  N8  PACKAGE 

8-LEADCERAMICDIP       8-LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LT1112S8 


LT1112AMJ8 

LT1112MJ8 

LT1112ACJ8 

LT1112CJ8 

LT1112ACN8 

LT1112CN8 


ORDER  PART 

NUMBER 

TOP  VIEW 

OUT  A  [T 
-IN  A  r? 
+INA  [3 

v*  [T 

tINB  [5 
-IN  B  ff 
OUTB  [7 

M]  OUTD 
ll  -IN  D 
12]  +IND 
U\  V- 
10]  tINC 
9]  -INC 
8]  OUTC 

LT1114AMJ 

LT1114MJ 

LT1114ACJ 

LT1114CJ 

LT1114ACN 

LT1114CN 

J  PACKAGE 

N  PACKAGE 

14-LEAD CERAMIC  DIP  14-LEADPLASTICDIP 

€L€CTRICAL  CHARACTERISTICS       Vs  =  ±15V,  VCM  =  OV,  TA  .  25°C,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1112AM/AC 
LT1114AM/AC 
MIN     TYP  MAX 

LT1112M/C/S8 
LT1114M/C 
MIN     TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

VS=±1.0V 

20  50 
40  95 

25  75 
45  130 

pV 
pV 

AV0S 

LongTerm  Input  Offset 

0.3 

0.3 

(iV/Mo 

ATime 

VoltageStability 

los 

Input  OtfsetCurrent 

40  150 

40  150 

PA 

lB 

InputBiasCurrent 

±80  ±280 

±80  ±280 

PA 

en 

Input  NoiseVoltage 

0.1  Hzto  10Hz 

0.5 

0.5 

pVp-p 

Input  Noise  Voltage  Density 

f0=10Hz 
f0=  1000Hz 

16 
14 

16 
14 

nWHz 
nVMt 

in 

Input  NoiseCurrent 

0.1  Hzto  10Hz 

2.2 

2.2 

pAp-p 

Input  Noise  Current  Density 

f0=10Hz 
t0= 1000Hz 

0.030 
0.008 

0.030 
0.008 

pAVHz 
pAVHz 

RlN 

InputResistance 
Differential  Mode 
Common-Mode 

30  80 
1012 

30  80 

MQ 

a 

VCM 

InputVoltage  Range 

±13.5  ±14.3 

±13.5  ±14.3 

V 

LT1112/LT1114 


€L€CTR  ICfl  I  CH  fl  R  ACT6R ISTICS        Vs  =  ±15V,  VCM  =  OV,  TA  =  25°C,  unless  otherwise  noted. 


LT1112AM/AC 
LT1114AM/AC 

LT1112M/C/S8 
LT1114M/C 

SYMBOL 

□AD IUCTCD 

PAKAmcltn 

MIN 

TYP 

MAY 

MIN 

TYP 

MAX 

UNITS 

CMRR 

Common-Mode  Rejection  Ratio 

VCM  =  ilo.SV 

120 

136 

115 

136 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vg  =  ±1  .UV  TO  ±<:UV 

116 

126 

114 

126 

dB 

AvOL 

Large  Signal  Voltage  Gain 

V0  =  ±12V,  Rl  =  1 0kQ 
Vo  =  ±10V,  RL=2kQ 

1000 
450 

3000 
2000 

800 
600 

2500 
1800 

V/mV 
V/mV 

VOUT 

Output  Voltage  Swing 

RL=10kQ 
RL=2kQ 

±13.0 
±11.5 

±13.8 
±13.0 

±13.0 
±11.5 

±13.8 
±13.0 

V 
V 

SR 

Slew  Rate 

0.12 

0.18 

0.12 

0.18 

V/ns 

GBW 

Gain-Bandwidth  Product 

f0  =  10kHz 

450 

650 

450 

650 

kHz 

Is 

Supply  Current  Per  Amplifier 

VS  =  ±1.0V 

320 
290 

400 

370 

320 
290 

450 
420 

MA 

ma 

AV0S 

Offset  Voltage  Match 

30 

75 

35 

120 

nV 

Non-Inverting  Bias  Current  Match 

±80  ±450 

±80  ±450 

PA 

acmrr 

Common-Mode  Rejection  Match 

115 

132 

110 

130 

dB 

aPSRR 

Power  Supply  Rejection  Match 

112 

125 

110 

125 

dB 

13 
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TECHNOLOGY 


FCATURCS 

■  0.4V  Dropout  Voltage 

■  150mA  Output  Current 

■  30|aA  Quiescent  Current 

■  5V  Trimmed  Output  Voltage 

■  Controlled  Quiescent  Current  in  Dropout 

■  Shutdown  Available  in  8-Pin  Pkg. 

■  16nA  Quiescent  Current  in  Shutdown 

■  Stable  With  0.33liF  Output  Capacitor 

■  Reverse  Battery  Protection 

■  No  Reverse  Output  Current 

APPLICATIONS 

■  Low  Current  Regulator 

■  Regulator  for  Battery  Powered  Systems 

■  Post  Regulator  for  Switching  Supplys 


LT1121-5 


Micropower  Low  Dropout 
Regulator 


April  1992 


DESCRIPTION 


The  LT1121-5  is  a  Micropower  Low  Dropout  Regulator 
with  shutdown.  The  device  is  capable  of  supplying  over  1 50 
milliamps  of  output  current  with  a  dropout  voltage  of  0.4V 
at  maximum  output.  For  use  in  battery  powered  systems 
the  low  quiescent  current,  30  microamps  operating  and 
16  microamps  in  shutdown,  makes  it  an  ideal  choice.  Also 
the  quiescent  current  does  not  rise  in  dropout  as  it  does 
with  many  other  low  dropout  PNP  regulators. 

Other  features  of  the  LT1 121-5  include  the  ability  to 
operate  with  very  small  output  capacitors.  It  is  stable  with 
only  0.33  (xF  on  the  output  while  most  older  devices  require 
between  VF  and  100liF  for  stability.  Small  ceramic 
capacitors  can  be  used,  enhancing  manufacturability. 
Also  the  input  may  be  connected  to  ground  or  a  reverse 
voltage  without  reverse  current  flow  from  output  to  input. 
This  makes  the  LT1 121-5  ideal  for  back-up  power  situa- 
tions where  the  output  is  held  high  and  the  input  is  at 
ground  or  reversed.  Only  16|iA  will  flow  from  the  output 
pin  to  ground. 


TYPICAL  APPLICATION 


5V  BATTERY  POWERED  SUPPLY 
WITH  SHUTDOWN 


SHUTDOWN  =  INPUT  HIGH  OR  EQUIVALENT  o     20    40    60    80    100  120  140  160 

OUTPUT  CURRENT  (mA) 
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LT1121-5 


RBSOLUT6  MAXIMUM  RATINGS 

Input  Voltage  ±20V 

Shutdown  Input  Voltage*  +5.5V.-0.6V 

Output  Short  Circuit  Duration  Indefinite 

Operating  Junction  Temperature  Range 

LT1121M  -55°Cto125°C 

LT1121C  0°C  to100°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 

•  LOW  IMPEDANCE  SOURCE 


PACKAGC/OADCR  INFORMATION 


OUTPUT [T 

nc  rj; 

GND  [T 

nc  rr 

TOP  VIEW 

T]  INPUT 
3  NC 
J\  NC 

T|  SHUTDOWN 

ORDER  PART 
NUMBER 

LT1121MJ8-5 
LT1121CJ8-5 
LT1121CN8-5 
LT1121CS8-5 

Jt  PACKAGE  CERAMIC  DIP 
N8  PACKAGE  PLASTIC  DIP 
S8  PACKAGE  PLASTIC  SO 

S8  PART  MARKING 

12105 

BOTTOM  VIEW 

/  IN    GND  OUT\ 
o       o  o 

LT1121CZ-5 

Z  PACKAGE  TO  M  PLASTIC 

€L€CTRICAL  CHARACT6AISTICS 


PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Regulated  Output  Voltage 

V|N=  5.5V,  Tj=  25°C 

4.925    5.000  5.075 

V 

6V<V|N<  20V,1mA<  l0UT<  100mA 

4.850  5.100 

V 

6V<V|N<  20V,1mA<  l0UT<  150mA 

4.800  5.100 

V 

Line  Regulation 

AV|N  =  5.5Vto  20V,  l0UT  =  1mA 

1  10 

mV 

Load  Regulation 

Alioad  =  1mA  to150mA,Tj  =  25C 

-0.005  -0.007 

%/mA 

Alioad  =  1mA  to  150mA 

-  0.008  -  0.012 

%/mA 

Dropout  Voltage 

lioad ■  50mA 

0.30  0.50 

V 

lioad  =10nmA 

0.37  0.60 

V 

■  load  =150mA 

0.42  0.70 

V 

Ground  Pin  Current 

lioad  =0mA,  V|N  =  5V 

30  45 

HA 

lioad  =1mA,  V|N  =  5V 

90  130 

HA 

lioad  =  50mA,  V|N  =  5V 

2.0  2.5 

mA 

lioad  =  100mA,  V,N  =  5V 

5.0  8.0 

mA 

llMd  =  150mA,  V|N  =  5V 

10.0  15.0 

mA 

Input  Pin  Reverse  Leakage  Current 

V|N  =  -20V,  V0UT  =  0V 

1.0 

mA 

Reverse  Output  Current 

Vin  =  0V,  V0UT  =  5V 

16  25 

PA 

Shutdown  Threshold 

V0ut  =  of  to  on 

1.2  3.0 

V 

Vout  ■  on  ,0  off 

0.2  0.75 

V 

Shutdown  Pin  Current 

Vshdn  ■  0V 

6  10 

PA 

Quiescent  Current  in  Shutdown 

Vin  =  6V,  VShdn  =  0V 

16  25 

pA 

Ripple  Rejection 

Vin  =  6V,  l,oad  =  0.1A,  Vriprle  =  0.5Vp-p 

50  58 

dB 

Current  Limit 

V|N-V0UT=7V 

220  500 

mA 

The«denotesspecificationswhichapplyovertheoperatingtemperature 
range. 
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TECHNOLOGY 


F€flTUR€S 

■  Extremely  Low  Dropout 

■  Low  Cost 

■  Fixed  2.85V  Output,  Trimmed  to  ±1  % 

■  600nA  Quiescent  Current 

■  3-Pin  TO-92  Package 

■  8-Pin  SOIC  Package 

■  1mV  Line  Regulation 

■  2mV  Load  Regulation 

■  Thermal  Limit 


LptSLEILDDfflnim^ 

LT1123-2.85 

Low  Dropout  Regulator  Driver 
for  SCSI-2  Active  Termination 

July  1991 

DCSCRIPTIOn 

The  LT1 1 23-2.85  is  a  3-pin  bipolar  device  designed  to  be  used 
in  conjunction  with  a  discrete  PNP  power  device  to  form  an 
inexpensive  low  dropout  regulator.  The  LT1 123-2.85  consists 
of  a  trimmed  bandgap  reference,  error  amplifier,  and  a  driver 
circuit  capable  of  sinking  up  to  70mA  of  base  current  from  the 
external  PNP  pass  device.  The  LT1 123-2.85  is  designed  to  be 
used  in  SCSI-2  Active  Terminator  circuits.  It  is  designed  to 
provide  a  fixed  output  voltage  of  2.85V,  at  output  currents  of  up 
to1A. 


The  drive  pin  of  the  device  can  pull  down  to  2V  at  70mA  (1 .4V 
at  1 0mA).  This  allows  a  resistorto  be  used  to  limitthe  base  drive 
available  to  the  PNP.  This  resistor  also  minimizes  the  power 
dissipation  in  the  LT1 123-2.85.  The  drive  current  of  the  device 
is  folded  back  as  the  feedback  pin  approaches  ground  to  further 
limit  the  available  drive  current  under  short  circuit  conditions. 

Total  quiescent  current  forthe  device  is  only  600uA  The  device 
is  available  in  a  low  cost  TO-92  package,  and  an  8-pin  SOIC 
package. 


TVPICfiL  flPPUCOTIOn 


2.85V  Low  Dropout  Regulator 


Dropout  Voltage 


3.25V  TO  +l 
5.25V        —i—  1 

i  T 


•  REQUIRED  IF  DEVICE  IS 
MORE  THAN  6"  FROM  MAIN 
FILTER  CAPACITOR 

f  REQUIRED  FOR  STABILITY 
(LARGER  VALUES  INCREASE 


OUTPUT  =  2.85V 


Q1  MOTOROLA  MJE1123 
OR  EQUIVALENT 


LTMOZBS-TWI 


OUTPUT  CURRENT  (A) 
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LT1123-2.85 


nasoiuic  mnximum  aminos 

Drive  Pin  Voltage  (Vdrive  to  Ground)  15V 

Feedback  Pin  Voltage  (VFBto  Ground)  15V 

Operating  Temperature  Range  0°C  to  100°C 

Storage  Temperature  Range  -  65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


PRCKRG€/ORD€R  infORmRTion 


DRIVE  \T  I 

N/C  [7  I 

N/C  [7 

FB  LlJI 


TJ  N/C 

JJ  GND 

JJ  N/C 

JJ  N/C 


8-LEAD  PLASTIC  SOIC 


LT1t23-2.aB-POinE 


Z  PACKAGE 
3-LEAD  TO-92  PLASTIC 


LT!  123-2  as  ■  POIOt 


ORDER  PART 
NUMBER 


-2.85 


LT1123CZ-2.85 


€l€CTRICRl  CHRRRCTCRISTICS 


_ 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output  Voltage 

lDRlVE  =  10mA 

2.82 

2.85 

2.88 

V 

10mA  <IDR|VE<  50mA 

2.79 

2.85 

2.91 

V 

3V<VDR|VE<10V 

0°C<Tj<100°C 

Feedback  Pin  Bias  Current 

VFB  =  2.85V 

300 

500 

uA 

Drive  Current 

VFB  =  2.95V 

0.45 

1.0 

mA 

VFB  =  2.70V 

50 

70 

mA 

VFB  =  OV 

25 

40 

100 

mA 

Drive  Pin  Saturation  Voltage 

'drive  -  10mA 

1.4 

V 

lDRlVE  =  50mA 

1.7 

V 

Line  Regulation  AVqut 

3V  <  VDR|VE  <  10V 

0.3 

±10 

mV 

Load  Regulation 

AIdrive=  10to  50mA 

-2 

-20 

mV 

Temperature  Coeffcient  aVqut 

0.2 

mV/»C 

SimPUFICD  BLOCK  DIRGRRffl 
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TECHNOLOGY 


F€flTUR€S 

■  Available  in  8-pin  SO  Package 

■  Gain-Bandwidth  Product  20MHzTyp 

■  Slew  Rate  6V/nsTyp 

4.5V/nsMin 

■  Voltage  and  Current  Noise  1 00%  Tested 

■  Voltage  Noise  1.1nVMtzMaxat1kHz 

0.85nV/VHzTypat1kHz 
1.0nV/VHzTypat10Hz 
35nVp-pTyp,0.1Hzto10Hz 

■  Offset  Voltage  40nVMax 

■  Voltage  Gain  7  Million  Min 

■  Drift  with  Temperature  0.8|xV/°CMax 

APPLICATIONS 

■  Low  Noise  Frequency  Synthesizers 

■  High  Quality  Audio 

■  Infrared  Detectors 

■  Accelerometer  and  Gyro  Amplifiers 

■  350Q  Bridge  Signal  Conditioning 

■  Magnetic  Search  Coil  Amplifiers 

■  Hydrophone  Amplifiers 


LT1128 

Unity  Gain  Stable 
Ultra-Low  Noise  Precision 
LT1 028  Type  Op  Amp 

April  1992 

DCSCRIPTION 

The  LT1 1 28  is  a  unity  gain  stable  version  of  the  LT1 028  op 
amp  with  a  typical  slew  rate  of  6V/ns  and  a  typical  gain 
bandwidth  product  of  20MHz  (measured  at  200  kHz). 
None  of  the  DC  specifications  of  the  LT1028  were  sacri- 
ficed to  make  the  LT1 1 28.  1  kHz  noise  is  0.85nV/VHz  and 
I.OnV/VHz  at  10Hz  noise.  This  ultra  low  noise  is  com- 
bined with  true  precision  parameters,  (0.1nV/°C  drift, 
10[iV  offset  voltage,  30  million  voltage  gain). 

The  LT1 1 28  s  voltage  noise  is  less  than  the  noise  of  a  50Q 
resistor.  Therefore,  even  in  very  low  source  impedance 
transducer  or  audio  amplifier  applications,  the  LT1 1 28's 
contribution  to  total  system  noise  will  be  negligible. 

The  LT1128  is  available  in  the  S08  package  for  high 
density  boards. 
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TECHNOLOGY 


1 1 29-2.85,  LT1 1 29-3.3,  LT1 1 29-5 

500mA  Low  Iq  Low  Dropout 

Regulator 

April!  992 


F€ATUR€S 


DCSCRIPTION 


■  0.4V  Dropout  Voltage 

■  500mA  Output  Current  (700mA  peak) 

■  50nA  Quiescent  Current 

■  2.85V,  3.3V,  and  5V  Trimmed  Output  Voltages 

■  Controlled  Quiescent  Current  in  Dropout 

■  Shutdown  Pin 

■  30|jA  Quiescent  Current  in  Shutdown 

■  Stable  With  3.3nF  Output  Capacitor 

■  Reverse  Battery  Protection 

■  No  Reverse  Output  Current 

APPLICATIONS 

■  Low  Current  Regulator 

■  Regulator  for  Battery  Powered  Systems 


The  LT1 1 29  is  a  Micropower  Low  Dropout  Regulator  with 
shutdown.  The  device  is  capable  of  supplying  over  500 
milliamps  of  output  current  with  a  dropout  voltage  of  0.4V 
at  maximum  output.  For  use  in  battery  powered  systems 
the  low  quiescent  current,  50  microamps  operating  and 
30  microamps  in  shutdown,  makes  it  an  ideal  choice.  Also 
the  quiescent  current  does  not  rise  in  dropout  as  it  does 
with  many  other  low  dropout  PNP  regulators. 

Otherfeaturesof  the LT1 1 29 include  the  ability  tooperate 
with  small  output  capacitors.  It  is  stable  with  only  3.3|xF 
on  the  output  while  most  older  devices  require  between 
10nF  and  100(iF  for  stability.  Also  the  input  may  be 
connected  to  ground  or  a  reverse  voltage  without  reverse 
current  flowf  rom  output  to  input.  This  makes  the  LT1 1 29 
ideal  for  back-up  power  situations  where  the  output  is 
held  high  and  the  input  is  at  ground  or  reversed.  Only 
1 6l»A  will  flowf  rom  the  output  pin  to  ground.The  device  is 
available  in  5-lead  TO-220  and  surface  mount  DD  pack- 








TYPICAL  APPLICATION 


5V  SUPPLY 
WITH  SHUTDOWN 


Vin>5.5V  -±r  5MQ 


OPEN  COLLECTOR  GATE 
SHUTDOWN  =  INPUT  HIGH 


Dropout  Voltage 


0     0.1     0.2     0.3     0.4     0.5     0.6  0.7 
OUTPUT  CURRENT  (A) 
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iflk    *  TECHNOLOGY 


F€flTUR€S 

■  ESD  Protection  over±10kV 

■  Uses  Small  Capacitors  (0.1  nF,  0.2u.F) 

■  1nA  Supply  Current  in  SHUTDOWN 

■  Pin  Compatible  with  LT1137 

■  Operates  to  120kbaud 

■  CMOS  Comparable  Low  Power-60mW 

■  Operates  from  a  Single  5V  Supply 

■  Easy  PC  layout-Flow  Through  Architecture 

■  Rugged  Bipolar  Design 

■  Outputs  assume  a  High  Impedance  State  When 
Off  or  Powered  Down 

■  Improved  Protection-RS232  I/O  Lines  Can  be 
Forced  to  ±30V  Without  Damage 

■  Output  Overvoltage  Does  Not  Force  Current 
Back  Into  Supplies 

■  Absolutely  No  Latchup 

■  Available  in  SO  Package 

IMPLICATIONS 

■  Notebook  Computers 
>  Palmtop  Computers 


LT1137A 

Advanced  Low  Power 
5V  RS232  Transceiver 
with  Small  Capacitors 

June,  1992 

DESCRIPTION 

The  LT1137A  is  a  3  driver,  5  receiver  RS232  transceiver, 
pin  compatible  with  the  LT1137  -  offering  performance 
improvements  and  two  SHUTDOWN  modes.  The  LT1 1 37A's 
charge  pump  is  designed  for  extended  compliance,  and 
can  deliver  over  40mA  of  load  current.  Supply  current  is 
typically  12mA  -  competitive  with  similar  CMOS  devices. 
An  advanced  driver  output  stage  operates  up  to  120kbaud 
while  driving  heavy  capacitive  loads. 

The  LT1137A  is  fully  compliant  with  all  EIA-RS232  speci- 
fications. Special  bipolar  construction  techniques  protect 
the  drivers  and  receivers  beyond  the  fault  conditions 
stipulated  for  RS232.  Driver  outputs  and  receiver  inputs 
can  be  shorted  to  ±30V  without  damaging  the  device  or  the 
power  supply  generator.  In  addition,  the  RS232  I/O  pins  are 
resilient  to  multiple  +10kV  ESD  strikes. 

The  transceiver  has  two  shutdown  modes.  One  mode 
disables  the  drivers  and  the  charge  pump,  the  other  shuts 
down  all  circuitry.  While  shut  down,  the  drivers  and  receiv- 
ers assume  high  impedance  output  states. 


Typical  Application 


0.1  l*F  =f=  P  LT1137A 

5VVCC-L2. 

 lUTZET-E 


DRIVER  OUT  E  r 

RXIN  E-'l 

DRIVER  OUT  U  — I,  [>—  H 

RXIN  E — '■  f>— M 

RXIN  D[ 

RXIN  EH 

DRIVER  OUT  E  'H"*-  i3 

RXIN  Ei  ' 


ON/OFF  =  5V-E5 

Ei 


3- 


0.1  HF 


-<<] —  ?^    DRIVER  IN 
-t>—  3  RX  OUT 
<<— 0  DRIVER  IN 
RX  OUT 
RXOUT 
RXOUT 
9]  DRIVER  IN 

RXOUT 
LD-iGND 


DRIVER  DISABLE 
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LT1137A 


ABSOLUTE  MAXIMUM  RATINGS 

(Notel) 

Supply  Voltage  (Vcc)  6V 

V+   +13.2V 

V-  -13.2V 

Input  Voltage 

Driver  V+toV- 

Receiver  +30V  to  -30V 

Output  Voltage 

Driver  -55°C  to  125°C 

Receiver  0°C  to  70°C 

Short  Circuit  Duration 

V+  30s 

V-  30s 

Driver  Output  Indefinite 

Receiver  Output  Indefinite 

Operating  Temperature  Range 

LT1 137AM  -55°Cto  125°C 

LT1 137AM  -40°Cto85°C 

LT1137AC  0°Cto70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


PACKAGC/OADCA  INFORMATION 


ORDER  PART 
NUMBER 


LT1137AMJ 
LT1137ACJ 
LT1137ACN 
LT1137ACS 


RXIN 
DRIVER  OUT  E 
RXIN  Hi 
ONA3FF  EI 

E 


€L€CTRICRL  CHARACTERISTICS  (no.b2) 


PARAMETER 

CONDITIONS 

MIN     TYP  MAX 

UNITS 

Power  Supply  Generator 

V+ Output 

8.6 

V 

V- Output 

-7.8 

V 

Supply  Current  (Vcc) 

(Note  3) 

12  17 

mA 

Supply  Current  when  OFF  (VCc) 

SHUTDOWN  -55°C  a  TA  a  1 25°C  (Note  4) 
SHUTDOWN  CC  a  TAa70°C 
DRIVERDISABLE 

• 
• 

0.001  0.10 
0.001  0.010 
4 

mA 
mA 
mA 

Supply  Rise  Time 
SHUTDOWN  to  Turn  On 

C1,C2,C+.C-  =  1.0uF 

C+,C-  =  0.1hF,C1,C2  =  0.2m.F 

2 

0.2 

ms 
ms 

ON/OFF  Pin  Thresholds 

Input  Low  Level  (Device  SHUTDOWN) 
Input  High  Level  (Device  Enabled) 

1.4  0.8 
2.0  1.4 

V 
V 

ON/OFF  Pin  Current 

OV  a  Von/off  a5V 

-15  80 

MA 

Driver  Disable  Pin  Thresholds 

Input  Low  Level  (Drivers  Enabled) 
Input  High  Level  (Drivers  Disabled) 

1.4  0.8 
2.0  1.4 

V 
V 

DRIVER  DISABLE  Pin  Current 



0V  a  Vqriver  DISABLE  *5V 

-10  500 

pA 
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LT1137A 


€L€CTRICflL  CHARfiCTCRI 

STICS  (Note2) 

PARAMETER 

CONDITIONS 

mm 

TYP 

MAX 

UNITS 

Any  Driver 

OutputVoltage  Swing 

Load  =  3ktoGND  Positive 
Negative 

• 

5.0 
-5.0 

7.3 
-6.5 

V 
V 

Logic  Input  Voltage  Level 

Input  Low  Level  (V0uT=High) 
Input  High  Level  (Vout=Low) 

2.0 

1.4 
1.4 

0.8 

V 

v 

Logic  Input  Current 

0.8V  sV,Ns2.0V 

# 

5 

20 

uA 

Output  Short  Circuit  Current 

V0UT=0V 

±17 

mA 

Output  Leakage  Current 

cui  unni  a /in  \i          .  onw  /  m  n+n  a\ 

SHU  1  DOWN  Vqut  =  ±30v  (Note  4) 

• 

10 

100 

\* 

Slew  Rate 

HL=3k,  Cl=51  pF 
RL=3k,CL=2500pF 

4 

15 
15 

30 

V/ns 
V/ns 

Propagation  Delay 

Output  Transition  tm.  High  to  Low  (Note  5) 
Output  Transition  t^  Low  to  High 

0.6 
0.5 

1.3 
1.3 

uS 
Ho 

Any  Receiver 

InputVoltage  Thresholds 

Input  LowThreshold  (V0Ut  ■  High) 
Input  High  Threshold  (Vout  =  Low) 

0.8 

1.3 
1.7 

2.4 

V 
u 

V 

Hysteresis 

• 

0.1 

0.4 

1.0 

V 

Input  Resistance 

3 

5 

7 

kQ 

OutputVoltage 

Output  Low,  iouT  = _1  -6mA 

Output  High,  i0uT  ■  1 60(iA  (Vcc  =  5V) 

• 
• 

3.5 

0.2 
4.2 

0.4 

V 
V 

Ouput  Leakage  Current 

SHUTDOWN  (Note)  0  s  V0Ut  *VCc 

• 

1 

10 

MA 

Output  Short  Circuit  Current 

Sinking  Current,V0UT=VCc 
Sourcing  Current,  V0uT  =  0V 

-10 
10 

-20 
20 

mA 
mA 

Propagation  Delay 

Output  Transition  tHL  High  to  Low  (Note  6) 
Output  Transition  tLHLowto  High 

250 
350 

600 
600 

nS 
nS 

The«denotes  specifications  which  apply  overtheoperatingtemperature 

range.  (0°CsTAs  70°  C  for  commercial  grade, -40°CsTa  s85°C  for 

industrial  grade,  and  -55°C  sTa  s  1 25°C  for  military  grade.) 

Note  1 :  Absolute  Maximum  Ratings  are  those  values  beyond  which  the 

life  of  the  device  may  be  impaired. 

Note  2:  Testing  done  at  Vcc  =  5V  and  V0n/off=3V. 

Note  3:  Supply  current  is  measured  with  driver  and  receiver  outputs 

unloaded  and  the  driver  inputs  tied  high. 


Note  4:  Supply  current  measurements  in  SHUTDOWN  are  performed 
with  Von/off  =  0.1V.  Supply  current  measurements  using  DRIVER 
DISABLE  are  performed  with  Voriver  disable  =  3V. 
Note  5:For  driver  delay  measurements,  RL  =  3k  and  CL  =  51  pF.  Trigger 
points  are  set  between  the  driver's  input  logic  threshold  and  the  output 
transition  to  the  zero  crossing.  (tH l  =  1 .4V  to  0V  and  tLH  =  1 .4V  to  0V) 
Note  6:For  receiver  delay  measurements,  CL  =  51  pF.  Trigger  points  are 
set  betweenthe  receiver's  input  logicthreshold  and  the  outputtransition 
to  standard TTL/CMOS  logicthreshold.  (tnL=1.3Vto2.4VandtH=1  7V 
to  0.8V) 
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PIN  FUNCTIONS 

VCc:  +5V  Input  supply  pin.  Supply  current  drops  to  zero 
in  the  SHUTDOWN  mode.  This  pin  should  be  decoupled 
with  a  0.1    ceramic  capacitor. 

GND:  Ground  Pin. 

On/Off:  Controls  the  operation  mode  of  the  device  and  is 
TTL/CMOS  compatible.  A  logic  low  puts  the  device  in  the 
SHUTDOWN  mode  which  reduces  input  supply  current  to 
zeroand  places  the  all  of  the  drivers  and  receivers  in  high 
impedance  state.  A  logic  high  fully  enables  the  transceiver. 

DRIVER  DISABLE:  This  pin  provides  an  alternate  control 
for  the  charge  pump  and  RS232  drivers.  A  logic  high  on 
this  pin  shuts  down  the  charge  pumpand  places  all  drivers 
in  a  high  impedance  state.  Supply  current  drops  to  4mA 
(typ)  with  Driver  Disable  active.  All  receivers  remain  active 
under  these  conditions.  Floating  the  driver  disable  pin  or 
driving  it  to  a  logic  low  level  fully  enables  the  transceiver. 

V+:  Positive  supply  output  (RS232  drivers).  V+  -  2VCC  - 
1 .5V.  This  pin  requires  an  external  capacitor  C  *0.1  nFfor 
charge  storage.  The  capacitor  may  be  tied  to  ground  or 
+5V.  The  V+  output  is  short  circuit  proof  for  30  seconds. 
With  multiple  transceivers,  the  V+  and  V-  pins  may  be 
paralleled  into  common  capacitors.  For  large  numbers  of 
transceviers,  increasing  the  size  of  the  shared  common 
storage  capacitors  is  recommended  to  reduce  ripple. 

V-:  Negative  supply  output  {RS232  drivers).  V-  --(2VC&2.5V). 
This  pin  requires  an  external  capacitorC^O.VFforcharge 
storage.  V-  is  short  circuit  proof  for  30  seconds. 

C1+;C1-;C2+;C2-:  Commutating  capacitor  inputs.  These 
pins  require  two  external  capacitors  C  a  0.2[iF.  One  from 
C1+  to  C1-,  and  another  from  C2+  to  C2-.  To  maintain 
charge  pump  efficiency,  the  capacitor's  effective  series 
resistanceshould  be  less  than  2  Ohms.  ForC^I  lowESR 
tantalum  capacitors  work  well  in  this  application,  although 
small  value  ceramic  capacitors  may  be  used  with  a  minimal 
reduction  in  charge  pump  compliance.  In  applications 
where  larger  postive  voltages  are  available,  such  as  +1 2V, 
C1  may  be  omitted  and  the  positive  voltage  may  be  con- 
nected  d  irectly  to  the  C1 + pin .  I  n  this  mode  of  operation,  the 
V+  pin  should  be  decoupled  with  a  0.1  ^F  ceramic  capaci- 
tor. 


DRIVER  IN:  RS232  driverinput  pins.  Inputsare TTL/CMOS 
compatible.  Inputs  should  not  be  allowed  to  float.  Tie 
unused  inputs  to  Vcc- 

DRIVER  OUT:  Driver  outputs  at  RS232  voltage  levels. 
Outputs  are  in  a  high  i  mpedance  state  when  in  SHUTDOWN 
mode,  Vcc  =  0V. or  wnen  the  driver  disable  pin  is  active. 
Outputs  are  fully  short  circuit  protected  from  V-  +  30V  to 
V+  -  30V  with  power  on,  off,  SHUTDOWN,  or  in  disabled 
mode.  Typical  breakdowns  are  ±45V.  Applying  higher 
voltages  will  not  damage  the  device  if  the  overdrive  is 
moderately  current  limited.  Although  the  outputs  are  pro- 
tected, short  circuits  on  one  output  can  load  the  power 
supply  generator  and  may  disrupt  the  signal  levels  of  the 
other  outputs.  The  driver  outputs  are  protected  against 
ESD  to  ±1  OkV  for  human  body  model  discharges. 

RX  IN:  Receiver  inputs.  These  pins  accept  RS232  level 
signals  (±30V)  into  a  protected  5kOhm  terminating  resis- 
tor. The  receiverinputsare  protectedagainst  ESDto±10kV 
for  human  body  model  discharges.  Each  receiver  provides 
0.4V  of  hysteresis  for  noise  immunity. 

RX  OUT:  Receiver  outputs  with  TTL/CMOS  voltage  levels. 
Outputsare  in  a  high  impedance  stage  when  in  SHUTDOWN 
modetoallowdata  line  sharing.  Outputsarefullyshortcircuit 
protected  to  ground  or  Vcc  with  the  power  on,  off,  or  in 
SHUTDOWN  mode. 


ESD  Test  Circuit 


5V  Vcc 


:0.1|lF 
'  0.2pF 


RS232  Line  Pins 
Protected  to  ^ 


DRIVER  1  OUTHT 
RX  1  IN JT 

DRIVER  2  OUT [7 
RX2IN[8 
RX3  IN [9 
RX4  INfjO 

DRIVER  3  OUT  El 
RX 5  INfTZ 
ON/OFF  [13 
H 


■25]  DRIVER  1  IN 

■24]  RX  1  OUT 

H]  DRIVER  2  IN 

.  25]  RX  2  OUT 

21]  RX  3  OUT 

■  f§  RX4  OUT 

■  19]  DRIVER  3  IN 
5]  RX  5  OUT 
UK  GND 


DRIVER  DISABLE 
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LTC1151 

TECHNOLOGY  Dual  ±15V  Chopper  Stabilized 
Op  Amp  with  Internal  Capacitors 


September  1991 


D€SCRIPTIOn 


■  High  Voltage  Operation  ±18V  Max 

■  No  External  Components  Required 

■  Maximum  Offset  Voltage  5uV 

■  Maximum  Offset  Voltage  Drift  0.05uV/°C 

■  Low  Noise  1.5uVp-p  (0.1  Hz  to  10Hz) 

■  Minimum  Voltage  Gain  140dB 

■  Minimum  CMRR  120dB 

■  Minimum  PSRR  120dB 

■  Low  Supply  Current  0.8mA/Amplifier 

■  Single  Supply  Operation  4.75V  to  36V 

■  Input  Common  Mode  Range  Includes  Ground 

■  Typical  Overload  Recovery  Time  20ms 

RPPUCOTIOnS 

■  Strain  Gauge  Amplifiers 

■  Instrumentation  Amplifiers 

■  Electronic  Scales 

■  Medical  Instrumentation 

■  Thermocouple  Amplifiers 

■  High  Resolution  Data  Acquisition 


The  LTC1151  is  a  high  voltage,  high  performance  dual 
chopper  stabilized  operational  amplifier.  The  two  sample- 
and-hold  capacitors  per  amplifier  required  externally  by 
other  chopperamplifiers  are  integrated  on-chip.  The  LTC1 151 
also  incorporates  proprietary  high-voltage  CMOS  struc- 
tures which  allow  operation  at  up  to  36V  total  supply  voltage. 

The  LTC1151  has  a  typical  offset  voltage  of  0.5uV,  drift  of 
0.01uV/°C,  0.1Hz  to  10Hz  input  noise  voltage  of  1.5uV  p-p, 
and  a  typical  voltage  gain  of  180dB.  It  has  a  slew  rate  of  3V/ 
us  and  a  gain-bandwidth  product  of  2.5MHz  with  a  supply 
current  of  0.9mA  per  amplifier.  Overioad  recovery  times 
from  positive  and  negative  saturation  are  3ms  and  20ms, 
respectively. 

The  LTC1151  is  available  in  standard  plastic  8-pin  DIP 
package,  as  well  as  a  1 6-pin  wide-body  SO.  The  LTC1 1 51  is 
pin  compatible  with  industry  standard  dual  op  amps  and 
runs  from  standard  ±15V  bipolar  supplies,  allowing  it  to 
plug  in  to  most  standard  bipolar  op  amp  sockets  while 
offering  significant  improvement  in  DC  performance. 


TYPICAL  APPUCRTIOn 


High  Voltage  Instrumentation  Amplifier 

Ik 

-VA  1  1M 

-Wr- 


GAIN  =  1 0OOVA' 
OUTPUT  OFFSET  <5mV 
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fiBSOLUT€  MAXIMUM  RATINGS 

(Notel) 

Total  Supply  Voltage  (V+  to  V')  36V 

Input  Voltage  (Note  2)  (V+  +  0.3V)  to  (V  -  0.3V) 

Output  Short  Circuit  Duration  Indefinite 

Burn-In  Voltage  36V 

Operating  Temperature  Range 

LTC1151C  0°Cto70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


PACKAGC/ORDCR  INFORMATION 


OUT  A  jf 
-IN  A  \T 
♦IN  A  [T 


TOP  VIEW 


ifjvt 

7]oUTB 

U-INB 

JJ+INB 


N8  PACKAGE 
8-LEAD  PLASTIC  DIP 


NC  [7 

is]  NC 

NC  [7 

!|]nc 

OUTA  [T 

53  v* 

-ina[7 

r|]0UTB 

♦INAfT 

I|]-INB 

v-fj[ 

iJJ+IN  B 

Nc[T 

io]nc 

nc[T 

|]nc 

S  PACKAGE 
16-LEADSOL 


ORDER  PART 
NUMBER 


LTC1151CN8 


LTC1151CS 


€L€CTRICAL  CHARACTCRISTICS 

Vs  =  ±1 5V,  TA  =  Operating  Temperature  Range,  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LTC1151C 
TYP 

MAX 

UNITS 

Vos 

Input  Offset  Voltage 

TA  =  25°C  (Note  3) 

±0.5 

±5 

uV 

AV0S 

Average  Offset  Voltage  Drift 

(Note  3) 

±0.01 

±0.05 

uV/°C 

las 

Input  Offset  Current 

TA  =  25°C 

• 

±20 

±200 
±500 

PA 
PA 

Ib 

Input  Bias  Current 

TA  =  25°C 

• 

±10 

±100 
±500 

PA 
PA 

En 

Input  Noise  Voltage 

0.1Hzto10Hz 
0.1  Hz  to  1  Hz 

1.5 
0.5 

pVp-p 
pVp-p 

CMRR 

Common  Mode  Rejection  Ratio 

VCM  =  V-to12V 

110 

130 

dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs  =  ±2.375Vto±16V 

120 

145 

dB 

VoUT 

Maximum  Output  Voltage  Swing 

RL  =  10KQ,TA  =  25',C 
RL  =  100KQ 

±13.5 

±14.5 
±14.95 

V 
V 

Is 

Supply  Current  per  Amplifier 

NoLoad,TA  =  25°C 

0.9 

1.5 

mA 

Fs 

Internal  Sampling  Frequency 

TA  =  25°C 

600 

Hz 

The  •  denotes  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  life  of 
the  device  may  be  impaired. 

Note  2:  Connecting  any  pin  to  voltages  greater  than  V+  or  less  than  V- 
may  cause  destructive  latch-up.  It  is  recommended  that  no  sources 


operating  from  external  supplies  be  applied  prior  to  power-up  of  the 
LTC1151. 

Note  3:  These  parameters  are  guaranteed  by  design.  Thermocouple 
effects  preclude  measurement  of  these  voltage  levels  in  high-speed 
automatic  test  systems.  V0s  is  measured  to  a  limit  determined  by  test 
equipment  capability. 
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F€ATUA€S 


 LTC1164-5 

Low  Power  8th  Order 
Butterworth  Lowpass  Filter 


November  1991 


DCSCRIPTION 


■  Butterworth  or  Bessel  Response 

■  4mA  Supply  Current  with +5V  Supplies 

■  fcuT0FF"Pto20kHz 

■  IOOuVrms  Wideband  Noise 

■  THD  <0.02%  (50:1 ,  Vs  =  ±7.5V,  Vm  =  2VRMS) 

■  Operates  at  Single  5V  Supply  with  1  Vrms  Input  Range 

■  Operates  up  to  +8V  Supplies 

■  TTL/CMOS  compatible  clock  input 

■  8th  Order  Filter  in  a  1 4-pin  Package 

■  No  External  Components 

APPLICATIONS 

■  Anti-Aliasing  Filters 

■  Battery  Operated  Instruments 

■  Telecommunications  niters 

■  Smoothing  Filters 


The  LTC1 1 64-5  is  a  monolithic  8th  order  Butterworth  lowpass 
filter  featuring  clock-tunable  cutoff  frequency  and  low  power 
supply  current  (4mA  with  +5  V  supplies).  Low  power  operation 
is  achieved  without  compromising  noise  or  distortion  perfor- 
mance. WidebandnoiseoftheLTCC1 164-5  is  below  100uVRMS. 
With  ±7.5V  supplies  the  filter  can  handle  input  signals  up  to 
2.2VRMS  with  0.02%  THD. 

The  LTC1 164-5  approximates  an  8th  order  Butterworth  re- 
sponse with  an  fcLK  to  fcuTOFF  ratio  of  100:1  (pin  10toV-)or 
50:1  (pin  10  to  V+ and  pin  1  shorted  to  pin  13).  Itapproximates 
an  8th  order  Bessel  response  with  an  frji_K  to  f cutoff  ratio  of 
150:1  (pin  10  to  gnd).  The  LTC1 164-5  is  pin  compatible  with 
the  LTC1 064-2. 

The  1 1 64-5  can  be  clock  tuned  to  a  maximum  f  cutoff = 20kHz 
with  ±7.5V  supplies,  fcuTOFF  =  1 0kHz  with  +5V  supplies,  and 
fcuTOFF  =  6kHz  with  ±2.5V  supplies. 


TVPICAL  APPLICATION 

20kHz  Anti-Aliasing  Filter 


Frequency  Response 


LTC1 164-5 


-8V 

CLOCK=1MHz 
TOVt 


WIDEBAND  NOISE  =  10OliVRMS 
THD  IN  PASSBAND  <0.02%  AT  V,K  =  2Vs«s 
NOTE:  THE  CONNECTION  FROM  PIN  7  TO  PIN  14  SHOULD  BE  MADE  UNDER  THE 
PACKAGE.  FOR  50:1  OPERATION  CONNECT  PIN  1  TO  PIN  13  AS  SHOWN.  FOR  1 00: 1  OR 
150:1  OPERATION  PINS  1  AND  13  SHOULD  FLOAT.  THE  POWER  SUPPLIES  SHOULD  BE 
BYPASSED  BY  A  O.lgF CAPACITOR  AS  CLOSE  TO  THE  PACKAGE  A"  ~ 


0 
•10 
-20 

sr-30 
s 

S  -SO 
-60 
-70 
■80 


\ 

0  c 
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ABSOLUTE  MAXIMUM  RATINGS  (Natei) 


Total  Supply  Voltage  (V+  to  V")  16V 

Input  Voltage  (Note  2)  (V+  +  0.3V)  to  (V  -  0.3V) 

Output  Short  Circuit  Duration  Indefinite 

Power  Dissipation  400mW 

PflCKAG€/ORD€R  INFORMATION 


Burn-In  Voltage  16V 

Operating  Temperature  Range  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


INV(C)  fT 
VIN  ff 
GND  [7 

v+  [7 

GND  fT 
LP(A)|? 
R!N(A)  ff 


TOP  VIEW 


N  PACKAGE 


u\  OUT(C) 
13]  R3  SHUNT 

rj]v- 

jTJCLK 

[0]  5O/10O 
jfJvOUT 

|]nc 


ORDER  PART 
NUMBER 


LTC1164-5CN 
LTC1164-5CJ 
LTC1164-5MJ 


ORDER  PART 
NUMBER 


LTC1164-5CS 


€L€CTRICRL  CHRRRCTCRISTICS 

Vs  ■  *7.5V,  Rl  =  10k,  f clk  =  400kHz,  TA  =  Operating  Temperature  Range,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

MIN 

LTC1164-5C 
TYP 

MAX 

UNITS 

Passband  Gain  0.1  Hz  -  0.25fCuTOFF 

f|N  =  1kHz,  100:1 
fIN  =  1kHz,  50:1 

-0.15 
-0.20 

-0.10 
0.10 

0.25 
0.25 

dB 
dB 

fiN  =  2kHz,  100:1 
f,N  =  4kHz,  50:1 

-0.35 
-0.15 

-0.20 
-0.10 

0.17 
0.30 

dB 
dB 

Gain  at  0.90fCUTOFF  (Note  3) 

fiN  =  3.6kHz,  100:1 

-2.5 

-1.90 

1.0 

dB 

Gain  at  0.95fCUTOFF  (Note  3) 

f|N  =  3.8kHz,  100:1 

-2.60 

dB 

Gain  at  fcuTOFF  (Note  3) 

f|N  =  4kHz,  100:1 
fiN  =  8kHz,  50:1 

-2.75 
-2.75 

-3.40 
-3.80 

4.1 
4.2 

dB 
dB 

Gainat1.44fCUTOFF(Note3) 

fiN  =  5.76kHz,  100:1 

-17.0 

-19.0 

20.5 

dB 

Gain  at  2.0fCUT0FF  (Note  3) 

f|N  =  8kHz,  100:1 

-41.0 

-43.0 

45.0 

dB 

Gain  with  fCLK  =  20kHz 

f|N  =  200Hz,  100:1 

-2.75 

-3.40 

4.50 

dB 

Gain  with  Vs  =  ±2.375V 

fCLK  *  400kHz,  f,N  =  2kHz,  100:1 
fcLK  =  400kHz,  f|N  =  4kHz,  100:1 

-0.25 
-2.0 

-0.10 
-3.40 

0.35 
4.2 

dB 
dB 

Input  Frequency  Range 

100:1 
50:1 

0-<fCL|</2 
0-<fcLK 

kHz 
kHz 

Maximum  f^LK 

Vs*±7.5V 
Vs  =  ±5.0V 
Vs  =  ±2.375V 

1.5 
1.0 
0.5 

MHz 
MHz 
MHz 

Clock  Feedthrough 

Input  at  GND,  f  a  fCLK 

200 

PVrms 

Wideband  Noise 

lnputatGND,1Hzsf<fCLK 

100±10% 

MVrms 
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CLCCTRICflL  CHRRRCTCRISTICS 

Vs  =  ±7.5V,  R|_  =  10k,  FCLk  =  400kHz,  TA  =  Operating  Temperature  Range,  unless  otherwise  specified. 


LTC1164-5C 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input  Impedance 

100 

kQ 

Output  DC  Voltage  Swing 

Vs  =  ±2.375V 

• 

±1.25 

±1.5 

V 

Vs  =  ±5.0V 

• 

±3.70 

±4.10 

V 

VS  =  ±7.5V 

• 

±5.40 

±5.90 

v 

Output  DC  Offset 

±30 

±160 

mV 

Output  DC  Offset  TempCo 

±100 

uV/°C 

Power  Supply  Current 

VS  =  ±2.375V,TA>25°C 

2.5 

4.0 

mA 

• 

4.5 

mA 

VS-±5.0V.TA>25"C 

4.5 

7.0 

mA 

• 

8.0 

mA 

Vs  =  ±7.5V,  TA>25°C 

7.0 

11.0 

mA 

• 

12.5 

mA 

Power  Supply  Range 

±2.375 

±8 

V 

The  •  denotes  the  specifications  which  apply  over  the  full  operating  Note  2:  Connecting  any  pin  to  voltages  greater  than  V+  or  less  than  V-  may 

temprature  range.  cause  latch-up.  It  is  recommended  that  no  sources  operating  from  external 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  life  of  supplies  be  applied  prior  to  power-up  of  the  LTC1 164-5. 

the  device  may  be  impared.  Note  3:  All  gains  are  measured  relative  to  passband  gain. 


PIN  DCSCRIPTION 

GENERAL  COMMENTS 

The  following  guidelines  highlightthe  information  needed 
to  maximize  the  filter's  performance  for  high  precision 
designs.  The  filter  will  function  properly  when  provided 
with  a  TTL  or  CMOS  clock  source  and  operated  within  it's 
absolute  maximum  ratings. 

Power  Supply  Pins  (4,12) 

The  V+  (pin  4)  and  the  V-  (pin  1 2)  should  be  bypassed  with 
a  0.1  uF  capacitor  to  an  adequate  analog  ground.  The 
filter's  power  supplies  should  be  isolated  from  other 
digital  or  high  voltage  analog  supplies.  A  low  noise  linear 
supply  is  recommended.  Using  a  switching  power  supply 
will  lower  the  signal  to  noise  ratio  of  the  filter.  The  supply 
during  power  up  should  have  a  slew  rate  less  than  1  V/uS. 
When  V+  isapplied  before  V-  and  V-  is  allowed  to  goabove 
ground,  a  signal  diode  should  clamp  V-  to  prevent  latch 
up.  Figures  1  and  2  show  typical  connections  fordualand 
single  supply  operation. 

Clock  Input  Pin  (11) 

Any  TTL  or  CMOS  clock  source  with  a  square  wave  output 
and  50%  duty  cycle  (±10%)  is  an  adequate  clock  source 


Figure  1.  Dual  supply  operation  for  a  IclkAcutoff  = 1 00:1 . 

for  the  device.  The  power  supply  for  the  clock  source 
should  not  be  the  filter's  power  supply.  The  analog 
ground  for  the  filter  should  be  connected  to  clock's 
ground  at  a  single  point  only.  Table  1  shows  the  clock's 
low  and  high  level  threshold  values  for  a  dual  or  single 
supply  operation.  A  pulse  generator  can  be  used  as  a 
clock  source  provided  the  high  level  ON  time  is  greater 
than  0.5uS.  Sine  waves  are  not  recommended  for  clock 
input  frequencies  less  than  100kHz,  since  excessively 
slow  clock  rise  or  fall  times  generate  internal  clock  jitter. 
The  clock  signal  should  be  routed  from  the  right  side  of  the 
IC  package  and  perpendicularto  ittoavoid  couplingtoany 
input  or  output  in  the  analog  signal  path.  A 1  Kq  resistor 
between  clock  source  and  pin  1 1  will  slow  down  the  rise 
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and  fall  times  of  the  clock  to  further  reduce  charge 
coupling,  figure  1  and  2. 


Filter  Output  Pins  (9,6) 

Pin  9  is  the  specified  output  of  the  filter;  it  can  typically 
source  orsink  1mA.  Driving  coaxial  cables  or  resistive  loads 
less  than  20K  will  degrade  the  total  harmonic  distortion  of 
the  filter.When  evaluating  the  device's  distortion  an  output 
buffer  is  required.  A  non  inverting  buffer,  figure  3,  can  be 
used  provided  that  its  input  common  mode  range  is  well 
within  the  filter's  output  swing.  Pin  6  is  an  intermediate  filter 
output  providing  an  unspecified  6thorderlowpass  filter.  Pin 
6  should  not  be  loaded. 


Figure  2.  Single  supply  operation  for  a  <clk/1cutoff  =  100:1. 
Analog  Ground  Pins  (3,5) 

The  filter  performance  depends  on  the  quality  of  the 
analog  signal  ground.  For  either  dual  or  single  supply 
operation,  an  analog  g  round  plane  su  rround  ing  the  package 
is  recommended.  The  analog  ground  plane  should  be 
connected  to  any  digital  ground  at  a  single  point.  For  dual 
supply  operation,  pins  3  and  5  should  be  connected  to  the 
analog  ground  plane.  For  single  supply  operation  pins  3 
and  5  should  be  biased  at  1/2  supply  and  they  should  be 
bypassed  to  the  analog  ground  plane  with  at  least  a  4.7uF 
capacitor,  figure  2. 

Ratio  Input  Pin  (10) 

The  DC  level  at  this  pin  determines  the  ratio  of  the  clock 
frequency  to  the  cutoff  frequency  of  the  filter.  Pin  1 0  at  V+ 
givesa50:1  ratio  and  a  Butterworth  response  (pins  1  to13 
should  be  shorted  for  50:1  only.)  Pin  10  at  V-  gives  a 
100:1  Butterworth  response.  Pin  10  at  ground  gives  a 
Bessel  response  and  a  ratio  of  150:1 .  For  single  supply 
operation  the  ratio  is  50:1  when  pin  10  is  at  V+  (pins  1  to 
13  shorted,)  100:1  when  pin  10  is  at  ground  and  150:1 
when  at  1/2  supply.  When  pin  10  is  not  tied  to  ground,  it 
should  be  bypassed  to  analog  ground  with  a  0.1  uF 
capacitor.  If  the  DC  level  at  pin  1 0  is  switched  mechani- 
cally or  electrically  at  slew  rates  greater  than  1  V/uS  while 
the  device  is  operating,  a  10kQ  resistor  should  be 
connected  between  pin  10  and  the  DC  source. 

Filter  Input  Pin  (2) 

The  input  pin  is  connected  internally  through  a  100KQ 
resistor  tied  to  the  inverting  input  of  an  op  amp. 


Figure  3.  Buffer  for  filler  output. 


External  Connection  Pins  (7,14,  and  1,13) 

Pins  7  and  14  should  be  connected  together.  In  a  printed 
circuit  board  the  connection  should  be  done  under  the  IC 
package  through  a  short  trace  surrounded  by  the  analog 
ground  plane.  When  the  clock  to  cutoff  frequncy  ratio  is  set 
at  50:1,  pin  1  should  be  shorted  to  pin  13;  if  not,  the 
passband  will  exhibit  1  db  of  gain  peaking  and  it  will  deviate 
from  a  Butterworth  response.  Note,  for  some  applications, 
a  small  gain  peaking  may  be  required  to  compensate  for 
sinx/xsystem  errors.Pin  1  is  the  inverting  input  of  an  internal 
op  amp  and,  it  should  preferably  be  0.2  inches  away  from 
any  other  circuit  trace. 


NC  Pin  (8) 

Pin  8  is  not  connected  to  any  internal  circuit  point  on  the 
device  and  should  be  preferably  tied  to  analog  ground. 

TABLE  1 .  Clock  Source  High  and  Low  threshold  levels. 


POWER  SUPPLY 

HIGH  LEVEL 

LOW  LEVEL 

Dual  Supply  =  ±7.5Volts 

a  2.18Volt 

=  0.5Volt 

Dual  Supply  =  ±5.0Volts 

2  1  45Volt 

s  0.5Volt 

Dual  Supply  =  ±2.5Volts 

a  0.73Volt 

s-2.0Volt 

Single  Supply  =  12.0Volt 

2  7.80VOH 

s  6.5Volt 

Single  Supply  =  5.0Volt 

a  1.45Volt 

s  0.5Volt 
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F€flTUR€S 

■  8th  Order  Elliptic  Filter  in  a  14-pin  Package 

■  4mA  Supply  Current  with  +5V  Supplies 

■  64dB  Attenuation  at  1.44 /cutoff 

■  /cutoff  up  to  20kHz 

■  100:1 /clk  to /cutoff  Ratio 

■  120uVrms  Wideband  Noise 

■  Operates  at  Single  5V  Supply  with  1VRMs  Input  Range 

■  Operates  up  to  ±8V  Supplies 

■  TTL/CMOS  compatible  clock  input 

■  No  External  Components 

nppucnTions 

■  Anti-Aliasing  Filters 

■  Battery  Operated  Instruments 

■  Telecommunications  Filters 

■  Smoothing  Filters 


 LTC1 164-6 

Low  Power  8th  Order 
Elliptic  Low  Pass  Filter 


November  1991 


DCSCRIPTIOn 


The  LTC1164-6  is  a  monolithic  8th  order  elliptic  lowpass  filter 
featuring  clock-tunable  cutoff  frequency  and  low  power  supply 
current.  Low  power  operation  is  achieved  without  compromis- 
ing noise  or  distortion  performance;  the  LTC1 164-6  uses  only 
4mA  supply  current  while  keeping  wideband  noise  below 
120uVRMS. 

The  LTC1 164-6  provides  an  elliptic  low-pass  rolloff  with 
stopband  attenuation  of  64dB  at  1  .44/cutoff  and  an  /clk  to 
/cutof  ratio  of  100:1.  The  LTC1 164-6  is  pin  compatible 
with  the  LTC1 064-1. 

The  1 164-6  can  be  clock  tuned  to  a  maximum  /cutof = 20kHz 
with  ±7.5V  supplies,  /cutof  =  10kHz  with  ±5V  supplies,  and 
/CUTOF  =  6kHz  with  ±2.5V  supplies. 


TYPICm  APPUCOTIOn 

20kHz  Anti-Aliasing  Filter 


Frequency  Response 


WIDGBANDNOISE=120[jVrms 

NOTE:  THECONNECTION  FROM  PIN  7TO  PIN  14SH0ULD  BE  MADE  UNDER  THE 
PACKAGE  THE  POWER  SUPPLIES  SHOULD  BE  BYPASSED  BYA0.1  liFCAPACTORAS 
CLOSETOTHEPACKAGEAS  POSSIBLE. 


O 
•10 
-20 
a-"30 

a  -50 
-60 
-70 
-80 


I 

- 

0  1C 

FREQUENCY  (kHz) 
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ABSOLUTE  MAXIMUM  RATINGS  (N.tei) 

Total  Supply  Voltage  (V+  to  V)  16V    Burn-In  Voltage  16V 

Input  Voltage  (Note  2)  (V+  +  0.3V)  to  (V  -  0.3V)    Operating  Temperature  Range  0°C  to  70°C 

Output  Short  Circuit  Duration  Indefinite    Storage  Temperature  Range  -65°C  to  150°C 

Power  Dissipation  400mW    Lead  Temperature  (Soldering,  10  sec.)  300°C 


PACKAGC/ORDCR  INFORMATION 


TOP  VIEW 

ORDER  PART 
NUMBER 

TOP  VIEW 

ORDER  PART 
NUMBER 

Nc[T 

NC  \T 

I6|0UT(C| 
LU  NC 

u]v- 
ia]  nc 

iZ\  CLK 

TT]nc 
io]nc 

JJvOUT 

H]  OLT(C) 

VIN  |T 
GND  [T 

Vt[7 
GND  [F 

NC  [? 
LP(A)[7 
PJN(A)[J_ 

VIN  \T 
GND  [T 
V+  [7 
GND  [? 
LP(A)[F 
RIN(A)[7 

[J]  NC 
I|]  V- 
n]CLK 

io]nc 

9]V0UT 
F]  NC 

LTC1164-6CN 

LTC1164-6CS 

N  PACKAGE 
14-LEAD  PLASTIC  DIP 

S  PACKAGE 
16-LEAD  SOL 

€L€CTRICAL  CHARACTERISTICS 

Vs  =  ±7.5V,  RL  =  10k,  /clk  =  400kHz,  TA  -  Operating  Temperature  Range,  unless  otherwise  specified. 


PARAMETER 

CONDITIONS 

LTC1164-6C 
MIN       TYP  MAX 

UNITS 

PassbandGainO.1Hz-0.25/curoFF 

/TEST=1kHZ 

-0.10 

dB 

Gainat0.50/cuT0F(Note3) 

/test =2  kHz 

-0.20 

dB 

Gainat0.90/cuTOFF(Note3) 

/TEST  =  3.6kHZ 

-0.10 

dB 

GainaI0.95/CUTOFF(N°te3) 

/TEST=3.8kHz 

-0.40 

dB 

Gainat/cuT0fF(Note3) 

/test = 4kHz 

-2.40 

dB 

Gainat1.44/cuT0FF(Nole3) 

/TEST=5.75kHz 

-65.0 

dB 

Gainat2.0/cuT0FF(Note3) 

/TEST  =  8kHZ 

-65.0 

dB 

Gainwilh/cLK=20kHz 

/TEST=200Hz 

-2.40 

dB 

GainwithVs=±2.375V 

/CLK  =  400kHZ,/TEST  =  2kHZ 
/CLK=400kHZ,/TEST  =  4kHz 

-0.10 
-2.40 

dB 
dB 

Inputlmpedance 

30 

kQ 

Power  SupplyCurrent 

VS=±5V 

4 

rrA 

Notel  Absolute  Maximum  Ratingsarethose  values  beyond  which  life  of  external  supplies  beapplied  priorto  power-up  ofthe  LTC1 1 64-6. 

the  device  maybe  impared.  Note  3:  All  gainsare  measured  relativeto  passband  gain. 
Note  2:  Connecting  anypin  to  voltagesgreaterthanV+orless  than  V- 
may  cause  latch-up.  It  is  recommended  that  no  sourcesoperating  from 
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TECHNOLOGY 


F€ATUR€S 

■  600ns  Conversion  Time 

■  1 00ns  Sample  and  Hold  Acquisition  Time 

■  1.3MHz  Sampling  Rate 

■  S0-8  Plastic  Package 

■  Single  Supply  3Vto6V Operation 

■  LowPower:  10mW@3V  Supply  or 

50mW@5V  Supply 

■  3uA  Shutdown  (LTC1 198) 

■  ±1/2LSB  Total  Unadjusted  Error  Over  Temp 
.  3  Wire  Serial  I/O 

■  1Vto5V  Input  Span  Range 


APPLICATIONS 

.  High  Speed  Data  Acquisition 

■  Disk  Drives 

■  Portable  or  Compact  Instrumentation 

■  Low  Power  or  Battery  Operated  Systems 


iP^ELOMlOt^DW 
LTC1196/LTC1198 

8-Bit,  600ns,  1.3MHz 
Sampling  A/D  Converters 

November  1991 

DESCRIPTION 

The  LTC1 196/8  are  600ns,  8-bit  A/D  converters  with  a 
sampling  rate  ot  1 .3MHz.  They  are  offered  in  8  pin  SO 
packages  and  operate  on  3V  to  6V  supplies.  They  draw 
only  1 0mW  from  a  3V  supply  or  50mW  from  a  5  V  supply. 
The  LTC1198  automatically  powers  down  to  3uA  of 
supply  current  whenever  it  is  not  performing  conver- 
sions. These  8-bit,  switched  capacitor,  successive  ap- 
proximation ADCs  include  sample  and  holds.  The  1196 
has  a  differential  analog  input.  The  1 1 98  offers  a  software 
selectable  2  channel  mux. 

On-chip  serial  ports  allow  8  pin  packaging  and  require  only 
3  interface  lines.  The3wirestransferdatatoshift  registers, 
ASICs  or  microprocessors.  SO-8  packages,  3V  operation 
and  extremely  high  sample  rate  to  power  ratio  (100KHz/ 
mW)  provide  an  ideal  choice  for  compact,  high  speed 
systems. 

These  ADCs  can  be  used  in  ratiometricapplications  orwith 
external  references.  The  high  impedance  analog  inputs 
and  the  ability  to  operate  with  reduced  spans  (below  IVfull 
scale)  allow  direct  connection  to  sensors  and  transd  ucers 
in  many  applications,  eliminating  the  need  forgain  stages. 

All  grades  are  specified  with  offset  and  linearity  errors  of 
+0.5LSB  maximum  over  temperature.  The  A  grade  de- 
vices are  specified  with  total  unadjusted  error  of  ±0.5LSB 
maximum  over  temperature. 


PACKAGC  INFORMATION 


SO  PACKAGE 
ONLY\ 


TOP  VIEW     DIP  PACKAGE 
'ONLY 


7\  Vcc 
3  CLK 
I]  Dout 
3  VnEF 


3  PACKAGE        TOP  VIEW 
_ONLY^_ 

CS/ 


S8  PACKAGE  NOP/ 
8-LEAD  PLASTIC  SOIC     8-LEAD  ' 


DIP  PACKAGE 
ONLY 

H  Vcc<VnE,j 
LTC1198      [3  ^ 


7]  Dour 
II  Din 
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TECHNOLOGY 


F€ATUR€S 

■  140MHz  Bandwidth,  Av=2,  RL=150Q 
>  1 1 00V/ns  Slew  Rate 

■  Low  Cost 

■  30mA  Output  Drive  Current 

■  0.01%  Differential  Gain 

■  0.01°  Differential  Phase 

■  High  Input  Impedance,  14MQ,  3pF 

■  Wide  Supply  Range,  ±2V  to  ±15V 

■  Shutdown  Mode  -  Is<250l»A 

■  Low  Supply  Current,  Is  =10mA 

■  Inputs  Common  Mode  to  Within  1.5V  of  Supplies 

■  Outputs  Swing  Within  0.8V  of  Supplies 

APPLICATIONS 

■  Video  Amplifiers 

■  Cable  Drivers 

■  RGB  Amplifiers 

■  Test  Equipment  Amplifiers 

■  50Q  Buffers  for  Driving  Mixers 


140MHz  Video  Current 
Feedback  Amplifier 

A  prill  992 

DESCRIPTION 

The  LT1227  is  a  current  feedback  amplifier  with  wide 
bandwidth  and  excellent  video  characteristics.  The  low 
differential  gain  and  phase,  wide  bandwidth,  and  the  30mA 
output  current  drive  makes  the  LT1227  well  suited  to  drive 
cables  in  video  systems. 

A  shutdown  feature  switches  the  device  into  a  high 
impedance,  low  current  mode,  allowing  multiple  devices 
to  be  connected  in  parallel  and  selected.  Input  to  output 
isolation  in  shutdown  is  70dB  at  10MHz  for  input  ampli- 
tudes up  to  10Vpp.  The  shutdown  pin  interfaces  to  open 
collector  or  open  drain  logic  and  takes  only  fys  to  enable 
or  disable. 

The  LT1227  comes  in  the  industry  standard  pinout  and 
can  upgrade  the  performance  of  many  older  products.  For 
a  dual  or  quad  version,  see  the  LT1 229/1 230  datasheet. 

The  LT1227  is  manufactured  on  Linear  Technology's 
proprietary  complementary  bipolar  process. 


TYPICAL  APPLICATION 


Video  Cable  Driver 


_  0.16 


1 

8 


Differential  Gain  and  Phase 
vs  Supply  Voltage 


NT 

sec 

OMF 

osn 

E 
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5         7  9         11         13  15 
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ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage  ±18V 

Input  Current  ±15mA 

Output  Short  Circuit  Duration  (Note  1)  Continuous 

Operating  Temperature  Range 

LT1227C  0°Cto  70°C 

LT1227M  -55°Cto  125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Junction  Temperature 

Plastic  Package  150°C 

Ceramic  Package  175°C 

Lead  Temperature  (Soldering,  10  sec)  300°C 


PACKAG€/ORD€R  INFORMATION 


TOP  VIEW 

ORDER  PART 
NUMBER 

NULL  [T 
-IN  [T 
♦IN  [T 

v-  0 

J\  SHUTDOWN 

I]  OUT 
J\  NULL 

LT1227MJ8 
LT1227CN8 
LT1227CS8 

€L€CTRICAL  CHARACTERISTICS 

VCm  =  0,  ±5V  <  Vs  s  ±15V,  pulse  tested, unless  otherwise  noted. 


FORMAL 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

TA=25°C 

±3  ±10 
±15 

mV 
mV 

Input  Offset  Voltage  Drift 

10 

nW°c 

'lN+ 

Non-inverting  InputCurrent 

TA  =  25°C 

±0.3  ±3 
±10 

pA 

ma 

llN- 



Inverting  InputCurrent 

TA  =  25°C 

±10  ±60 
±100 

mA 
uA 

e„ 

Input  Noise  Voltage  Density 

f  =  1  kHz,  Rf=  1  ka,  RG  =  1 0Q,  Rs=  OQ 

3.2 

nV/VHz 

in 

Input  Noise  Current  Density 

f  =  1  kHz,  Rp=  1  kQ,  RG  =  1 0Q,  Rs  =  1 0kQ 

1.7 

pAVHz 

f  IN 

Input  Resistance 

V|N  =  ±13V,  VS  =  ±15V 
V|N  =  ±3V,VS  =  ±5V 

1.5  14 
1.5  11 

M<2 
MQ 

ClN 

Input  Capacitance 

3 

PF 

Input  Voltage  Range 

VS  =  ±15V,TA  =  25'>C 
VS  =  ±5V,  TA  =  25°C 

±13  ±13.5 
±12 

±3  ±3.5 
±2 

V 
V 
V 
V 

CMRR 

Common-Mode  Rejection  Ratio 

Vs  =  ±15V,VCM  =  ±13V,TA=25°C 
VS  =  ±15V,  VCM  =  ±12V 
Vs  =  ±5V,Vcm  =  ±3V,Ta=250C 
VS  =  ±5V,VCM  =  ±2V 

55  62 
55 

55  61 
55 

dB 
dB 
dB 
dB 
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€L€CTRICfiL  CHflRflCT€RISTICS 

VCm  =  0,  ±5V  s  Vs  s  ±15V,  pulse  tested,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Inverting  Input  Current 

VS  =  ±15V,  VCM  =  ±13V,TA=25°C 

3.5 

10 

mA/v 

Common-Mode  Rejection 

VS  =  ±15V,VCM  =  ±12V 

• 

10 

mA/v 

Vs  =  ±5V,Vcm  =  ±3V,Ta=250C 

4.5 

10 

mA/v 

Mr-  -  +          Mr.,.  -+9V 

10 

pA/V 

PQRR 
ronn 

Power  Supply  Rejection  Ratio 

Vs  =  ±2V  to  ±1 5V,  TA  =  25  C 

60 

80 

dB 

Vj  =  ±3V  to  ±1 5  V 

• 

60 

dB 

Nnn-lnvprtinn  Inout  Current 

IVUII    HIVGI  Lilly  iMpUlVUIlOlll 

Vs  =  ±2V  to  ±1 5V,  T„  ■  25  C 

2 

50 

nA/V 

Pnu/pr  ^unnlu  Rpipptinn 

Vs  =  ±3V  tO±15V 

• 

50 

nA/V 

Inverting  Input  Current 

Vs  =  ±2V  to  ±1 5V,  Ta  =  25°C 

0.25 

5 

uA/V 

Pnwpr  ^iinnlv  Rpiprtion 

Vg  =  ±oV  10  ±1DV 

• 

5 

pA/V 

MV 

Large  Signal  Voltage  Gain 

VS  =  ±1 5V,  V0ut  =  ±1 OV,  RLoA[)  =  1  KQ 

• 

55 

72 

dB 

w         c\/  i/           .01/  re             -i  crt*~» 

Vs  =  ±5V,  VouT  =  ±2V,  Rload  =  1 50Q 

• 

55 

72 

dB 

Rn, 

"OL 

Trans  re  si  stance,  aVqut/AIin- 

Vs  =  ±1 5V, v0ut  =  ±1 ov,  Rload  =  i  kQ 

• 

100 

270 

kQ 

W             CM    M                  Oil    n                  J  r- r\y^v 

Vs  =  ±5V,  Vout  =  ±2V,  Rload  =  1 50Q 

• 

100 

240 

kQ 

■ 

VOUT 

Maximum  OutDUt  Voltaae  Swina 

Vs=±15V,  KloAD  =  4UOQ,  Ia="  c 

±12 

±13.5 

±10 

V 

VS  =  ±5V,  RLoad  =  150Q,TA=25°C 

±3 

±3.7 

V 

• 

±2.5 

V 

loUT 

Maximum  Output  Current 

RL0AD  =  0Q,TA=25°C 

30 

60 

mA 

Is 

Supply  Current,  Note  2 

VS  =  ±15V,  V0Ut=0V,Ta  =  25°C 

10 

15 

mA 

• 

17.5 

mA 

Positive  Supply  Current  Shutdown 

Vs=±15V,Pin8Voltage=0V 

120 

250 

uA 

• 

500 

uA 

i 

<t 

Chi  itHn«<ri  Din  Pitrrnnt  MntoQ 

VS=±15V 

• 

200 

uA 

OutputLeakageCurrent,  Shutdown 

Vs=±15V,Pin8Voltage  =  0V,TA=25°C 

10 

uA 

SR 

SlewRate,Notes4and6 

TA=25°C 

500 

1100 

V/uS 

tr 

Rise  Time,  Notes5and6 

TA=25°C 

13 

25 

ns 

m 

Small  Signal  Bandwidth 

Vr-+isv  Rr-iko  Ro-iko  r, -mno 

140 

MHz 

t 

Small  Signal  Rise  Time 

VS=±15V,  RF=1kQ,RG=1kQ,RL=100Q 

3.3 

ns 

Propagation  Delay 

VS=±15V,  RF=1k£2,RG=1kQ,RL=100Q 

3.4 

ns 

Small  Signal  Overshoot 

Vs=±15V,RF=1kQ,RG=1kQ,RL=100Q 

5 

% 

ts 

Settling  Time 

0.1%,V0uT=10V,RF=1kURG=1k£2,RL=1kQ 

50 

ns 

Dilferential  Gain,  Note7 

VS=±15V,  Rp =1k£2,RG=1k£2,RL=150Q 

0.014 

% 

Differential  Phase,  Note7 

VS=±15V,  RF=1kQ,RG=1kQ,RL=150Q 

0.010 

deg 
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Vcm  » 0,  ±5V  s  Vs  s  ±15V,  pulse  tested,  unless  otherwise  noted. 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN     TYP  MAX 


UNITS 


Differential  Gain,  Note  7 


VS  =  ±15V,  Rf  =  1k£2,RG=1kQ,RL  =  1kQ 


O.O10 


% 


Differential  Phase,  Note  7 


VS  =  ±15V,  Rf  =  1kQ,RG=1k&R|.  =  1l<£ 


0.013 


deg 


The«denotesspecificationswhichapplyovertheoperatingtemperature 

range. 

Note  1:  A  heatsink  may  be  required  depending  on  the  power  supply 

voltage. 

Note  2:  The  supply  current  of  the  LT1227  has  a  negative 
temperature  coefficient.  For  more  information,  see  typical 
performance  curves. 

Note  3:  Ramp  pin  8  voltage  down  from  +1 5V  while  measuring  ls. 
When  ls  drops  to  less  than  .5mA,  measure  pin8  current. 
Note  4:  Slew  rate  is  measured  at  ±5  Volts  on  a  ±1 0  Volt  output 
signal  while  operating  on  ±15  Volt  supplies  with  RF  =  2k2,  RG  = 
2202  and  RLOAd  =  400Q. 


Note  5:  Rise  time  is  measured  from  1 0%  to  90%  on  a  ±500  mV 

output  signal  while  operating  on  ±1 5  Volt  supplies  with  RF  =  2kQ,  RG 

=  2202  and  RLOad=  1002.  This  condition  is  not  the  fastest 

possible,  however  it  does  guarantee  the  internal  capacitances  are 

correct  and  it  makes  automatic  testing  practical. 

Note  6:  AC  parameters  are  1 00%  tested  on  the  ceramic  and  plastic 

DIP  packaged  parts  (J  and  N  suffix)  and  are  sample  tested  on  every 

lot  of  the  SO  packaged  parts  (S  suffix). 

Note  7:  NTSC  composite  video  with  an  output  level  of  2  Volts. 


SIMPUFICD  SCHEMATIC 


' ' — 0  v0UT 
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Voltage  Gain  and  Phase  vs 
Frequency,  Gain  =  6dB 


-3dB  Bandwidth  vs  Supply 
Voltage,  Gain=2,  RU100Q 
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Maximum  Capacitive  Load 
vs  Feedback  Resistor 
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Settling  Time  to  10  mV 
vs  Output  Step 


Settling  Time  to  1  mV 
vs  Output  Step 


Supply  Current 
vs  Supply  Voltage 
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APPLICATIONS  INFORMATION 

The  LT1227  is  a  veiy  fast  current  feedback  amplifier. 
Because  it  is  a  current  feedback  amplifier,  the  bandwidth 
is  maintained  over  a  wide  range  of  voltage  gains.  The 
amplifier  is  designed  to  drive  low  impedance  loads  such  as 
cables  with  excellent  linearity  at  high  frequencies. 

Feedback  Resistor  Selection 

The  small  signal  bandwidth  of  the  LT1227  is  set  by  the 
external  feedback  resistors  and  the  internal  junction  ca- 
pacitors. As  a  result,  the  bandwidth  is  a  function  of  the 
supply  voltage,  the  value  of  the  feedback  resistor,  the 
closed  loop  gain  and  load  resistor.  The  characteristic 
curves  of  bandwidth  versus  supply  voltage  show  the 
effect  of  a  heavy  load  (100Q)  and  a  light  load  (tkQ)  . 
These  graphs  also  show  the  family  of  curves  that  result 
from  various  values  of  the  feedback  resistor.  These 
curves  use  a  solid  line  when  the  response  has  less  than 
0.5dB  of  peaking  and  a  dashed  line  when  the  response  has 
0.5  to  5dB  of  peaking.  The  curves  stop  where  the 
response  has  more  than  5dB  of  peaking. 

At  a  gain  of  two,  on  ±1 5  volt  supplies  with  a  1  kQ  feedback 
resistor,  the  bandwidth  into  a  light  load  is  over  140MHz 
without  peaking,  but  into  a  heavy  load  the  bandwidth 
reduces  to  120MHz.  The  loading  has  this  effect  because 
there  is  a  mild  resonance  in  the  output  stage  that  enhances 
the  bandwidth  at  light  loads  but  has  its  Q  reduced  by  the 
heavy  load.  This  enhancement  is  only  useful  at  low  gain 
settings;  at  a  gain  of  ten  it  does  not  boost  the  bandwidth. 
At  unity  gain,  the  enhancement  is  so  effective  the  value  of 
the  feedback  resistor  has  very  little  effect.  At  very  high 
closed  loop  gains,  the  bandwidth  is  limited  by  the  gain 
bandwidth  product  of  about  1GHz.  The  curves  show  that 
the  bandwidth  at  a  closed  loop  gain  of  100  is  12MHz,  only 
one  tenth  what  it  is  at  a  gain  of  two. 

Capacitance  on  the  Inverting  Input 

Current  feedback  amplifiers  require  resistive  feedback 
from  the  output  to  the  inverting  input  for  stable  operation. 
Take  care  to  minimize  the  stray  capacitance  between  the 
output  and  the  inverting  input.  Capacitance  on  the  invert- 
ing input  to  ground  will  cause  peaking  in  the  frequency 
response  (and  over  shoot  in  the  transient  response),  but  it 


does  not  degrade  the  stability  of  the  amplifier. 
Capacitive  Loads 

The  LT1227  can  drive  capacitive  loads  directly  when  the 
proper  value  of  feedback  resistor  is  used.  The  graph  of 
Maximum  Capacitive  Load  vs  Feedback  Resistor  should  be 
used  to  select  the  appropriate  value.  The  value  shown  is  for 
5dB  peaking  when  driving  a  1kQ  load  at  a  gain  of  2.  This 
is  a  worst  case  condition,  the  amplifier  is  more  stable  at 
higher  gains  and  driving  heavier  loads.  Alternatively,  a 
small  resistor  (10Q  to  20Q)  can  be  put  in  series  with  the 
output  to  isolate  the  capacitive  load  from  the  amplifier 
output.  This  has  the  advantage  that  the  amplifier  band- 
width is  only  reduced  when  the  capacitive  load  is  present 
and  the  disadvantage  that  the  gain  is  a  function  of  the  load 
resistance. 

Power  Supplies 

The  LT1 227  will  operate  from  single  or  split  supplies  from 
±2V  (4V  total)  to  ±1 5V  (30V  total) .  It  is  not  necessary  to  use 
equal  value  split  supplies,  however  the  offset  voltage  and 
inverting  input  bias  current  will  change.  The  offset  voltage 
changes  about  500nV  per  volt  of  supply  mismatch.  The 
inverting  bias  current  can  change  as  much  as  5.0nA  per 
volt  of  supply  mismatch,  though  typically  the  change  is  less 
than  0.5nA  per  volt. 

Slew  Rate 

The  slew  rate  of  a  current  feedback  amplifier  is  not 
independent  of  the  amplifier  gain  configuration  the  way 
slew  rate  is  in  a  traditional  op  amp.  This  is  because  both 
the  input  stage  and  the  output  stage  have  slew  rate 
limitations.  In  the  inverting  mode,  and  for  higher  gains  in 
the  noninverting  mode,  the  signal  amplitude  between  the 
input  pins  is  small  and  the  overall  slew  rate  is  that  of  the 
output  stage.  For  gains  less  than  ten  in  the  noninverting 
mode,  the  overall  slew  rate  is  limited  by  the  input  stage. 

The  input  stage  slew  rate  of  the  LT1227  is  approximately 
125V/[is  and  is  set  by  internal  currents  and  capacitances. 
The  output  slew  rate  is  set  by  the  value  of  the  feedback 
resistors  and  the  internal  capacitances.  At  a  gain  of  ten  with 
a  1  kQ  feedback  resistor  and  ±1 5V  supplies,  the  output  slew 
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rate  is  typically  1100V/ns.  Larger  feedback  resistors  will 
reduce  the  slew  rate  as  will  lower  supply  voltages,  similar 
to  the  way  the  bandwidth  is  reduced. 

The  graph  of  Maximum  Undistorted  Output  vs.  Frequency 
relates  the  slew  rate  limitations  to  sinusoidual  inputs  for 
various  gain  configurations. 

Settling  Time 

The  characteristic  curves  show  that  the  LT1227  amplifier 
settles  to  within  1 0mV  of  final  value  in  40ns  to  55ns  for  any 
output  step  up  to  10V.  The  curve  of  settling  to  1mV  of  final 
value  shows  that  there  is  a  slower  thermal  contribution  up 
to  20[xs.  The  thermal  settling  component  comes  from  the 
output  and  the  input  stage.  The  output  contributes  just 
unde  r  1  mV  per  volt  of  output  change  and  the  input  contrib- 
utes 300|W  per  volt  of  input  change.  Fortunately  the  input 
thermal  tends  to  cancel  the  output  thermal.  For  this  reason 
the  non-inverting  gain  of  two  configuration  settles  faster 
than  the  inverting  gain  of  one. 

Shutdown 

The  LT1227  has  a  high  impedance,  low  supply  current 
mode  which  is  controlled  by  Pin  8.  In  the  shutdown  mode, 
the  output  looks  like  a  12pF  capacitor  and  the  supply 
current  drops  to  approximately  the  pin  8  current.  Pulling 
a  current  of  greater  than  50nA  from  pin  8  will  put  the 
device  into  the  shutdown  mode.  An  easy  way  to  force 
shutdown  is  to  ground  pin  8,  using  open  drain  (collector) 
logic.The  logic  should  have  a  breakdown  voltage  of  greater 
than  the  positive  supply.  No  other  circuitry  is  necessary 
as  an  internal  JFET  limits  the  pin  8  current  to  about  1 OOnA. 
When  pin  8  is  open,  the  LT1227  operates  normally. 

Differential  Input  Signal  Swing 

The  differential  input  swing  is  limited  to  about  ±6V  by  an 
ESD  protection  device  connected  between  the  inputs.  In 
normal  operation,  the  differential  voltage  between  the  input 
pins  is  small.so  this  clamp  has  no  effect;  however,  in  the 
shutdown  mode,  the  differential  swing  can  be  the  same  as 
the  input  swing.  The  clamp  voltage  will  then  set  the 
maximum  allowable  input  voltage.  To  allow  for  some 
margin,  it  is  recommended  that  the  input  signal  be  less 


than  ±5V  when  the  device  is  shutdown. 
Offset  Adjust 

The  offset  adjust  pins  act  on  the  inverting  input  bias 
current.  A 1 0k  pot  connected  to  pins  1  and  5  with  the  wiper 
connected  to  V+  will  null  out  the  bias  current,  but  will  not 
affect  the  offset  voltage  much.  Since  the  output  offset  is 

V0  *  Av*V0s+(Iin-)*Rf 

at  higher  gains  the  Vqs  term  will  dominate.  To  null  out  the  Vqs 
term,  use  a  10k  pot  between  pins  1  and  5  with  a  150kQ  resistor 
from  the  wiper  to  ground  for  1 5V  split  supplies,  47kQ  for  5V  split 
supplies. 


Optional  Offset  Nulling  Circuit 


Rnuu. 

I.  .T.IOkQ 
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Mux  Amplifier 

The  shutdown  function  can  be  effectively  used  to  construct  a 
MUX  amplifier.  A  two  channel  version  is  shown,  but  more  inputs 
could  be  added  with  suitable  logic.  By  configuring  each  amplifier 
as  a  unity  gain  follower,  there  is  no  loading  by  the  feedback 
network  when  the  amplifier  is  off.  The  open  drains  of  the  74C906 
buffers  are  used  to  interface  the  5V  logic  to  the  shutdown  pin. 
Feedthrough  from  the  unselected  input  to  the  output  is  -70dB  at 
10MHz.  The  differential  voltage  between  MUX  inputs  V|N1  and 
V|N2  appears  across  the  inputs  of  the  shutdown  device,  this 
voltage  should  be  less  than  ±5V  to  avoid  turning  on  the  clamp 
diodes  discussed  previously.  If  the  inputs  are  sinusoidual  having 
a  zero  dc  level,  this  implies  that  the  amplitude  of  each  input 
should  be  less  than  5Vpp.  The  output  impedance  of  the  off 
amplifier  remains  high  until  the  output  level  exceeds  approximately 
6Vpp  at  10MHz,  this  sets  the  maximum  usable  output  level. 
Switching  time  between  inputs  is  about  4lis  without  an  external 
pullup.  Adding  a  10k  pullup  resistor  from  each  shutdown  pin  to 
V+  will  reduce  the  switching  time  to  2(xs  but  will  increase  the 
positive  supply  current  in  shutdown  by  1.5mA. 


MUXOutput 


VOUT 


INPUT 
SELECT 


MUX  Input  Crosstalk  vs  Frequency 


1  10 

FREQUENCY  (MHz) 
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Single  Supply  AC  Coupled  Amplifiers 
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TECHNOLOGY         5v  RS232  Transceiver  with 
Advanced  Power  Management  and 
One  Receiver  Active  in  SHUTDOWN 


F€flTUR€S 

■  One  Receiver  Remains  Active  while  in  SHUTDOWN 

■  ESD  Protection  over  ±10kV 

■  Uses  Small  Capacitors  (0.1  uf,  0.2uJ,1.0u.F) 

■  60nA  Supply  Current  in  SHUTDOWN 

■  Pin  Compatible  with  LT1137 

■  Operates  to  120kbaud 

■  CMOS  Comparable  Low  Power  30mW 

■  Operates  from  a  Single  5V  Supply 

■  Easy  PC  Layout-Flow  Through  Architecture 

■  Rugged  Bipolar  Design 

■  Outputs  assume  a  High  Impedance  State  When 
Off  or  Powered  Down 

■  Absolutely  No  Latchup 

■  Available  in  SO  Package 

nppucnnoNS 

■  Notebook  Computers 

■  Palmtop  Computers 


June,  1992 

DESCRIPTION 

The  LT1237  is  an  advanced  low  power  three  driver,  five 
receiver  RS232  transceiver.  Included  on  the  chip  is  a 
shutdown  pin  for  reducing  supply  current  near  zero. 
During  shutdown  one  receiver  remains  active  to  detect 
incoming  RS232  signals,  for  example,  to  wake  up  a 
system. 

The  LT1237  is  fully  compliant  with  all  EIA  RS232 
specifications.  New  ESD  structures  on  the  chip  allow 
the  LT1237  to  survive  multiple  +/-10kV  strikes, 
eliminating  the  need  for  costly  transorbs  on  the  RS232 
line  pins. 

The  LT1237  operates  in  excess  of  120  kilobaud  even 
driving  heavy  capacitive  loads.  Two  shutdown  modes 
allow  the  driver  outputs  to  be  shut  down  separately 
from  the  receivers  for  more  versatile  control  of  the 
RS232  interface.  During  shutdown,  drivers  and 
receivers  assume  a  high  impedance  state. 


Typical  Application 


RX2IN 
RX3IN 

RX4INEfl 
DRIVER  3  OUT  E 
RX  5  IN  (LOWO)  E2 
ON/OFFrEI 
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ABSOLUTE  MAXIMUM  RATINGS 

(Note  1) 

Supply  Voltage  (Vcc)  6V 

V+   +13.2V 

V-  -13.2V 

Input  Voltage 

Driver  V+  to  V- 

Receiver  +30V  to  -30V 

Output  Voltage 

Driver  -55°C  to  125°C 

Receiver  0°C  to  70°C 

Short  Circuit  Duration 

V+  30s 

V-  30s 

Driver  Output  Indefinite 

Receiver  Output  Indefinite 

Operating  Temperature  Range 

LT1237I  -40°C  to  85°C 

LT1237C  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


PACKfiG€/ORD€R  INFORMATION 


ORDER  PART 
NUMBER 


LT1237IJ 
LT1237CJ 
LT1237CN 
LT1237CS 


€L€CTAICAL  CHARACTERISTICS  (Not.2) 


PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

V+ Output 

8.6 

V 

V- Output 

-7.0 

V 

Supply  Current  (Vcc) 

(Note  3) 

6  9 

mA 

Supply  Current  when  OFF(Vcc) 

SHUTDOWN  (Note  4) 
DRIVER  DISABLE 

• 

0.06  0.150 
3 

mA 
mA 

Supply  Rise  Time 
SHUTDOWN  to  Turn  On 

C1=C2=0.2nF, 
C+=1.0|iF,  C-  =  0.1|iF 

2 

ms 

ON/OFF  Pin  Thresholds 

Input  Low  Level  (Device  SHUTDOWN) 
Input  High  Level  (Device  Enabled) 

1.4  0.8 
2.0  1.4 

V 
V 

ON/OFF  Pin  Current 

OV  s  Vqn/off  *5V 

-15  80 

uA 

Driver  Disable  Pin  Thresholds 

Input  Low  Level  (Drivers  Enabled) 
Input  High  Level  (Drivers  Disabled) 

1.4  0.8 
2.0  1.4 

V 
V 

DRIVER  DISABLE  Pin  Current 

0V  s  VnmvER  DISABLE  s  5V 

-10  500 

MA 
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aCCTMCm  CHARACT6RISTICS  me?) 


PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Any  Driver 

OutputVoltage  Swing 

Load=3ktoGND  Positive 
Negative 

* 

5.0 
-5.0 

7.3 
-6.5 

V 
V 

LogiclnputVoltage  Level 

Input  Low  Level  (V0uT=High) 
lnputHighLevel(VouT=Low) 

• 
* 

2.0 

1.4 
1.4 

0.8 

V 
V 

Logic  InputCurrent 

0.8V  sV|ns2.0V 

* 

5 

20 

MA 

OutputShortCircuitCurrent 

VOut=0V 

17 

mA 

Output  Lea  kageCurrent 

ii  rrnAi  i  it,  i  i  /             o/\\  r/M,i„  a  \ 

SHUTDOWN  VouT=±30V(Note4) 

• 

10 

100 

MA 

SlewRate 



RL=3KCL=51pF 
R[=3k,C|=2500pF 

4 

15 
15 

30 

V/us 
V/us 

Propagation  Delay 

Output  Transition  tH  [.High  to  Low  (Note  5) 
Output  Transition  tLHL°wt°  High 

0.6 
0.5 

1.3 
13 

uS 
"S 

Any  Receiver 

Input  Voltage  Thresholds 

Input  Low  Threshold  (V0uT  =  High) 
Input  High  Threshold  (Vout  =  Low) 

0.8 

1.3 
1.7 

2.4 

V 
V 

Hysteresis 

• 

0.1 

0.4 

1.0 

V 

Input  Resistance 

3 

5 

7 

kQ 

Ouput  Leakage  Current 

SHUTDOWN  (Note)  0  s  V0UT  sVcc 

• 

1 

10 

MA 

Receivers  1  Through  4 

OutputVoltage 

Output  Low,  lorn:  =  "1  -6mA 
Output  High,  l0UT  =  1 60 uA(Vcc=5V) 

• 
• 

3.5 

0.2 
4.2 

0.4 

V 
V 

OutputShortCircuitCurrent 

Sinking  Current, V0uT=VCc 
Sourcing  Current,  V0ut= 0V 

-10 
10 

-20 
20 

n* 
rrrt 

Propagation  Delay 

Output  Transition  tHLHigh  to  Low  (Note  6) 
Output  TransitiontLHLowto  High 

250 
350 

600 
600 

nS 
nS 

Received  (LOW-IsupplyRX) 

OutputVoltage 

Output  Low,  louT  =-500(jA 
Output  High,  l0UT= 1  60pA  (Vcc  =  5V) 

• 
• 

3.5 

0.2 
4.2 

0.4 

V 
V 

OutputShortCircuitCurrent 

Sinking  Current,  V0UT=Vcc 
SourcingCurrent,V0uT=OV 

-2 
2 

-4 
4 

rrA 
mA 

Propagation  Delay 

Output  Transition  tHLHighto  Low  (Note  6) 
Output  TransitiontLHLowto  High 

1.0 
1.0 

3 
3 

MS 
MS 

The  •  denotes  specifications  whichapply  overthe  operatingtemperature 

range.  (0°CsTAs  70°  C  for  commercial  grade,  -40°CsTA  s85°C  for 

industrial  grade,  and  -55°C  sTA  s  1 25°C  for  military  grade.) 

Notel :  Absolute  Maximum  Ratingsare  those  valuesbeyond  which  the  lifeof 

the  device  may  beimpaired. 

Note  2:Testing  done  at  VCc  =  5Vand  Von/off=3V. 

Note3:Supplycurrentismeasuredastheaverageoverseveralchargepump 

burstcycles.  C+=1.0u.F,C-=O.1|iF,C1=C2=0.2nF.AIIoutputsareopen,with 

alldriver  inputs  tied  high. 


Note4:Supplycurrentmeasurements  inSHUTDOWNare  performed  with 
Von/offsO-1V.  Supply  current  measurements  using  DRIVER  DISABLEare 
performed  with  Vqriver  disable  *  3V. 

Note5:Fordriver  delay  measurements,  RL=3kandCL=51pF.  Trigger  points 
are  set  between  the  driver'sinput  logicthreshold  and  the  outputtransition  to 
the  zero  crossing,  (tw.  =  1 .4Vto  OVand  tLH  =  1 .4Vto  OV) 

Note  6:Forreceiverdelaymeasurements,CL=51pF.Triggerpointsare  set 
between  the  receiver'sinput  logic  threshold  and  the  output  transition  to 
standard  TTUCMOS  logic  threshold.  (tHL=1.3Vto2.4VandtLH=1.7Vto0.8V) 
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PIN  FUNCTIONS 

Vcc:  +5V  Input  supply  pin.  This  pin  should  be  decoupled 
with  a  0.1  uF  ceramic  capacitor. 


GND:  Ground  Pin. 

On/Off:  TTL/CMOS  compatible  operating  mode  control.  A 
logic  low  puts  the  device  in  the  low  power  SHUTDOWN 
mode.  Which  places  all  of  the  drivers  and  four  receivers  in 
a  high  impedance  state.  A  logic  high  fully  enables  the 
transceiver. 

DRIVER  DISABLE:  This  pin  provides  an  alternate  control 
for  the  charge  pump  and  RS232  drivers.  A  logic  high  on 
this  pin  shuts  down  the  charge  pump  and  places  all  drivers 
in  a  high  impedance  state.  All  receivers  remain  active 
under  these  conditions.  Floating  the  driver  disable  pin  or 
driving  it  to  a  logic  low  level  fully  enables  the  transceiver. 

V+:  Positive  supply  output  (RS232  drivers).  V+  -  2VCc  - 
1.5V.  This  pin  requires  an  external  charge  storage  capaci- 
tor C  >1.0nF,  tied  to  ground  or  +5V.  Larger  value  capaci- 
tors may  be  used  to  reduce  supply  ripple.  The  ratio  of  the 
capacitors  on  V+  and  V-  should  be  greater  than  5  to  1. 

V-:  Negative  supply  output  (RS232  drivers).  V-  -  -(2VCC- 
2.5V).  This  pin  requires  an  external  charge  storage  ca- 
pacitor C  *  0.1  u.F.  To  reduce  supply  ripple,  increase  the 
size  of  the  storage  capacitor. 

C1+;C1-;C2+;C2-:  Commutating  capacitor  inputs,  require 
two  external  capacitors  C  *  0.2^F.  One  from  C1+  to  C1-, 
and  another  from  C2+  to  C2-.  The  capacitor's  effective 
series  resistance  should  be  less  than  2Q.  For  C  ^VF,  low 
ESR  tantalum  capacitors  work  well  in  this  application, 
although  small  value  ceramic  capacitors  may  be  used  with 
a  minimal  reduction  in  charge  pump  compliance. 

DRIVER  IN:  RS232  driver  input  pins.  These  inputs  are 
TTL/  CMOS  compatible.  Inputs  should  not  be  allowed  to 
float.  Tie  unused  inputs  to  Vcc. 

DRIVER  OUT:  Driver  outputs  at  RS232  voltage  levels. 
Outputs  are  in  a  high  impedance  state  when  in  SHUT- 
DOWN mode,  Vcc  =  0V,  or  when  the  driver  disable  pin  is 
active.  Outputs  are  fully  short  circuit  protected  from  V-  + 
30V  to  V+  -  30V.  Applying  higher  voltages  will  not  damage 
the  device  if  the  overdrive  is  moderately  current  limited. 


Short  circuits  on  one  output  can  load  the  power  supply 
generator  and  may  disrupt  the  signal  levels  of  the  other 
outputs.  The  driver  outputs  are  protected  against  ESD  to 
±10kV  for  human  body  model  discharges. 

RX  IN:  Receiver  inputs.  These  pins  accept  RS232  level 
signals  (±30V)  into  a  protected  5kQ  terminating  resistor. 
The  receiver  inputs  are  protected  against  ESD  to  ±1  OkV for 
human  body  model  discharges.  Each  receiver  provides 
0.4V  of  hysteresis  for  noise  immunity. 

RX  OUT:  Receiver  outputs  with  TTL/CMOS  voltage  levels. 
Outputs  are  in  a  high  impedance  stage  when  in  SHUT- 
DOWN mode  to  allow  data  line  sharing.  Outputs,  including 
LOW-Q  RXOUT,  are  fully  short  circuit  protected  to  ground 
or  Vcc  with  tne  power  on,  off,  or  in  SHUTDOWN  mode. 

LOW  Q-CURRENT  RX  IN:  Low  power  receiver  input.  This 
special  receiver  remains  active  when  the  part  is  in  SHUT- 
DOWN mode,  consuming  typically  60liA.  This  receiver 
has  the  same  input  and  protection  characteristics  as  the 
other  receivers. 

LOW  Q-CURRENT  RX  OUT:  Low  power  receiver  output. 
This  pin  produces  the  same  TTL/CMOS  output  voltage 
levels  with  slightly  decreased  speed  and  short  circuit 
current. 


ESD  Test  Circuit 


RS232  Line  Pins 
Protected  to 
(MOW 


X1"^       5V  Vcc  pH 
*  0.2uFi£"iI 

1 — Li 

DRIVER  1  OUT  [5 

RX  1  IN  rjr 

DRIVER  2  OUT  [7 
RX2INfF 
RX3IN[9 
RX  4  IN  [10 
DRIVER  3  OUT  El 
RX5IN(LOW-0)Q2 
ON/OFF  [13 

E 


2|  DRIVER  1  IN 
2]|  RX  1  OUT 
53]  DRIVER  2  IN 
22]  RX  2  OUT 
21]  RX  3  OUT 
H  RX  4  OUT 
fj  DRIVER  3  IN 

RX5  0UT(LOW-Q) 
17}-|GND 

DRIVER  DISABLE 
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TECHNOLOGY 


F€ATUR€S 

■  Very  low  noise:  0.75uVp-p  typ,  0.1  Hz  to  1 0  Hz 

■  DC  to  1  Hz  noise  lower  than  OP-07 

■  Full  output  swing  into  1K  load 

■  Maximum  offset  voltage  10uV 

■  Maximum  offset  voltage  drift  50nV/°C 

■  Minimum  CMRR,  115dB 

■  Minimum  PSRR,  120dB 

■  No  external  components  required 

■  Pin  compatible  with  standard  8-pin  op  amps 


APPLICATIONS 

■  Electronic  scales 

■  Strain  gauge  amplifiers 

■  Thermocouple  amplifiers 

■  High  resolution  data  acquisition 

■  Low  noise  transducers 

■  Instrumentation  amplifiers 


[PIMiyiMOGmiFaY 

LTC1250 

Very  Low  Noise 
Zero-Drift  Bridge  Amplifier 

March  1992 


DESCRIPTION 

The  LTC1250  is  a  high  performance,  very  low  noise  zero-drift 
operational  amplifier.  The  LTC1250's  combination  of  low  front 
end  noise  and  DC  precision  makes  it  ideal  for  use  with  low- 
impedance  bridge  transducers.  The  LTC1250  features  typical 
inputnoiseof0.75pVp-pfrom0.1Hzto10Hz,and0.2uVp-pfrom 
0.1  Hz  to  1  Hz.  The  LTC1 250  has  DC  to  1  Hz  noise  of  0.35uVp-p, 
surpassing  that  of  low-noise  bipolar  parts  including  the  OP-07, 
OP-77,  and  LT1012.  The  LTC1250  uses  the  industry  standard 
single  op  amp  pinout,  and  requires  no  external  components  or 
nulling  signals,  allowing  itto  be  a  pi  ug-in  replacementf  or  bipolar 
op  amps. 

The  LTC1 250  incorporates  an  improved  output  stage  capable  of 
driving +4 .3Vintoa1KQ  load  withasingle5Vsupply;itwillswing 
±4.9Vinto5Kwith±5Vsupplies.Theinput  common  mode  range 
includes  ground  with  single  power  supply  voltages  above  1 2V. 
Supply  current  is  3mA  with  a  ±5V  supply;  overioad  recovery 
times  from  positive  and  negative  saturation  are  0.5ms  and 
1 .5ms,  respectively.  The  internal  nulling  clock  is  set  at  5kHz  for 
optimum  low-frequency  noise  and  offset  drift;  no  external 
connections  are  necessary. 

The  LTC1 250  is  available  in  standard  8-pin  ceramic  and  plastic 
DIPs,  as  well  as  an  8-pin  SOIC  package. 


TVPICAL  APPLICATION 

Differential  Bridge  Amplifier 


GAIN  =  R/R„ 


Input  Referred  Noise  0.1Hz-10Hz 


1.0 


VS«±5V 
AV.10K 
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ABSOLUTE  MAXIMUM  RATINGS     PACKAGC/ORDCR  INFORMATION 


Total  Supply  Voltage  (V+  to  V-)  18V 

Input  Voltage  (V+ +  0.3V)  to  (V  -  0.3V) 

Output  Short  Circuit  Duration  Indefinite 

Operating  Temperature  Range 

LTC1250M  -55°C  to  125°C 

LTC1250C  0°C  to  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec)  300°C 


TOP  VIEW 

ORDFR  PART 

unuLn  r aa n  i 

NUMBER 

NC  [T 

TJ  NC 

•IN  [T 

7]v 

LTC1250MJ8 

♦  IN  |T 

T|  oirr 

LTC1250CJ8 

v-rr 

T|  NC 

LTC1250CN8 

J8  PACKAGE                N8  PACKAGE 
8-LEAD  CERAMIC  DIP       8-LEAD  PLASTIC  DIP 

TOP  VIEW 

LTC1250CS8 

NC  [T 

T|  NC 

-IN  |T 

"T|  v» 

tIN  (T 

T|  OUT 

T|  NC 

S8  PACKAGE 
8-LEAD  PLASTIC  SOIC 

€L€CTRICAL  CHARACTERISTICS  Vs  =  ±5V,  Ta  ■  operating  temperature  range  unless  otherwise  specified 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LTC1250M 
TYP 

MAX 

MIN 

LTC1250C 
TYP 

MAX 

UNITS 

Vos 

InputOffsetVoltage 

TA=25°C(Note1) 

±5 

±10 

±5 

±10 

MV 

AV0S 

Average  Input  Offset  Drift 

(Notel) 

• 

±0.01 

±0.05 

±0.01 

±0.05 

uV/°C 

LongTerm  Offset  Drift 

50 

50 

nV/VTTo 

eN 

lnputNoiseVoltage(Note2) 

TA=25°C,0.1HztOlOHz 
TA=25°C,0.1Hzto1Hz 

0.75 
0.22 

0.9 
0.3 

0.75 
0.22 

0.9 
0.3 

uVp.p 
PV„ 

'N 

Input  NoiseCurrent 

f=10Hz 

4.0 

4.0 

fAMfe 

Ib 

InputBiasCurrent 

TA=25°C 

• 

±50 

±150 
±950 

±50 

±200 

±450 

PA 
PA 

I  OS 

InpLrtOffsetCurrent 

TA=25°C 

• 

±100 

±150 
±200 

±100 

±200 
±300 

PA 
PA 

CMRR 

CommonModeRejectionRatio 

VCM  =  -4Vto+3V,TA=25°C 

• 

115 
110 

130 

115 
110 

130 

dB 
dB 

PSRR 

Power  Supply  Rejection  Ratio 

Vs=±2.375Vto±8V 

• 

120 

130 

120 

130 

dB 

Avol 

Large  Signal  Voltage  Gain 

RL=10K,V0UT=±4V 

• 

135 

170 

140 

170 

dB 

Maximum  OutputVoltage  Swing 

RL=1K 
RL=100K 

• 

+  4.Q/-4.5+4.3/-4.7 
±4.95 

+  4.0A4.5+4.3/-4.7 
±4.95 

V 
V 

9k 

SlewRate 

RL=10K,CL=50pF 

10 

10 

V/us 

GBW 

Gain-Bandwidth  Product 

1.5 

1.5 

MHz 

Is 

Supply  Current 

NoLoad,TA=25°C 

• 

3.0 

4.0 

5.5 

3.0 

4.0 
5.0 

rrA 
rrA 

fs 

InternalSampling  Frequency 

i  

TA=25°C 

4.75 

4.75 

kHz 

XTUDSI 
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€l€CTRICRl  CHARflCTCRISTICSvs  =  +5V,  -OV,  TA  =  operating  temperature  range  unless  otherwise  spectied. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1250M 
MIN       TYP  MAX 

LTC1250C 
MIN       TYP  MAX 

UNITS 

Vos 

Input  Offset  Voltage 

TA  =  25°C(Note1) 

±2  ±5 

±2  ±5 

uV 

AV0S 

Average  Input  Offset  Drift 

(Notel) 

• 

±  0.01     1 0.05 

±  0.01     ±  0.05 

uWC 

e« 

Input  Noise  Voltage  (Note  2) 

TA  =  25°C.0.1Hzto10Hz 
TA  =  25°C,  0.1  Hz  to  1  Hz 

1.0 
0.3 

1.0 
0.3 

uVp-p 
uVp-p 

>a 

Input  Bias  Current 

TA  =  25°C 

±20  ±100 

±20  ±100 

PA 

ios 

Input  Offset  Current 

TA  =  25°C 

±40  ±120 

±40  ±120 

PA 

Maximum  Output  Voltage  Swing 

TA  =  25°C,  RL  =  1k 
TA  =  25°C,  RL  =  100k 

4.0  4.3 
4.95 

4.0  4.3 
4.95 

V 
V 

Is 

Supply  Current 

TA  =  25°C 

1.8  2.5 

1.8  2.5 

mA 

h 

Sampling  Frequency 

TA  =  25°C 

3 

3 

kHz 

The  •  denotes  specs  which  apply  over  the  full  operating  temperature  range. 
Note  1:  These  parameters  are  guaranteed  by  design.  Thermocouple  effects 
preclude  measurement  of  these  voltage  levels  during  automated  testing. 


Note  2: 0.1  to  1 0Hz  noise  is  specified  DC  coupled  in  a  10s  window;  0.1  to  1  Hz 
noise  is  specified  in  a  1 00s  window  with  a  RC  highpass  at  0. 1  Hz.  The  LTC1 250 
is  sample  tested  for  noise;  for  100%  tested  parts  contact  LTC  marketing. 


TYPICAL  PCRFORMRNCC  CHRRRCTCRISTICS 


Input  Noise  vs.  Supply  Voltage 


4        6        8       10       12  14 
TOTAL  SUPPLY  VOLTAGE,  V*  TO  V-  (V) 


Supply  Current  vs.  Supply  Voltage 


Ta 

-25-C 

6        8       10       12  14 

TOTAL  SUPPLY  VOLTAGE.  V*  TO  V-  (V) 


Sampling  Frequency  vs.  Supply 
Voltage 


w5K 


25X 

6  8  10  12  14 
TOTAL  SUPPLY  VOLTAGE,  V.  TO  V-  (V) 


Input  Noise  vs.  Temperature 


—  V 

j.i5V 

Supply  Current  vs.  Temperature 


25  50  75  100  125 
TEMPERATURE  (X) 


Sampling  Frequency  vs. 
Temperature 


0  25  50  75  100  125 
TEMPERATURE  (X) 


1  1 

\ 

vs 

•  j5V 

-50 


0  25  50  75  100  125 
TEMPERATURE  (X) 
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TYPICAL  P€RFORMRNC€  CHARACTERISTICS 


Common  Mode  Input  Range  vs. 
Supply  Voltage 


Output  Voltage  Swing  vs.  Load 
Resistance,  ±  Supplies 


1  1 

1   1  1 

r.  TnGNn 

Vs- 

87 

-'' 

'h- 

5V 

v5- 

2.5V 

NEG/ 

TIVE 

SOT 

G 

 1  1  

POSITIVE  SWING 

o  1k 


Output  Voltage  Swing  vs.  Load 
Resistance,  Single  Supply 


SUPPLYVOLTAGEM 


2k3k4k5k6k7k8k9k10k 
LOAD  RESISTANCE  (£2) 


I 

_  vs= 

I 

16V 

V- 

fiLT 

3GN 

J 

Vs= 

ov 

Vs- 

5V 

o  1k 


2k  3k  ik  5k  6k  7k  8k 
LOAD  RESISTANCE^) 


9k  10k 


Overload  Recovery 


Gain/Phase  vs.  Frequency 


Transient  Response 


2CWW 

Av=-10O  RL=100K  CL=50pFVs=±5V 


50 
40 

CD 

1  30 

(3 

20 
10 

0 

-10 


\ 

\ 

_  Vs 
Ta 

fk 
CL= 

II 

=±5V 
■  25°C 
=  100K 
100pF 

mil 

\ 

\ 

FREQUENCY(Hz) 


1  I 


Av=+1  RL-100K  CL»50pF  Vs-t5V 


RPPUCRTIONS  INFORMATION 


Input  Characteristics 

The  LTC1250  uses  large  geometry  front  end  transistors  to 
reduce  intrinsic  noise  and  a  high-speed  zero-drift  nulling 
loop  to  nearly  eliminate  1/f  noise.  The  resultant  noise 
spectrum  is  low,  and  is  flat  below  10Hz,  giving  the 
LTC1250  a  substantial  noise  advantage  over  conventional 
op  amps  at  very  low  frequencies. 

The  large  input  transistors  have  an  input  capacitance  of 
60pF;  this  capacitance  reacts  with  the  feedback  resistor 
network  to  form  a  pole,  degrading  the  amplifier's  phase 
margin.  The  solution  is  a  100pF  feedback  capacitor  in 


parallel  with  the  feedback  resistor,  providing  a  corre- 
sponding input  zero  to  eliminate  the  problem.  Nearly  all 
LTC1250  applications  will  require  this  capacitor.For 

additional  information,  see  the  LTC1051  datasheet. 

Output  Drive 

The  LTC1250  includes  an  enhanced  output  stage  which 
provides  nearly  symmetrical  output  source/sink  currents. 
This  output  is  capable  of  swinging  ±4V  into  a  1 K  load  with 
±5V  supplies,  and  can  sink  or  source  >20mA  into  low 
impedance  loads.  Into  lighter  loads,  the  LTC1250  will 
swing  rail-to-rail,  maximizing  output  dynamic  range. 
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iMllii     C  TECHNOLOGY 


F€ATUR€S 

■  Steeper  rolloff  than  Bessel  filters 

■  High  speed  (fc  s  250kHz) 

■  Phase  and  Group  Delay  response  fully  tested 

■  Transient  response  exhibits  5%  overshoot  and  no 
ringing 

■  No  external  components  needed 


APPLICATIONS 

■  Data  communication  filters 

■  Time  delay  networks 

■  Phase  matched  filters 


INSCRIPTION 

The  LTC1 264-7  is  a  clock  tunable  monolithic  8th  order 
lowpass  filter  with  linear  passband  phase  and  flat  group 
delay.  The  amplitude  response  approximates  a  maxi- 


LTC1264-7 


Linear  Phase,  Group  Delay 
Equalized,  8th  Order 
Low  Pass  Filter 

MAY  1992 

mally  flat  passband  and  exhibits  steeper  rolloff  than  an 
equivalent  8th  order  Bessel  filter.  Forinstanceattwicethe 
cutoff  frequency  the  filter  attains  28dB  attenuation  (1 2dB 
for  Bessel),  while  at  3  times  the  cutoff  frequency  the  filter 
attains  55dB  attenuation  (30dB  for  Bessel).  The  cutoff 
frequency  of  the  LTC1 264  is  tuned  via  an  external  TTL  or 
CMOS  clock. 

The  clock  to  cutoff  frequency  ratio  of  the  LTC1 264-7  can 
be  set  to  25:1  (pin  10  to  V+)  or  50:1  (pin  10  to  V-). 

When  the  filter  operates  at  clock  to  cutoff  frequency  ratio 
of  25:1  the  input  is  double  sampled  to  lower  the  risk  of 
aliasing. 

The  LTC1 264-7  is  optimized  for  speed.  Depending  on  the 
operating  conditions,  cutoff  frequencies  between  200kHz 
and  250kHz  can  be  obtained. 

The  LTC1 264-7  is  pin  compatible  with  the  LTC1064-X 
series. 


TVPICAL  APPLICATION 


VIN- 


200kHz  Linear  Phase  Low 


4 

+8V- 

5 


LTC1 264-7 


pass  Filter 

14 


■-8V 

.  FCLK=4.5MHz 


NOTE:  THE  POWER  SUPPLIES  SHOULD  BE  BYPASSED  BY  A  0.1  pF  CAPACITOR 
CLOSE  TO  THE  PACKAGE  AND  ANY  PRINTED  CIRCUIT  BOARD  ASSEMBLY  SHOULD 
MAINTAIN  A  DISTANCE  OF  AT  LEAST  0.2  INCHES  BETWEEN  ANY  OUTPUT  OR 
INPUT  PIN  AND  THE  FCLK  LINE. 
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LTC1264-7 


ABSOLUTE  MAXIMUM  RATINGS 

Total  Supply  Voltage  (V+  to  V-)  16V 

Power  Dissipation  400mW 

Storage  Temperature  Range  -65°C  to  150°C 


Burn-in  Voltage  16V 

Operating  Temperature  Range  -40°C  to  85°C 

Voltage  at  Any  Input  [V  -  0.3V]  s  V|N  s  [V+  +  0.3V] 


PRCKRG€/ORD€R  INFORMATION 


r_  «= 

nc  LL 

7-  _. 

14]  OUT(C) 

VIN  [7 

lH  NC 

GND  |T 

H  v- 

V*  [7 

ill  FCLK 

GND  LI 

ijD  25/50 

LP(A)  Ll 

Tl  VOUT 

RIN(A)  LL" 

2  NC 

N  PACKAGE 
14  LEAD  PLASTIC  DIP 


ORDER  PART 
NUMBER 


LTC1264-7CN 
LTC1264-7CJ 
LTC1264-7MJ 


TOP  VIEW 


NCH 
VIN  LL 
GND 

v*  Lit- 

NC  Ll 
NC  Ll 

lp(a)  Ll 

RIN(A)  LI  | 


IU  OUT(C) 
DO  NC 
ill  V- 
U  NC 
H]  FCLK 
HI  25/50 
10]  NC 
T\  VOUT 


S  PACKAGE 
15- LEAD  PLASTIC  SOIC 


ORDER  PART 
NUMBER 


LTC1264-7CS 


€L€CTRICRL  CHARACT€RISTICS 

V$=±7.5Volts,  Rloai^IO1*.  Ta=25°C,  fclk=2.5MHz,  TTL  or  CMOS  Level  and  all  Gain  measurements  are  referenced  to  passband  Gain 
unless  otherwise  specified.  ;  


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

0.1  Hzsfs  0.25  fcutoff 
ftest=25kHz  (25:1) 

-0.50 

-0.10 

0.50 

dB 

Gain  at  0.5  fcutoff 

ftest=50kHz  (25:1) 
ftest=25kHz  (50:1) 

-0.50 
-0.65 

-0.15 

0.20 
0.30 

dB 
dB 

Gain  at  0.75  fcutoff 

ftest=75kHz  (25:1) 

-1.5 

-1.00 

0.1 

dB 

Gain  at  fcutoff 

ftest=100kHz(25:1) 
ftest=50kHz  (50:1) 

-3.7 
-4.5 

-3.00 
-3.00 

-1.9 
-2.3 

dB 
dB 

Gain  at  2.0  •  fcutoff 

ftest=200kHz(25:1) 
ftest=100kHz(50:1) 

-34 
-34 

-28 
-30 

-20 
-27 

dB 
dB 

Gain  with  fclk=20kHz 

ftest=200Hz  (50:1) 

-0.7 

-0.30 

0.1 

dB 

Gain  with  fclk=400kHz,  VS=±2.375V 

ftest=8kHz  (25:1) 
ftest=16kHz  (25:1) 

-0.2 
-3.5 

0.15 
-2.70 

0.5 
-1.4 

dB 
dB 

Gain  with  fclk=4MHz 

ftest=160kHz,  Vin=1VRMS 
25:1,TA  =  0-70°C 
25:1 

• 

0.00±1.0 

3.0 

dB 
dB 

Phase  Factor (F) 

Phase  =  180°-F(f/fc) 

(Notel) 

(0.1  Hzsfs  fcutoff) 

25:1 

50:1 

25:1 

50:1 

• 
• 

392 
374 

407±2 
388±2 

423 
414 

deg 
deg 
deg 
deg 

Phase  Deviation  from  Linear  Phase 
(Notel) 

25:1 
50:1 
25:1 
50:1 

• 
• 

±1.0 
±1.0 

±2.0 
±2.0 

% 
% 
% 
% 
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LTC1264-7 


€l€CTRICRl  CHARACTERISTICS 

Vs=±7.5VoIts,  RLOAD=10k,  TA=25°C,  fclk=2.5MHz,  TTL  or  CMOS  Level  and  all  Gain  measurements  are  referenced  to  passband  Gain 


CONDITIONS 

MIN 

TYP 

MAX 

1 IUITC 
UNI  1  o 

TD  =  (  1  /360)(F/fc) 
(Note  2) 

fc=100kHz  (25:1) 
fc=50kHz  (50:1) 
fc=100kHz  (25:1) 
fc=50kHz  (50:1) 

• 
• 

10.9 
20.8 

11.3 
21.6 

11.7 
22.9 

us 

MS 
US 
MS 

Group  Delay  Deviation 

(IMOte  C) 

25:1 
50:1 

±1.0 
±1.0 

% 
°L 

JO 

25:1 

• 

±2.0 

% 

OU.  1 

• 

±2.0 

% 

  ■ 

Innut  Frpnuencv  Ranae 

25:1 

DU.  I 

<fclk 
<fclk/2 

kHz 
kHz 

May  i  m  1 1  rn  frlk 

Vs=±2.375V 

VS=±5.0V 

VS=±7.5V 

1 

3 
5 

MHz 
MHz 
MHz 

Clock  Feedthrough  {fa  f c Ik  ) 

25:1 

200 

MVRMS 

Wideband  Noise  ( 1  Hz  *  f  sfclk ) 

VS=±2.375V 

VS=±5.0V 

Vs=±7.5V 

155±5% 
180±5% 
205±5% 

mVrms 

MVrms 
MVrms 

Inni  it  I  mr\aAirtf*a 

input  impeoance 

30 

50 

75 

Output  DC  Voltage  Swing 

Vs=±2.375V 
Vs=±5.0V 

• 

±1.0 

±2.3 

±2.0 

Volts 
Volts 

Vs=±7.5V 

• 

±3.8 

±3.0 

Volts 

Output  DC  Offset 

25:1,Vs=±5.0V 
50:1,Vs=±5.0V 

±100 
±100 

±220 
±220 

mV 
mV 

Output  DC  Offset  TempCo 

25:1.Vs=±5.0V 
50:1.Vs=±5.0V 

±200 
±200 

UW°C 
MV/°C 

Power  Supply  Current 

VS=±2.375V 

11 

mA 

(folk  =  1  MHz) 

VS=±5.0V 

• 

14 

22 

mA 
mA 

VS=±7.5V 

• 
« 

17 

26 
32 

mA 
mA 
mA 

Power  Supply  Range 

±2.375 

±8 

V 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Input  frequencies.f,  are  linearly  phaseshifted through  thefilteras  long 
asfsfc;  fc  =  cutoff  frequency. 

Figure  1  curve  (A)  shows  the  typical  phase  response  of  an  LTC1 264-7 
operating  at  fclk  =  2.5MHz,  fc  =  1 00kHz.  An  endpoint  straight  line,  curve  (B), 
depicts  the  ideal  linear  phase  response  of  the  filter.  It  is  described  by: 

phase  shift  =  180°- F(f/fc);fsfc  (1) 
F  is  arbitrarily  called  the  "phase  factor"  expressed  in  degrees.  The  phase  factor 
together  with  the  specified  deviation  from  the  ideal  straight  line  allows  the 
calculation  of  the  phase  at  a  given  frequency .  Note,  the  maximum  phase  non 
linearity,  figure  1 ,  occurs  at  the  vicinity  of  t  =  0.25  fc,  and  =  0.75  fc. 
Example:  The  phase  shift  at  70kHz  of  the  LTC1264-7  shown  in  figure  1  is: 

phase  shift  =  1 80°  -  407°  (70kHz  /  100kHz )  ±  non  linearity 
=  -104.9°  ±0.7%  or  -104.9°  ±.73° 
Note  2:  Group  Delay  and  Group  Delay  Deviation  are  calculated  from  the 
measured  Phase  Factor  and  Phase  Deviation  specifications. 


PHASE  RESPONSE  IN  THE  PASSBAND 
LTC1 264-7,  FCLK=2.5MHz,  RATI0=25:1 


40  50  60 
FREQUENCY (kHz) 

FIGURE  (1) 


100 
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LTC1264-7 


Gain  vs  Frequency 


1  10  100  1000 

FREQUENCY  (kHz) 


Transient  Response 
Input  =  10kHz,  ±3V,  fclk  -  2.5MHz 


10|lS/DIV 


Phase  Factor  vs  Fclk  (Typical  Unit) 
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VS.  17.5V 
RATIO  -25:1 


Phase  Factor  vs  Fclk  (Typical  Unit) 


1         2  3 
FCLK  (MHZ) 
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g  420 
|  410 
I  400 
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VS  .  t7.5V 
RATIO  =  50:1 
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s 

1  1 

FCLK  (MHZ) 


7(TC 

25"C 
IK 


Phase  Factor  vs  Fclk 
Min  and  Max  Representative  Units 


Phase  Factor  vs  Fclk 
Min  and  Max  Representative  Units 


.5       1.0      1.5       2.0      2.5  3.0 
FCLK(MHZ) 
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rrwm. 

mk\  TECHNOLOGY 


F€fiTUR€S 

■  Wide  Input  Voltage  Range  3.5V-30V 

■  Low  Quiescent  Current  — 7mA 

■  Internal  4A  Switch 

■  Very  Few  External  Parts  Required 

■  Self  Protected  Against  Overloads 

■  Shutdown  Mode  Draws  Only  100pA  Supply  Current 

■  Flyback  Regulated  Mode  Has  Fully  Floating  Outputs 

■  Comes  in  Standard  5-Pin  Package 

■  Can  Be  Externally  Synchronized  (See  LT1072  Data  Sheet) 

nppucnnons 

■  Boost  Converter 

■  High  Efficiency  Buck  Converter 

■  PC  Power  Supply  with  Multiple  Outputs 

■  Battery  Upconverter 

■  Negative  to  Positive  Converter 

USER  NOTE: 

This  data  sheet  is  only  intended  to  provide  specifications,  graphs,  and  a  general  Junctional 
description  otthe  LT1271.  Application  circuits  are  included  to  show  the  capability  of  the  LT1271. 
A  complete  design  manual  (AN-19)  should  be  obtained  to  assist  in  developing  new  designs.  This 
manual  contains  a  comprehensive  discussion  of  both  the  LT1070  and  the  external  components 
used  with  it.  as  well  as  complete  formulas  for  calculating  the  values  of  these  components.  The 
manual  can  also  be  used  for  the  LT1 271  by  factoring  in  the  higher  switch  current  rating  and  higher 
operating  frequency. 


PLk]l1[LDl^DK]/S\^\7 

 LT1271 

4A  High  Efficiency 
Switching  Regulator 

August  1991 

DCSCRIPTIOO 

The  LT1 271  is  a  monolithic  high  power  switching  regula- 
tor. Identical  to  the  popular  LT1070,  except  for  switching 
frequency  (60kHz)  and  slightly  lower  switch  current,  it  can 
be  operated  in  all  standard  switching  configurations  includ- 
ing buck,  boost,  flyback,  and  inverting.  A  high  current, 
high  efficiency  switch  is  included  on  the  die  along  with  all 
oscillator,  control,  and  protection  circuitry.  Integration  of 
all  functions  allows  the  LT1271  to  be  built  in  a  standard 
TO-220  power  package.  This  makes  it  extremely  easy  to 
use  and  provides  "bust  proof"  operation  similar  to  that 
obtained  with  3-pin  linear  regulators. 

The  LT1271  operates  with  supply  voltages  from  3.5V  to 
30V,  and  draws  only  7mA  quiescent  current.  By  utilizing 
current  mode  switching  techniques,  it  provides  excellent 
AC  and  DC  load  and  line  regulation. 

The  LT1271  uses  adaptive  anti-sat  switch  drive  to  allow 
very  wide  ranging  load  currents  with  no  loss  in  efficiency. 
An  externally  activated  shutdown  mode  reduces  total 
supply  current  to  1 0OpA  typical  for  standby  operation. 


High  Efficiency*  Buck  Converter 


V|„[8V-20V)  - 


GNO  VC 


.Juf 
-TAMT 


220|iF  - 
35V  " 


Efficiency  is  =88%  @  1A.  86%  @  2A 

FOR  (iPOWER  SHUTDOWN  OPTION,  CONSULT  FACTORY 
'THESE  COMPONENTS  RATED  CONSERVATIVELY  TO  IMPROVE 
EFFICIENCY  FOR  HIGH  EFFICIENCY  THE  INDUCTOR  SHOULD 
BE  MOLYPERMALLOY  OR  FERRITE, 


50MH,  5A* 


MBR735- 
2N3904 


1158  f 
4— ' 


1N4158 
"4 


5V 
3A 


.  1000„F 
•25V 


Maximum  Output  Power 
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/0  =  5V 
G) 

(1 

I        5        10       15       20       25  ! 
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BUCK  MODE  OUTPUT  POWER  -  (3  5A)(V0UT) 
t TRANSFORMER  TURNS  RATIO  MUST  BE 
OPTIMUM  TO  ACHIEVE  FULL  POWER 
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LT1271 


absolute  mnximum  RnnnGs     prckrgc/order  inFORmnnon 


Supply  Voltage  30V 

Switch  Output  Voltage  60V 

Feedback  Pin  Voltage  (Transient,  1ms)  ±15V 

Operating  Junction  Temperature  Range 

(Oper.)  0°C  to  +100°C 

(Short  Ckt.)  0°C  to  +125°C 

Storage  Temperature  Range  -65°Cto  +150°C 

Lead  Temperature  (Soldering,  10  sec.)  300°C 


o 


ORDER  PART 
NUMBER 


LT1271CT 


€L€CTRICRL  CHARACTERISTICS 


V|N  =  15V,  Vc  ■  0.5V,  VFB  =  VREF,  switch  pin  open,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VREF 

ncIclcMOc  VUlldyc 

Measured  at  Feedback  Pin 
vc  U.ov 

• 

1.224 
1.214 

1.244 
1.244 

1.264 
1.274 

w 

V 

V 

1 

■b 

Feedbsck  Input  Current 

Vfb  =  Vref 

350 

750 
1100 

nA 

nm 
yin 

Frrnr  Amnlif  ip  r 

L  1  1  U 1  rAI  1  1  \J  1 1 !  IC 1 

Transconductance 

Alc=±25viA 

• 

3000 
2400 

4400 

6000 
7000 

u.mho 

Error  Amplifier  Source  or 
Sink  Current 

Vc  =  1 .5V 

• 

150 
120 

200 

350 
400 

HA 
HA 

Error  AmplifierClamp 
Voltage 

Hi  Clamp,  VFB  =  1V 
Lo  Clamp,  VFB  =  1.5V 

1.8 

0.25 

0.38 

2.3 
0.52 

V 
V 

Reference  Voltage  Line 
Regulation 

3V<V|N<VMAX.VC  =  0.8V 

• 

0.03 

%/v 

Av 

Error  Amplifier  Voltage  Gain 

0.9V  <  Vc  <  1.4V 

500 

800 

v/v 

Minimum  Input  Voltage 

• 

2.8 

3.0 

V 

k 

Supply  Current 

3V<VIN<VMAX,VC  =  0.6V 

7 

10 

mA 

Control  Pin  Threshold 

Duty  Cycle  =  0 

• 

0.8 
0.6 

0.9 

1.08 
1.25 

V 
V 

Normal/Flyback  Threshold 
on  Feedback  Pin 

0.4 

0.45 

0.54 

V 

Vfb 

Flyback  Reference  Voltage 

Ifb  =  50nA 

• 

15 
14 

16.3 

17.6 
18 

V 
V 

Vfb 

Change  in  Flyback 
Reference  Voltage 

0.05  <  IFb  <  1mA 

4.5 

6.8 

8.5 

V 

Flyback  Reference  Voltage 
Line  Regulation 

Ifb  =  50nA 
3V<VIN<VMAX 

0.01 

0.03 

%/v 

Flyback  Amplifier 
Transconductance  (gm) 

ilc  =  ±10nA 

150 

300 

650 

p.mho 

Flyback  Amplifier  Source 
and  Sink  Current 

Vc  =  0.6V  Source 
lFB  =  50nA  Sink 

• 
• 

15 
25 

32 
40 

70 
70 

M.A 
M-A 

BV 

Output  Switch  Breakdown 
Voltage 

3V<VIN<VMAX 
lSw  =  5mA 

• 

60 

75 

V 

XTUESS 
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LT1271 


€l€CTRICAl  CHARACTERISTICS  V|N  =  15V,  Vc  =  0.5V,  VfB  =  VREF  switch  pin  open,  unless  otherwise  noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VsAT 

Output  Switch  (Note  1 ) 

Ul  I  ncolMdl 

• 

0.2 

0.33 

a 

Control  Voltage  to  Switch 

Pnrrpnt  Trancrnnrliintanrp 

UUI  I  Cf  1 1  MdMbOUIIULILiallLc 

6.4 

AN 

Ilim 

Switch  Current  Limit  (Note  2) 

Duty  Cycle  =  50% 
Duty  Cycle  =  80% 

• 
• 

4 

3.2 

8 
8 

A 
A 

Ah 

Supply  Current  Increase 
During  Switch  On-Time 

25 

40 

m/VA 

f 

Switching  Frequency 

• 

50 
50 

60 

70 
70 

kHz 
kHz 

DC  (max) 

Maximum  Switch  Duty  Cycle 

85 

92 

95 

% 

Flyback  Sense  Delay  Time 

1.5 

(IS 

Shutdown  Mode 
Supply  Current 

3V<V|N<VMAx.  VC  =  0.05V 

100 

400 

uA 

Shutdown  Mode 
Threshold  Voltage 

3V<V|N<Vmax 

• 

100 
50 

150 

250 
300 

mV 
mV 

The  •  denotes  the  specifications  which  apply  over  the  full  operating 
temperature  range. 

Note  1:  Measured  with  Vc  in  hi  clamp,  VFb  =  0.8V. 


Note  2:  For  duty  cycles  (DC)  between  50%  and  85%,  minimum  guaranteed 
switch  current  is  given  by  lUM  =  2.67  (2  -  DC)  for  the  LT1 271 . 


TVPICRL  PCRFORffinnCC  CHARACTERISTICS 

Switch  Current  Limit  vs  Duty  Cycle 


0    10    20  30    40    50   60   70   80   90  100 
DUTY  CYCLE  (%} 


Switch  Saturation  Voltage 


Tj 

=  25 

C 

12  3  4 

SWITCH  CURRENT  (A) 
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TECHNOLOGY 


LTC1291 


Single  Chip  1 2-Bit 
Data  Acquisition  System 

November  1991 


F€flTUR€S 

■  Built-in  Sample  and  Hold 

■  Single  Supply  5V  Operation 

■  Direct  3  Wire  Interface  to  most  MPU  Serial  Ports  and 
and  all  MPU  Parallel  Ports 

■  Two  Channel  Analog  Multiplexer 

■  Analog  Inputs  Common-Mode  to  Supply  Rails 


K€V  SPECIFICATIONS 


Resolution 

Fast  Conversion  Time 
Low  Supply  Currents 


12  Bits 

12|xS  Max  Over  Temp. 

6.0mA 


DESCRIPTION 

The  LTC1291  is  a  data  acquisition  system  which  contains 
a  serial  I/O  sucessive  approximation  A/D  converter.  It 
uses  LTCMOS™  switched  capacitor  technology  to  per- 
form a  12-bit  unipolar  A/D  conversion.  The  input  multi- 
plexer can  be  configured  for  either  single-ended  or  differ- 
ential inputs.  An  on-chip  sample  and  hold  is  included  on 
the  (+)  input.  When  the  LTC1291  is  idle  it  can  be  powered 
down  in  applications  where  low  power  consumption  is 
desired.  All  these  features  are  packaged  in  an  8-pin  DIP. 

The  serial  I/O  is  designed  to  communicate  without  exter- 
nal hardware  to  most  MPU  serial  ports  and  all  MPU 
parallel  I/O  ports  allowing  data  to  be  transmitted  over 
three  wires.  Given  the  accuracy,  ease  of  use  and  small 
package  size  this  device  is  well  suited  for  digitizing  analog 
signals  in  remote  applications  where  minimum  number  of 
interconnects  and  power  consumption  are  important. 

LTCMOS  is  a  trademark  of  Linear  Technology 


TYPICAL  APPLICATION 


2-Channel  12-Bit  Data  Aquisition 

22(iF 

TAKTALUM  t5V 

_i=hM 


2-CHANNEL 
MUX* 


cs 

VCC(VREF) 

CHO 

CLK 

LTC1291 

CH1 

DOUT 

GND 

DIN 

DO 


SCK 


MC68HC11 


MISO 


MOSI 


•  FOR  OVERVOLTAGE  PROTECTION  LIMIT  THE  INPUT  CURRENT  TO  1 5mA 
PER  PIN  OR  CLAMP  THE  INPUTS  TO  Vcc  AND  GND  WITH  1 N41 48  DIODES. 
CONVERSION  RESULTS  ARE  NOT  VALID  WHEN  THE  SELECTED  CHANNEL  OR 
THE  OTHER  CHANNEL  IS  OVERVOLTAGED  (VIN<  GND  OR  VIN  >  Vcc). 
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ABSOIUTC  MAXIMUM  RATINGS 

(Notes  1  and  2) 

Supply  Voltage  VCc  to  GND  12V 

Voltage 

Analog  Inputs  -0.3V  to  VCc+0.3V 

Digital  Inputs  -0.3V  to  12V 

Digital  Outputs  -0.3V  to  VCC+0.3V 

Power  Dissipation  500mW 

Operating  Temperature  Range 

LTC 1 29 1 BC, LTC1 291  CC.LTC  1 291  DC  0°C  to  70°C 

LTC1291BI,  LTC1291  CI .LTC1291  Dl  -40°C  to  85°C 

LTC1291  BM.LTC1291CM, 

LTC1291  DM  -55°C  to  125°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


PACKAGC/ORDCR  INFORMATION 


TOP  VIEW 

ORDER  PART 
NUMBER 

cs[7 
cho[T 

CH1[3 
GND  f_£ 

7]  VCC  (VREF) 
T\  CLK 

TJdout 

T]  DIN 

LTC1291BMJ 

Llul  CD  I  OIVI o 

LTC1291 DMJ 

LTC1291BIJ 

LTC1291CIJ 

LTC1291DIJ 

LTC1291BIN 

LTC1291CIN 

LTC1291DIN 

LTC1291 BCIM 

LTC1291CCN 

LTC1291DCN 

J8  PACKAGE  CERAMICDIP 
N8  PACKAGE  PLASTIC  DIP 

CONV€RT€R  AND  MULTIPl€X€R 

CHARACT€RISTICS(Note3)  LFOtNL^L 


PARAMETER 

CONDITIONS 

LTC1291B 
MIN     TYP  MAX 

LTC1291C 
MIN     TYP  MAX 

LTC1291D 
MIN       TYP  MAX 

UNITS 

Offset  Error 

(Note4) 

• 

±3.0 

±3.0 

±3.0 

LS8 

Linearity  Error  (INL) 

(Notes4and5) 

• 

±0.5 

±0.5 

±0.75 

LSB 

Gain  Error 

(Note4) 

• 

±0.5 

±1.0 

±4.0 

LSB 

Minimum  Resolutionfor 
Which  No  Missing  Codesare 
Guaranteed 

• 

12 

12 

12 

BITS 

Analog  and  REF I  nput  Range 

(Note  7) 

-0.05VtoVcc+ 0.05V 

-0.05VtoVcc+ 0.05V 

-0.05VtoVcc+0.05V 

V 

On  Channel  LeakageCurrent 
(NoteS) 

On  Channel =5V 
OffChanneUOV 

• 

±1 

±1 

±1 

PA 

On  Channel =0V 
OffChannel=5V 

• 

±1 

±1 

±1 

MA 

OffChannel  LeakageCurrent 
(Note  8) 

On  Channel =5V 
OffChannel =0V 

• 

±1 

±1 

±1 

MA 

On  Channel =0V 
OffChannel=5V 

• 

±1 

±1 

±1 

rrrnrn 


13-93 


LTC1291 


AC  CHflRDCT€RISTICS(Note3) 


LTC1291B 
LTC1291C 
LTC1291D 

QVMRM 

O  1  IVIDUL 

PARAMETER 

CONDITIONS 

MIN     TYP  MAX 

UNITS 

FcLK 

Clock  Freauencv 

Vrr=5V(Note6) 

0.1  1.0 

MHz 

tsMPL 

Analnn  InnntRamnlpTimfi 

SeeOpe rating  Sequence 

2.5 

CI  K 

Cycles 

tcONV 

ConversionTime 

See  Operating  Sequence 

12 

CLK 
Cycles 

tcYC 

Total  CycleTlme 

SeeOperating  Sequence  (Note6) 

18CLK+ 
500ns 

Cycles 

tdDO 

Delay  Time,  CLKl  to  Dout  Data  Valid 

SeeTest  Circuits 

• 

160  300 

ns 

tdis 

Delay  Time,CSttoDouTHi-Z 

SeeTest  Circuits 

• 

80  150 

ns 

ten 

Delay  Time,  CLKl  to  D0ut  Enabled 

SeeTestCircuits 

• 

80  200 

ns 

thDt 

HoldTime,D|NafterCLKf 

Vcc=5V(Note6) 

50 

ns 

thDO 

TimeOutputDataRemainsValidAfterCLKl 

130 

ns 

tf 

DourFallTime 

SeeTestCircuits 

• 

65  130 

ns 

V 

D0uTFIiseTime 

SeeTestCircuits 

• 

25  50 

ns 

tsuDI 

SetupTime,  DINStable  beforeCLKf 

Vcc=5V(Note6) 

50 

ns 

tsuCS 

SetupTime.CSj  Before  CLK  t 

Vcc=5V(Note6) 

50 

ns 

twHCS 

CS  HighTime  During  Conversion 

Vcc=5V(Note6) 

500 

ns 

twLCS 

CS  LowTlme  During  DataTransfer 

Vcc=5V(Note6) 

18 

CLK 
Cycles 

C|N 

Input  Capacitance 

Analog  InputsOnChannel 

100 

PF 

Analog  InputsOff  Channel 

5 

PF 

Digital  Inputs 

5 

PF 

Notel :  Absolute  Maximum  Ratingsarethose  values  beyond  whichthe  life 
of  adevice  may  be  impaired. 

Note2:Allvoltagevaluesare with  respectto  ground  (unless otherwise 
noted). 

Note  3:  VCc  =  5Vand  CLK = 1  .OM Hz  unless  otherwise  specified.  The  • 
indicates  specs  which  apply  overthe  full  operating  temperature  range;all 
other  limitsandtypicalsTA=25°C. 

Note4:  OneLSBisequaltoVccdividedby4096.  For  example,  whenVcc 
=5V,  1 LSB = 5V/4096= 1 .22mV. 

Note  5:  Linearity  error  is  specified  between  theactual  end  points  of  the  N 
D  transfer  curve.  The  deviation  is  measured  from  the  center  of  the 
quantization  band. 


Note6:Recommendedoperatingconditlons. 
Note7:Two  on-chip  diodesare  tied  to  each  analog  input  which  will 
conduct  for  analog  voltagesone  diode  drop  belowGND  or  one  diode  drop 
above  Vcc-  Be  careful  during  testing  at  low  Vcclevels  (4.5V),as  high  level 
analog  inputs  (5V)  can  cause  this  input  diodeto  conduct  especially  at 
elevated  temperature,  and  cause  errors  for  inputs  near  full  scale.  This 
spec  allows  50mVforwardbiasofeitherdiode.Thismeans  that  as  long 
as  the  analog  input  does  not  exceed  the  supply  voltage  by  more  than 
50m  V,  the  output  code  will  be  correct 

Note  8:  Channel  leakage  current  is  measured  afterthe  channel  selection. 
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DIGITAL  AND  DC  €L€CTRICRL  CHflRflCT€RISTICS(Note3)  FOO^L 


LTC1291B 
LTC1291C 
LTC1291D 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

VlH 

High  Level  Input  Voltage 

Vcc= 5.25V 

• 

2.0 

V 

V|L 

LowLevellnputVoltage 

VCC=4.75V 

• 

0.8 

V 

l|H 

High  Level  Input  Current 

V|N  =  VCC 

• 

2.5 

pA 

In 

LowLevellnputCurrent 

V,n  =  0V 

• 

-2.5 

pA 

V0H 

High  Level  Output  Voltage 

VCc=4.75V,l0  =  -10pA 
Vcc = 4.75V,  l0=-360uA 

• 

4.7 

2.4  4.0 

V 
pA 

Vol 

LOW  Level  UUipUL  VUlLdye 

Vcc = 4.75V,  l0  =  1.6mA 

• 

0.4 

W 
V 

fat 

High  Z  Output  Leakage 

V0uT=Vcc,CSHigh 
V0UT= OV.CS  High 

• 
• 

CO  CO 

pA 
pA 

ISOURCE 

Output  SourceCurrent 

V0ut=0V 

-20 

nV\ 

'sink 

OutputSinkCurrent 

Vout=VCc 

20 

mA 

Ice 

Positive  SupplyCurrent 

CSHigh 

• 

6  12 

rrA 

CSHigh 

Power 

Shutdown 

LTC1 291  BC.LTC1 291 CC, 
LTC1291DCLTC1291BI, 
LTC1291CI,LTC1291DI 

• 

5  10 

pA 

CLKOfl 

LTC1291BM,LTC1291CM, 
LTC1291DM 

• 

5  15 

PA 

PIN  FUNCTIONS 


# 

PIN 

FUNCTION 

DESCRIPTION 

1 

CS 

ChipSelectlnput 

A  logic  lowon  this  input  enablesthe  LTC1 291 . 

2,3 

CH0.CH1 

Analog  Inputs 

These  inputs  must  be  free  of  noise  with  respectto  GND. 

4 

GAD 

Analog  Ground 

GND  should  bctied  directlytoan  analogground  plane. 

5 

Din 

Digital  Data  Input 

Themultiplexeraddress  is  shifted  into  this  input. 

6 

DOUT 

Digital  DataOutput 

TheA/Dconversionresultisshlftedoutofthisoutput. 

7 

CLK 

ShiftClock 

Thisclocksynchronizesthe  serial  data  transfer. 

8 

Vcc(Vref) 

Positive  Supply  and 

Thispinprovidespowerand  defines  the  spanof  the  A/D  converter.  This  supply  must  be 

and  Reference  Voltage 

kept  free  of  noise  and  ripple  by  bypassing  directly  to  the  analog  ground  plane. 

APPLICATIONS  INFORMATION 

SERIAL  INTERFACE  ™  -|  r-|  q 

The  LTC1291  communicates  with  microprocessors  and 
other  external  circuitry  via  a  synchronous,  half  duplex, 
four  wire  serial  interface  (see  Operating  Sequence).  The 
clock  (CLK)  synchronizes  the  data  transfer  with  each  bit 
being  transmitted  on  the  falling  CLK  edge  and  captured  on 
the  rising  CLK  edge  in  both  transmitting  and  receiving 
systems. 


e — ^e- 


D0UT1 


DOUT2 


rruum 

^/  TECHNOLOGY 
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APPLICATIONS  INFORMATION 

The  input  data  is  first  received  and  then  the  A/D  conver- 
sion result  is  transmitted  (half  duplex).  Because  of  the  half 
duplex  operation  Din  and  Dout  may  be  tied  together 
allowing  transmission  over  just  3  wires:  CS,  CLK  and 
DATA  (Din/Dqut)-  Data  transfer  is  initiated  by  a  falling 
chip  select  (CS)  signal.  After  CS  falls  the  LTC1291  and 
starts  the  conversion.  After  one  null  bit,  the  result  of  the 
conversion  is  output  on  the  Dout  line-  At  the  end  of  the 
data  exchange  CS  should  be  brought  high.  This  resets  the 
LTC1291  in  preparation  for  the  next  data  exchange. 

INPUT  DATA  WORD 

The  LTC1291  four  bit  data  word  is  clocked  into  the  Din 
input  on  the  rising  edge  of  the  clock  after  chip  select  goes 
low  and  the  start  bit  has  been  recognizied.  Further  inputs 
on  the  Din  pin  are  then  ignored  until  the  next  CS  cycle.  The 
input  word  is  defined  as  follows: 


MSB  FIRST/ 
LSB  FIRST 


SGL/ 

ODD/ 

MSBF 

PS 

START 

DIFF 

SIGN 

MUX  ADDRESS  POWER 

SHUTDOWN 

START  BIT 

The  first  "logical  one"  clocked  into  the  Din  input  after  CS 
goes  low  is  the  start  bit.  The  start  bit  initiates  the  data 
transfer  and  all  leading  zeroes  which  precede  this  logical 
one  will  be  ignored.  After  the  start  bit  is  received  the 
remaining  bits  of  the  input  word  will  be  clocked  in.  Further 
inputs  on  the  D|N  pin  are  then  ignored  until  the  next  CS 
cycle. 

MUX  ADDRESS 

The  bits  of  the  input  word  following  the  START  BIT  assign 
the  MUX  configuration  for  the  requested  conversion.  For 
a  given  channel  selection,  the  converter  will  measure  the 
voltage  between  the  two  channels  indicated  by  the  +  and 
-  signs  in  the  selected  row  of  the  following  table.  In  single 


ended  mode,  all  input  channels  are  measured  with  respect 
to  GND.  Only  the  +  inputs  have  sample  and  holds.  Signals 
applied  at  the  -inputs  must  not  change  more  than  the 
required  accuracy  during  the  conversion. 


MULTIPLEXER  CHANNEL  SELECTION 


MUX  ADDRESS 

CHANNEL  # 

GND 

SGL/ 
DIFF 

ODD/ 
SIGN 

0 

1 

1 

0 

+ 

1 

1 

+ 

0 

0 

+ 

0 

1 

+ 

MSB  FIRST/LSB  FIRST  (MSBF) 

The  output  data  of  the  LTC1291  is  programmed  for  MSB 
first  or  LSB  first  sequence  using  the  MSBF  bit.  When  the 
MSBF  bit  is  a  logical  one,  data  will  appear  on  the  Dout  line 
in  MSB  first  format.  Logical  zereos  will  be  filled  in 
indefinitely  following  the  last  data  bit  to  accommodate 
longer  word  lengths  required  by  some  microprocessors. 
When  the  MSBF  bit  is  a  logical  zero,  LSB  first  data  will 
follow  the  normal  MSB  first  data  on  the  D0ut  line  (See 
operating  sequence). 

POWER  SHUTDOWN 

The  power  shutdown  feature  of  the  LTC1291  is  activated 
by  making  the  PS  bit  a  logical  zero.  If  CS  remains  low  after 
the  PS  bit  has  been  received,  a  12-bit  Dout  word  with  all 
logical  ones  will  be  shifted  out  followed  by  logical  zeroes 
till  CS  goes  high.  Then  the  D0ut  line  will  go  into  its  high 
impedance  state.  The  LTC1291  will  remain  in  the  shut- 
down mode  tell  the  next  CS  cycle.  There  is  no  warm  up  or 
wait  period  required  after  coming  out  ot  the  power  shut- 
down cycle  so  a  conversion  can  commence  after  CS  goes 
low  (See  power  shutdown  operating  sequence). 
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APPLICATIONS  INFORMATION 


Operating  Sequence 
(Example:  Differential  Inputs  (CH0+,  CH1-)) 


MSB  FIRST  DATA  (MSBF=1) 

h  


cs 


CLK 


OIN 


"1 

3 


nnnnnnnnnnnnnnnnnnnnnnnnnnnnnna 

START    ODD/  PS  


b  I  An  I  UUU/ 

sou n* 

Hl-Z  DIFF 


D0UT" 


FILLED  WITH  ZEROES 


LSB  FIRST  DATA  (MSBF=0) 

h  

cs   1^ 


CLK 


ZLnMJWiriJ¥LI¥in^^ 


START    ODD/  PS 
SIGN 


DOUT 


^  tC0NV  ^  FILLED  WITH  ZEROES 


13 


13-97 


LTC1291 


APPLICATIONS  INFORMATION 


Power  Shutdown  Operating ! 
(Example:  Differential  Inputs  (CH0+.CH1-)  and  MSB  First  Data) 


~L 


REQUEST  POWER  SHUTDOWN 


JsHUTOOWN-^ 


NEW  CONVERSION  BEGINS 


CLK 


ZLfifinnjiiuinJiMMJmfinii^ 


START    ODD/  PS 


SGL/ 
Hl-Z  DIFF 


DOUT" 


DATANOTVALID 


FILLED  WITH  <T 
ZEROES        |  3?" 


START  ODD/  PS 

J~U  L 

SGU  MSBF 
Hl-Z  DIFF 


*  Stopping  the  clock  will  help  reduce  power  consumption 
CS  can  be  brought  high  once  DIN  has  been  clocked  in 
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TECHNOLOGY 


FCHTURCS 

■  3V  Logic  Interface 

■  ESD  Protection  over  ±10kV 

■  Uses  Small  Capacitors  (0.1  nF,  0.2nF,  1.0(iF) 

■  One  Low  Power  Receiver  Remains  Active  while  in 
SHUTDOWN 

>  Pin  Compatible  with  LT1137  and  LT1237 

■  Operates  to  120kbaud 

■  CMOS  Comparable  Low  Power:  30mW 

■  Easy  PC  Layout  Flow  Through  Architecture 

■  Rugged  Bipolar  Design 

■  Outputs  Assume  a  High  Impedance  State  When 
Off  or  Powered  Down 

■  Absolutely  No  Latchup 

■  60mA  Supply  Current  in  SHUTDOWN 

■  Available  in  SO  Package 


APPLICATIONS 

■  Notebook  Computers 

■  Palmtop  Computers 


5V  RS232  Transceiver  with 
3V  Logic  Interface  and 
One  Receiver  Active  in  SHUTDOWN 

June,  1992 

DESCRIPTION 

The  LT1330  is  a  three  driver,  five  receiver  RS232  trans- 
ceiver with  low  supply  current.  Designed  to  interface  with 
new  3V  logic,  the  LT1330  operates  with  both  a  +5V  power 
supply  and  a  3V  logic  power  supply.  The  chip  may  be  shut 
down  to  micropower  operation  with  one  receiver  remain- 
ing active  to  monitor  RS232  inputs  such  as  ring  detect 
from  a  modem. 


The  LT1330  is  fully  compliant  with  all  EIA  RS232  specifi- 
cations. Additionally,  the  RS232  line  input  and  output  pins 
are  resilient  to  multiple  +/-10kV  ESD  strikes.  This  elimi- 
nates the  need  for  costly  transorbs  on  line  pins  for  the 
RS232  part. 

The  LT1330  operates  to  120  kilobaud  even  while  driving 
high  capacitive  loads.  During  shutdown,  driver  and 
receiver  outputs  are  at  a  high  impedance  state  allowing 
devices  to  be  paralleled. 





Typical  Application 


I .0|iF  ; 


"T"  SVVcc— {2 

~  *i    i  E» 

2x0.1|»F  -Lm 

DRIVER1  OUT  [7 
RX 1  INI? 

RX2  IN  fa 
RX3In[¥ 
RX  4  IN  Qo 
DRIVER  3  OUT  QT 
RX  5  IN  (LOW-Q)  |l2 
ONOFF 
♦3V- 


«N3  DETECT  ir 


SHUTDOWN  CONTROL  OUT 


XTL!(M> 
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HftSOlUTC  MAXIMUM  RATINGS 

(Note  1) 

Supply  Voltage  (Vcc)  6V 

Supply  Voltage  (+3  Vin)  6V 

V+   +13.2V 

V-  -13.2V 

Input  Voltage 

Driver  V+toV- 

Receiver  +30V  to  -30V 

Output  Voltage 

Driver  -55°C  to  125°C 

Receiver  0°C  to  70°C 

Short  Circuit  Duration 

V+  30s 

V-  30s 

Driver  Output  Indefinite 

Receiver  Output  Indefinite 

Operating  Temperature  Range 

LT1330I  -40°C  to  85°C 

LT1330C  0°Cto  70°C 

Storage  Temperature  Range  -65°C  to  150°C 

Lead  Temperature  (Soldering,  10  sec.)   300°C 


PACKAG€/ORD€R  INFORMATION 


H  v- 

C2+ 

2^  DRIVER  1  IN 
|3  RX  1  OUT 
2^  DRIVER  2  IN 
2^  RX  2  OUT 
2l]  RX  3 OUT 
RX4  OUT 
[9]    DRIVER  3  IN 

RX  5  OUT  (LOW-Q) 
17]  GND 

[£]    DRIVER  DISABLE 


ORDER  PART 
NUMBER 


LT1330IJ 
LT1330CJ 
LT1330CN 
LT1330CS 


€L€CTRICAL  CHARRCT€RISTICS    (Note  2) 


PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

PowerSupplyGenerator 

V+ Output 

8.6 

V 

V-Output 

-7.0 

V 

SupplyCurrent(Vcc) 

(Note  3) 

6  9 

mA 

SuppiyCurrent(+3V) 

(Note4) 

0.1  1 

mA 

SupplyCurrent  when  OFF(Vcc) 

SHUTDOWN  (Note  5) 
DRIVER  DISABLE 

• 

0.06  0.150 
3 

mA 
rrA 

SupplyRiseTime 
SHUTDOWN  toTurnOn 

C1=C2=0.2uF 
C+=1.0u.F,C-=0.1uf 

2 

0.2 

ms 
ms 

ON/OFFPinThresholds 

Input  LowLevel  (Device  SHUTDOWN) 
InputHigh  Level  (Device Enabled) 

1.4  0.8 
2.0  1.4 

V 
V 

ON/OFF  PinCurrent 

OV  sVqn/oFF  =5V 

-15  80 

uA 

DriverDisablePinThresholds 

Input  LowLevel  (Drivers  Enabled) 
Input  High  Level  (Drive rs  Disabled) 

1.4  0.8 
2.0  1.4 

V 
V 

DRIVER  DISABLEPinCurrent 

OV  sVDR|VER  DISABLE  *5V 

-10  500 

MA 
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€l€CTRICRL  CHARACT€RISTICS  (Note ; 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Any  Driver 

Output  Voltage  Swing 

I  nari  -  Tk  tn  RND  Pnsrtivp 

Negative 

• 

5.0 
-5.0 

7.3 
-6.5 

V 

V 

1   Anin  1  ri  ni  if  \  t  r\  Itin  A  1  AWaI 

Logic  input  voltage  Level 

Inn  i  it  I  nw  I  pup  I  {\fn.>>i —  Hinh\ 
lll|JUL  LUW  Level  ^v0UT=r"y"/ 

Input  High  Level  (V0ut=Low) 

W 

• 

2.0 

1.4 
1.4 

0.8 

V 

V 

Logic  Input  Current 

0.8V  sV,Ns2.0V 

• 

5 

20 

uA 

Output  Short  Circuit  Current 

V0ut  =  0V 

17 

Output  Leakage  Current 

SHUTDOWN  Vout  =  ±30V  (Note  5) 

• 

10 

100 

uA 

Slew  Rate 

RL=3k,CL=51pF 
RL=3k,CL=2500pF 

4 

15 
15 

30 

V/ns 
V/nS 

PropagationDelay 

Output  Transition  tnL  High  to  Low  (Note  6) 
Output  Transition  tLH  Lowto  High 

0.6 
0.5 

1.3 

1.3 

MS 
nS 

Any  Receiver 

InputVoltageThresholds 

input  Low  1  nresnoid  (Vout=  High) 
InputHighThreshold  (V0ut=Low) 

0.8 

1.3 
1.7 

2.4 

V 
V 

Hysteresis 

• 

0.1 

0.4 

1.0 

V 

InputResistance 

3 

5 

7 

kQ 

OuputLeakageCurrent 

SHUTDOWN  (Note)  0  s  V0UtsVCc 

• 

1 

10 

MA 

Receivers  1  Through  4 

OutputVoltage 

Output  Low,  Iout  =  -1  -6mA 

nutnnt  Uinh  1            1  CO, .  A  /  Din  1  A 

uuipui  nign,  iout   '  ou^a  (rin  14  =  ov) 

• 
• 

2.7 

0.2 
2.9 

0.4 

V 
V 

Output  Short  Circuit  Current 

Sinking  Current,V0UT=VCc 
Sourcing  Current,  Vout  ■  0V 

-10 
10 

-20 
20 

mA 
mA 

Propagation  Delay 

Output  Transition  tnL  High  to  Low  (Note  7) 
Output  Transition  tLH  Lowto  High 

250 
350 

600 
600 

nS 
nS 

Receiver  5  (LOW  Q-CURRENT  RX) 

OutputVoltage 

Output  Low,  Iqut  =  -500(iA 

Output  High,  I0Ut  = 160uA  (Pin  14  =  3V) 

• 
• 

2.7 

0.2 
2.9 

0.4 

V 
V 

Output  Short  Circuit  Current 

Sinking  Current,  V0ut  =  Vcc 
Sourcing  Current,  V0ut= 0V 

-2 
2 

-4 
4 

mA 
mA 

Propagation  Delay 

Output  Transition  tHL  High  to  Low  (Note  7) 
Output  Transition  tLH  Lowto  High 

1.0 
1.0 

3 
3 

US 
MS 

The  •denotesspecitications  which  apply  overtheoperatingtemperatu  re 

range.  (0°C  sTAs  70°  C  for  commercial  grade, -40°CsTA  s85°C  for 

industrial  grade,  and  -55°C  <;  TA  s  1 25°Cf  or  military  grade.) 

Note  1:  Absolute  Maximum  Ratings  are  those  values  beyond  which  the 

life  of  the  device  may  be  impaired. 

Note  2:  Testing  done  at  VCc  =  5V  and  VON/of f=3V. 

Note  3:  Supply  current  is  measured  as  the  average  over  sever  charge 

pump  burst  cycles.  C+=1  .Om-F,  C-=0.1  m.F,  C1  =C2=0.2nF.  All  outputs  are 

open,  with  all  driver  inputs  tied  high. 

Note  4:  +3V  supply  current  is  measured  with  all  receiver  outputs  low. 


Note  5:  Supply  current  measurements  in  SHUTDOWN  are  performed 
with  Von/off  s  0.1V.  Supply  current  measurements  using  DRIVER 
DISABLE  are  performed  with  Vdriver  disable  *  3V. 
Note  6:For  driver  delay  measurements,  RL  =  3k  and  CL  =  51  pF.  Trigger 
points  are  set  between  the  driver's  input  logic  threshold  and  the  output 
transition  to  the  zero  crossing.  (tni_  =  1  4V  to  0V  and  tLH  =  1 .4V  to  0V) 
Note  7:For  receiver  delay  measurements,  CL  =  51  pF.  Trigger  points  are 
set  between  the  receiver's  input  logic  threshold  and  the  outputtransition 
tostandardTTL/CMOS  logicthreshold.(tHL=1.3Vto2.4VandtLH=1  7V 
to  0.8V) 
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PIN  FUNCTIONS 

Vcc:  +5V  Input  supply  pin.  This  pin  should  be  decoupled 
with  a  0.1  uF  ceramic  capacitor. 

+3V  Input:  Logic  supply  pin  for  all  RS232  receivers.  Like 
Vcc,  tne  +3V  inPut  snould  De  decoupled  with  a  0.1  |iF 
ceramic  capacitor.  May  also  be  connected  to  +5V. 

GND:  Ground  Pin. 

On/Off:  TTL/CMOS  compatible  operating  mode  control.  A 
logic  low  puts  the  device  in  the  low  power  SHUTDOWN 
mode  with  all  drivers  and  four  receivers  in  a  high  imped- 
ance state.  A  logic  high  fully  enables  the  transceiver. 

DRIVER  DISABLE:  An  alternate  control  for  the  charge 
pump  and  RS232  drivers.  A  logic  high  on  this  pin  shuts 
down  the  charge  pump  and  places  all  drivers  in  a  high 
impedance  state.  All  receivers  remain  active  under  these 
conditions.  Floating  the  pin  or  forcing  a  logic  low  level 
fully  enables  the  transceiver. 

V+:  Positive  supply  output.  V+  -  2VCc  -  1 -5V.  This  pin 
requires  an  external  storage  capacitor,  C  *1 .0[iF,  tied  to 
ground  or  +5V.  Larger  value  capacitors  may  be  used  to 
reduce  supply  ripple.  The  ratio  of  the  capacitors  on  V+  and 
V-  should  be  greater  than  5  to  1. 

V-:  Negative  supply  output.  V-  -  -(2VCc-2.5V).  This  pin 
requires  an  external  storage  capacitor,  C  *  0.1  uF.  To 
reduce  supply  ripple,  increase  the  size  of  the  storage 
capacitor. 

C1+;C1-;C2+;C2-:  Commutating  capacitor  inputs  require 
two  external  capacitors,  C  *  0.2liF.  One  from  C1+  to  C1- 
and  another  from  C2+  to  C2-.  The  capacitor's  effective 
series  resistance  should  be  less  than  2Q.  For  C  *VF,  low 
ESR  tantalum  capacitors  work  well,  although  ceramic 
capacitors  may  be  used  with  a  minimal  reduction  in  charge 
pump  compliance. 

DRIVER  IN:  RS232  driver  input  pins.  These  inputs  are  TTL/ 
CMOS  compatible.  Unused  inputs  should  be  connected  to 

Vcc. 

DRIVER  OUT:  Driver  outputs  at  RS232  voltage  levels. 
Outputs  are  in  a  high  impedance  state  when  in  SHUT- 
DOWN mode,  VCc  =  0V,  or  when  the  driver  disable  pin  is 
active.  Outputs  are  fully  short  circuit  protected  for  Vout 


from  V-  +  30V  to  V+  -  30V.  Higher  voltages  will  not  damage 
the  device  if  the  overdrive  is  moderately  current  limited. 
Short  circuits  on  one  output  can  load  the  power  supply 
generator  and  may  disrupt  the  signal  levels  of  the  other 
outputs.  The  driver  outputs  are  protected  against  ESD  to 
±10kV  for  human  body  model  discharges. 

RX  IN:  Receiver  inputs.  These  pins  accept  RS232  level 
signals  (±30V)  into  a  protected  5kQ  terminating  resistor. 
The  receiver  inputs  are  protected  against  ESD  to  ±1  OkV  for 
human  body  model  discharges.  Each  receiver  provides 
0.4V  of  hysteresis  for  noise  immunity. 

RX  OUT:  Receiver  outputs  with  TTL/CMOS  voltage  levels. 
Outputs  are  in  a  high  impedance  stage  when  in  SHUT- 
DOWN mode  to  allow  data  line  sharing.  Outputs,  including 
LOW-Q  RXOUT,  are  fully  short  circuit  protected  to  ground 
or  Vcc  with  the  power  on,  off,  or  in  SHUTDOWN  mode. 

LOW  Q-CURRENT  RX  IN:  Low  power  receiver  input.  This 
special  receiver  remains  active  when  the  part  is  in  SHUT- 
DOWN mode,  consuming  typically  60liA.  This  receiver 
has  the  same  input  and  protection  characteristics  as  the 
other  receivers. 

LOW  Q-CURRENT  RX  OUT:  Low  power  receiver  output. 
This  pin  produces  the  same  TTL/CMOS  output  voltage 
levels  with  slightly  decreased  speed  and  drive  current. 


ESD  Test  Circuit 


RS232  Line  Pins 
Protected  to 
»/-10kV 


:0.1|lF 
'  0.2liFi 


DRIVER  1  OUTfJ 
RX  1  INfF 
DRIVER  2  OUT  fT 

RX2IN(7 
RX3IN[£ 
RX 4  INQO 
DRIVER  3  OUT  [ll 
RX5IN  (LOW-Q)  [12 
ON/OFF  R3 


o.i  pf: 


-0- 


DRIVER 1  IN 
|3  RX  1  OUT 
?3|  DRIVER  2  IN 
25]  RX  2  OUT 
21]  RX  3  OUT 
RX4  OUT 
■  rj]  DRIVER  3  IN 
Ll  RX  5  OUT(LOW-Q) 
fJ-iGND 

r5]  DRIVER  DISABLE 
LH 
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TECHNOLOGY    Differential  Bus  Transceiver 

September  1991 


F€ATUR€S 

■  Low  Power :  lcc=2.5mAtyp. 

■  Designed  for  RS485  or  RS422  applications. 

■  Single  +5V  supply. 

■  -7V  to  +1 2V  bus  common  mode  range 
permits  ±7V  ground  difference  between 
devices  on  the  bus. 

■  Thermal  shutdown  protection. 

■  Power  up/down  glitch  free  driver  outputs 
permit  live  insertion  or  removal  of  package. 

■  Driver  maintains  high  impedance  in 
Three-state  or  with  the  power  off. 

■  Combined  impedance  of  a  driver  output  and 
receiver  allows  up  to  32  transceivers  on  the 
bus. 

■  70  mV  typical  input  hysteresis. 

■  28  nS  typical  driver  propagation  delays 
with  5  nS  skew. 

■  Pin  compatiable  with  the  SN751 76A  and 
DS75176A. 

APPLICATIONS 

■  Low  Power  RS485/RS422  Transceiver 

■  Level  translator 


DCSCMPTION 

The  LTC1485  is  a  low  power  differential  bus/line 
transceiver  designed  for  multipoint  data 
transmission  standard  RS485  applications  with 
extended  common  mode  range  (+12V  to  -7V).  It  also 
meets  the  requirements  of  RS422. 

The  CMOS  design  offers  significant  power  savings 
over  its  bipolar  counterpart  without  sacrificing 
ruggedness  against  overload  or  ESD  damage. 

The  driver  and  receiver  feature  three-state  outputs, 
with  the  driver  outputs  maintaining  high  impedance 
over  the  entire  common  mode  range.  Excessive 
power  dissipation  caused  by  bus  contention  or  faults 
is  prevented  by  a  thermal  shutdown  circuit  which 
forces  the  driver  outputs  into  a  high  impedance  state. 

The  receiver  has  a  fail  safe  feature  which  guarantees 
a  high  output  state  when  the  inputs  are  left  open. 

Both  AC  and  DC  specifications  are  guaranteed  from 
0°C  to  70°C  and  4.75V  to  5.25V  supply  voltage  range. 


TYPICAL  APPLICATION 

DE 


DOOOG 

7         4000  FT  24  GAUGE  TWISTED  PAIR 


XTUDSffi 
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ABSOLUTE  MAXIMUM  RATINGS     PACKAG€/ORD€R  INFORMATION 

(Motel) 

Supply  Voltage  (Vcc)  12V 

Control  Input  Voltages  -0.5V  to  Vcc+0.5V 

Control  Input  Currents  -50mA  to  50mA 

Driver  Input  Voltages  -0.5V  to  Vcc+0.5V 

Driver  Input  Currents  -25mA  to  25mA 

Driver  Output  Voltages  ±14V 

Receiver  Input  Voltages  ±14V 

Receiver  Output  Voltages  -0.5V  to  Vcc+0.5V 


ORDER  PART 
NUMBER 


LTC1485CN8 
LTC1485CS8 
LTC1485IN8 
LTC1485IS8 


DC  CICCTRICAl  CHARACTERISTICS  vcc  =  5v±5%,o°c*Temp.*7o°c(Note2&3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN      TYP  MAX 

UNITS 

Vod1 

Differential  Driver  Output 
Voltage  (unloaded) 

lo  =  0 

5 

V 

Vod2 

Differential  Driver  Output 
Voltage  (with  load) 

R  =  50Q  ;(RS422) 

2 

V 

R  =  27  Q  ;  (RS  485);  Figurel 

1.5  5 

V 

AVnH 
AVOQ 

Change  in  Magnitude  of  Driver 
Differential  Output  Voltage  for 
Complementary  Output  States 

R  =  27Q  orR  =  50£2 
Figure  1 

0.2 

V 

Voc 

Driver  Common  Mode 
Output  Voltage 

3 

V 

AlVocI 

Change  in  Magnitude  of  Driver 
Common  Mode  Output  Voltage 
for  Complementary  Output  States 

0.2 

V 

Vih 

Input  High  Voltage 

Dl,  DE,  REB 

2.0 

V 

VP 

Input  Low  Voltage 

0.8 

V 

Iin1 

Inout  Current 

±2 

uA 

h2 

Input  Current  (A,  B) 

Vcc=0  or  5.25V 

Vin  =  12V 

+1.0 

mA 

Vin  =  -7V 

-0.8 

mA 

Vth 

Differential  Input  Threshold 
Voltage  for  Receiver 

-7VsVcms12V 

-0.2  +0.2 

V 

AVth 

Receiver  Input  Hysteresis 

Vcm  =  OV 

70 

mV 

Voh 

Receiver  Output  High  Voltage 

lo=-4mA,  Vid=+0.2V 

3.5 

V 

Vol 

Receiver  Output  Low  Voltage 

lo=+4mA,  Vid=-0.2V 

0.4 

V 

lozr 

Three-State  Output  Current 
at  Receiver 

Vcc  ■  Max. 
0.4VsVos2.4V 

±1 

uA 

Ice 

Supply  Current 

No  Load; 
DI=GND 
or  Vcc 

Outputs  Enabled 

2.7 

mA 

Outputs  Disabled 

2.5 

mA 

Rin 

Receiver  Input  Resistance 

-7VsVcms+12V 

12 

KQ 

losdl 

Driver  Short-Circuit  Current,  Vout=high 

-7VsVos+12V 

250 

mA 

losd2 

Driver  Short-Circuit  Current,  Vout=low 

-7VsVos+12V 

250 

mA 

losr 

Receiver  Short-Circuit  Current 

OVsVosVcc 

 . 

7  85 

mA 

loz 

Driver  Tri-State  Output  Current 

Vo  =  -7Vto12V 

±100 
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SWITCHING  CHflftnCTCRISTICS  vcc=5v±5%,o°c<TemP.<7o°c(Note2&3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN       TYP  MAX 

UNITS 

Driver  Input  to  Output 

Rdiff  =  54Q 

CL1    =           =  100PF 

(Figures  2&5) 

28 

nS 

PHL 

Driver  Input  to  Output 

28 

nS 

SKEW 

Driver  Output  to  Output 

nS 

tr.tt 

Driver  Rise  or  Fall  Time 

20 

nS 

{ZH 

unver  unauie  10  uuipui  niyn 

C  l  =  100  pr  (Figures  48.6)  S2  closed 

40 

nS 

l2L 

UMvcl  tndulc  10  UUipill  LOW 

v  L  =  iuu  pr  ^nguies  4&oj  oi  cioseo 

40 

nC 

no 

fLZ 

Driver  Disable  Time  from  Low 

C  l  =  1 5  pF  (Figures  48.6)  S1  closed 

40 

nS 

'hz 

Driver  Disable  Time  from  High 

C  l  =  15  pF  (Figures  48.6)  S2  closed 

40 

nS 

'pLH 

Receiver  Input  to  Output 

Rdiff  =  54fi 

CL1   =          =  100pF 
(Figures  2&7) 

25 

nS 

W 

Receiver  Input  to  Output 

25 

nS 

SKD 

rm~  tpHLl 

Differential  Receiver  Skew 

13 

nS 

'Z, 

Receiver  Enable  to  Output  Low 

C  L=  15pF  (Figures  38.8)  S1  closed 

20 

nS 

fZH 

Receiver  Enable  to  Output  High 

C  L=  15pF  (Figures  38.8)  S2  closed 

20 

nS 

LZ 

Receiver  Disable  from  Low 

C  L=  15pF  (Figures  38.8)  S1  closed 

20 

nS 

*HZ 

Receiver  Disable  from  High 

C  L=  15pF  (Figures  38.8)  S2  closed 

20 

nS 

Note  1  :  "Absolute  Maxim  urn  Ratings"  are  those  beyond  which  the  safety  of  the 
device  cannot  be  guaranteed. 

Note  2 :  All  currents  into  device  pins  are  positive ;  all  currents  out  of  device  pins 

are  negative.  All  voltages  are  referenced  to  device  ground  unless  otherwise 
specified. 

Note  3  :  All  typicals  are  given  for  Vcc  =  5  V  and  Temp.  =  25  °C. 
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PIN  FUNCTIONS 

PIN  #        NAME  DESCRIPTION 

1  RO  Receiver  output.  If  the  receiver  output  is  enabled  (REB  low),  then  if 

A>B  by  200mV,  R  will  be  high.  If  A  <  B  by  200mV,  then  R  will  be  low. 

2  REB  Receiver  output  enable.  A  low  enables  the  receiver  output,  R.  A  high 

input  forces  the  receiver  output  into  a  high  impedance  state. 

3  DE  Driver  outputs  enable.  A  high  on  DE  enables  the  driver  outputs,A  and  B. 

A  low  input  will  force  the  driver  outputs  into  a  high  impedance  state. 

4  Dl  Driver  input.  If  the  driver  ouputs  are  enabled  (DE  high),  then  a  low  on 

D  forces  the  driver  outputs  A  low  and  B  high.  A  high  on  D  will  force  A 
high  and  B  low. 

5  GND  Ground  Connection. 

6  A  Driver  output/ Receiver  input. 

7  B  Driver  output/  Receiver  input. 

8  Vcc  Positive  supply ;  4.75V  <Vcc<  5.25V 
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T€ST  CIRCUITS 


Y  O- 

i  I 


~  Figure  2.  Driver/Receiver  Timing  Test  Circuit 

Figure  1.  Driver  DC  Test  Load 


S1 


Figure  3.  Receiver  Timing  Test  Load  Figure  4.  Driver  Timing  Test  Load 
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SWITCHING  TIM€  WIWCFORMS 

INPUT 


Figure  8.  Receiver  Enable  and  Disable  Times 
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APPLICATIONS  INFORMATION 

TYPICAL  APPLICATION 

A  typical  connection  of  the  LTC1485  is  shown  in  Figure  1. 
Two  twisted  pair  wires  connect  up  to  32  driver/receiver 
pairs  for  half  duplex  data  transmission.  There  are  no 
restrictions  on  where  the  chips  are  connected  to  the  wires, 
and  it  isn't  necessary  to  have  the  chips  connected  at  the 
ends .  However,  the  wires  must  be  terminated  only  at  the 
ends  with  a  resistor  equal  to  their  characteristic  imped- 
ance, typically  120  Q.  The  input  impedance  of  a  receiver 
is  typically  20  kQ  to  GND,  or  0.6  unit  RS-485  load,  so  in 
practice  50  to  60  transceivers  can  be  connected  to  the 
same  wires.  The  optional  shields  around  the  twisted  pair 
help  reduce  unwanted  noise,  and  are  connected  to  GND  at 
one  end. 

THERMAL  SHUTDOWN 

The  LTC1485  has  a  thermal  shutdown  feature  which 
protects  the  part  from  excessive  power  dissipation.  If  the 
outputs  of  the  driver  are  accidently  shorted  to  a  power 
supply  or  low  impedance  source,  up  to  250  mA  can  flow 
through  the  part.  The  thermal  shutdown  circuit  disables 
the  driver  outputs  when  the  internal  temperature  reaches 


1 50  C  and  turns  them  back  on  when  the  temperature  cools 
to  130  C.  If  the  outputs  of  two  or  more  LTC1485  drivers 
are  shorted  directly,  the  driver  outputs  can  not  supply 
enough  current  to  activate  the  thermal  shutdown.  Thus, 
the  thermal  shutdown  circuit  will  not  prevent  contention 
faults  when  two  drivers  are  active  on  the  bus  at  the  same 
time. 

CABLES  AND  DATA  RATE 

The  transmission  line  of  choice  for  RS-485  applications 
is  a  twisted  pair.  There  are  coaxial  cables  (twinaxial) 
made  for  this  purpose  that  contain  straight  pairs,  but 
these  are  less  flexible,  more  bulky,  and  more  costly 
than  twisted  pairs.  Many  cable  manufacturers  offer  a 
broad  range  of  120  Q  cables  designed  for  RS-485 
applications. 

Losses  in  a  transmission  line  are  a  complex  combina- 
tion of  DC  conductor  loss,  AC  losses  (skin  effect), 
leakage,  and  AC  losses  in  the  dielectric.  In  good 
polyethylene  cables  such  as  the  Belden  9841,  the 
conductor  losses  and  dielectric  losses  are  of  the  same 
order  of  magnitude,  leading  to  relatively  low  over  all 
loss  ( Figure  2). 


Figure  1 .  Typical  Connection 
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10 


LU 


0.1 


0.1  1  10  100 

FREQUENCY  (  MHz ) 


Figure  2  Attenuation  -  vs  -  Frequency  For  Belden  9481 

When  using  low  loss  cables,  Figure  3  can  be  used  as  a 
guideline  for  choosing  the  maximum  line  length  for  a 
given  data  rate.  With  lower  quality  PVC  cables,  the 
dielectric  loss  factor  can  be  1000  times  worse.  PVC 
twisted  pairs  have  terrible  losses  at  high  data  rates  ( > 
100  kbs),  and  greatly  reduce  the  maximum  cable 
length.  At  low  data  rates  however,  they  are ; 
and  much  more  economical. 


10k 


100 


10k  100k  1M  2.5M  10M 

DATA  RATE  (  bps  ) 
Figure  3  Cable  Length  -  vs  -  Data  Rate 


CABLE  TERMINATION 

The  proper  termination  of  the  cable  is  very  important. 
If  the  cable  is  not  terminated  with  it's  characteristic 
impedance,  distorted  waveforms  will  result.  In  severe 
cases,  distorted  (false)  data  and  nulls  will  occur.  A 
quick  look  at  the  output  of  the  driver  will  tell  how  well 
the  cable  is  terminated.  It  is  best  to  look  at  a  driver 
connected  to  the  end  of  the  cable,  since  this  eliminates 
the  possibility  of  getting  reflections  from  two  direc- 
tions. Simply  look  at  the  driver  output  while  transmit- 
ting square  wave  data.  If  the  cable  is  terminated 
properly,  the  waveform  will  look  like  a  square  wave 
(Figure  4). 


Rt=120£2 


RL470Q 


Figure  4  Termination  Effects 

If  the  cable  is  loaded  excessively  (47  Q),  the  signalinitially 
sees  the  surge  impedance  of  the  cable  and  jumps  to  an 
initial  amplitude.  The  signal  travels  down  the  cable  and 
is  reflected  back  out  of  phase  because  of  the 
mistermination.  When  the  reflected  signal  returns  to  the 
driver,  the  amplitude  will  be  lowered.  The  width  of  the 
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pedestal  is  equal  to  twice  the  electrical  length  of  the  cable 
( about  1 .5  ns  /  foot) .  If  the  cable  is  lightly  loaded  (470 
Q),  the  signal  reflects  in  phase  and  increases  the  ampli- 
tude at  the  driver  output.  An  input  frequency  of  30  kHz  is 
adequate  for  tests  out  to  4000  ft.  of  cable. 

AC  CABLE  TERMINATION 

Cable  termination  resistors  are  necessary  to  prevent 
unwanted  reflections,  but  they  consume  power.  The 
typical  differential  output  voltage  of  the  driveris  2V  when 
the  cable  is  terminated  with  two  1 20  Q  resistors,  causing 
33  mA  of  DC  current  to  flow  in  the  cable  when  no  data  is 
being  sent.  This  DC  currentisaboutlOtimesgreaterthan 
the  supply  current  of  the  LTC1 485.  One  way  to  eliminate 
the  unwanted  current  is  by  AC  coupling  the  termination 
resistors  as  shown  in  Figure  5. 


C«  Line  Length  (ft)  x  16.3  pF 


Figure  5  AC  Coupled  Termination 

The  coupling  capacitor  must  allow  high-frequency  energy 
to  flow  to  the  termination,  but  block  DC  and  low  frequen- 
cies. The  dividing  line  between  high  and  low  frequency 
depends  on  the  length  of  the  cable.  The  coupling  capaci- 
tor must  pass  frequencies  above  the  point  where  the  line 
represents  an  electrical  one-tenth  wavelength.  The  value 
of  the  coupling  capacitor  should  therefore  be  set  at  16.3 
pF  per  foot  of  cable  length  for  120  Q  cables.  With  the 
coupling  capacitors  in  place,  power  is  consumed  only  on 
the  signal  edges,  and  not  when  the  driver  output  is  idling 
at  a  1  or  0  state.  A 100  nF  capacitor  is  adequate  for  lines 
up  to  4000 '  in  length.  Be  aware  that  the  power  savings 
start  to  decrease  once  the  data  rate  surpasses  1/(1 20  Q 
xC). 

RECEIVER  OPEN-CIRCUIT  FAIL-SAFE 

Some  data  encoding  schemes  require  that  the  output  of 
the  receiver  maintains  a  known  state  (usually  a  logic  1) 
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when  the  data  is  finished  transmitting  and  all  drivers  on 
the  line  are  forced  into  tri-state.  The  receiver  of  the 
LTC1485  has  a  fail-safe  feature  which  guarantees  the 
output  to  be  in  a  logic  1  state  when  the  receiver  inputs  are 
left  floating  (open-circuit ).  However,  when  the  cable  is 
terminated  with  120  Q,  the  differential  inputs  to  the 
receiver  are  shorted  together,  not  left  floating.  Because 
the  receiver  has  about  70  mV  of  hysteresis,  the  receiver 
output  will  maintain  the  last  data  bit  received. 

If  the  receiver  output  must  be  forced  to  a  known  state, 
the  circuits  of  Figure.  6  can  be  used. 


+  5v 


Figure  6.  Forcing  '0'  When  All  Drivers  Are  Off 


LTC1485 


APPLICATIONS  INFORMATION 

The  termination  resistors  are  used  to  generate  a  DC  bias 
which  forces  the  receiver  output  to  a  known  state,  in  this 
case  a  logic  0  .The  first  method  consumes  about  208  mW 
and  the  second  about  8  mW.  The  lowest  power  solution 
is  to  use  an  AC  termination  with  a  pull-up  resistor.  Simply 
swap  the  receiver  inputs  for  data  protocols  ending  in 
logic  1. 

FAULT  PROTECTION 

All  of  LTC's  RS-485  products  are  protected  against  ESD 
transients  up  to  2  kV  using  the  human  body  model  (100 
pF,1 .5  kQ).  However,  some  applications  need  more 
protection.  The  best  protection  method  is  to  connect  a 
bidirectional  TransZorb  from  each  line  side  pin  to  ground 
(Figure  7). 


A  TransZorb  is  a  silicon  transient  voltage  suppressorthat 
has  exceptional  surge  handling  capabilities,  fast  response 
time,  and  low  series  resistance.  They  are  available  from 
General  Semiconductor  Industries  and  come  in  a  variety 
of  breakdown  voltages  and  prices.  Be  sure  to  pick  a 
breakdown  voltage  higher  than  the  common  mode  volt- 
age required  for  your  application  ( typically  12  V).  Also, 
don't  forget  to  check  how  much  the  added  parasitic 
capacitance  will  load  down  the  bus. 


Figure  7.  ESD  Protection  With  TransZorbs 
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1 1  /  \lf     PACKAGE  CROSS  REFERENCE 
TECHNOLOGY 


LTC 

NSC 

SIG 

MOT 

Tl 

SG 

RAYTH 

PMI 

MAXIM 

□  w 

Plastic  DIP 
8  Lead 

N-8 

N 

N-8 

N 

P1 

P 

M 

P,  NB 

P 

PA 

LID  WW? 

Plastic  DIP 
14  ir  ir  ?o 
24,  and  28  Lead 

N 

N 
N-14 

N 

P2 

N 

NE 
NG 

N 

P,  N 

P 

PD,  PE, 
PN,  PP,  PG,  PI 

f 

TO-220 
3  Lead 

T 

T 

- 

T 

KC 

P 

- 

- 

AR 

i 

(Optional) 

ft 

TO-220 
5  Lead 

T 

T 

KV 

P 

TO-220 
7  Lead 

Y 

yyy 

Plastic  DD 
3  Lead 

M 

q 

uuuuu 

Plastic  DD 

0 

1 

Plastic  DD 
7  Lead 

R 

Side  Brazed  Hermetic  DIP 
8  Lead 

D-8 

D 

I 

L 

- 

- 

- 

- 

DA 

Side  Brazed  Hermetic  DIP 
14. 16, 18and  20  Lead 

D 

D 

I 

L 

- 

- 

- 

VE 
QB 
XB 

DD.DE, 
DN,  DP 

i 

TO-92 
3  Lead 

Z 

Z 

— 

P 

LP 

— 

— 

ZR 

H  ® 

T0-5,  TO-39,  TO-96, 
T0-99,  TO-100andTO-101 

H 

H 

G 
H 

T 

T 

H 

H 
J 
K 

VR,  TA, 
TB 

□  w 

Ceramic  DIP 
8  Lead 

J-8 

J 

J-8 

F 

U 

JG 

Y 

DE 

Z 

JA 

Ceramic  DIP 
14,16,18,  20, 
24,  and  28  Lead 

J 

J 

J-14 

F 

L 

J 

J 

DB 
DC 
J 

Y 

Q 
X 

JD,  JE,  JN, 
JP.  JG,  Jl 
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LTC 

NSC 

SIG 

MOT 

Tl 

SG 

RAYTH 

PMI 

MAXIM 

1     1  6 

s  "  9 

TO-3  (Steel) 
2  Lead 

K 

K 
Steel 

K 

K 

KR 

I  * 

(Aluminum) 

K 

- 

K 

- 

— 

- 

KR 

TO-3 
4  Lead 

K 

K 

KJ 

K 

QOD  ^ 

TO-46 
2,  3,  4  Lead 
TO -52 
3  Lead 

H 

H 

T 

SR 

1 

T0-3P 
3  Lead 

P 

□  ra 

Plastic  SO 
8  Lead 

S-8 

M 

D 

D 

D 

— 

— 

— 

SA 

Plastic  SO 
14, 16  Lead 

C 

o 

u 

Ivl 

n 
u 

n 
u 

D 

SE 

□  QSQOB  n 
0  D  H  0  0  H  a 

^  dnnnnnini) 

Plastic  SOL 

16, 18, 20, 24,  28  Lead 

s 

M 

D 

D 

D 

WE,  WN, 

WD  lA/f 

Wr,  Wr, 

WG.WI 

10LeadCerpac 

w 

W 

H 

F 

W 

F 

RC 

SOT-223 
3  Lead 

ST 

PROPRIETARY  DEVICE 
PREFIXES 

LT 
LTC 

LF  LP 
LH  MF 

LH 

NE 

SE 

MC 

TL 

SG 

RM 
RC 

OP 
REF 
CMP 

MAX 
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PACKAGE  DIMENSIONS 


D  Package 
8-Lead  Sidebrazed 


0.110 

(2.794) 
REF 


PIN  NO.  1 
IDENT 


0.520 
(13.208) 
MAX 


LU  LU  LU  W 


0.298 
(7.569) 
MAX 


D  Package 
14-Lead  Sidebrazed 

,    0.760 

(19.30) 


0.008-0.015 

(0.203-0.381)  1 

0.300 
(7.620) 
REF 


(0.381  -  0.584) 
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PACKAGE  DIMENSIONS 


D  Package 
16-Lead  Sidebrazed 


PIN  NO.  1  _j 
IDENT 

0.840 

0  080  (21.336) 
MAX 

I 

t 

0.295  ±0.010 
(7.493  i  0.254) 

I 

0.008-0.015 

(0.203-0.381) 

L  ojoo  J 

^  (7.620) 
REF 


0.125 
(3.175) 
MIN 


0.100  II 
"  (2-540)   Q.Q14 -0.023  ^2  ||  r~ 
BSC  (0.356-0.584) 


0.040  -  0.060 
(1.016-1.524) 


D  Package 
18-Lead  Sidebrazed 


0910 
(23.114) 
1        0.050  ±0.010  MAX 
|        (1.270  ±0.254) 

I 

\  -_  —  j. 

t 

0.298 
(7.569 
MAX 

\ 

0.008-0.015 
(0.203-0.381) 

  0.300   

(7.620) 
REF 


0.125 
(3.175) 
MIN 


0.054 
(1.372) 
TYP 


(0.381  -0.584) 
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PACKAGE  DIMENSIONS 


D  Package 
20-Lead  Sidebrazed 


0.050  ±0.010  (2^v4) 
(1.270  ±0.254) 

i 

t 

0.298 
(7.569 
MAX 

1 

0.008  - 

0.015 

r    (0.203  - 

0.381) 

.  0.300 


(7.620) 
REF 


0.100*0.010 


0.125    L  J 

(3l75)  (2.540  ±0.254) 

MM 


0015-0.023 


(0.381  -0.584) 


0.054 
'  (1.372) 
TYP 


H  Package 
8-Lead  TO-5  Metal  Can 


H 

10-Lead  TO-5 


Can 


SEATING  

PLANE  i 


(2.794  -  4.064) 
INSULATING 

STANDOFF  N0TE:  LEAD  DIAMETER  IS  UNCONTROLLED  BETWEEN 

THE  REFERENCE  PLANE  AND  SEATING  PLANE. 


(2.794  -4.064) 
INSULATING 
STANDOFF 


NOTE: 

1.  LEAD  DIAMETER  IS  UNCONTROLLED  BETWEEN 
THE  REFERENCE  PLANE  AND  SEATING  PLANE. 


V 


14-7 


PACKAGE  DIMENSIONS 


H  Package 
3-Lead  TO-39  Metal  Can 


H  Package 
4-Lead  TO-39  Metal  Can 


H  Package 
2-Lead  and  3-Lead  TO-46  Metal  Can 


H  Package 
4-Lead  TO-46  Metal  Can 


H  Package 
3-Lead  TO-52  Metal  Can 


(5.309-5.537) 


0.015 
nM0  (0.381) 
(12.70)  MAX 
WIN  1 


0.016-0.019 
(0  406  -  0  483! 


0  085-0  105 
(2.161  -  2.669) 


0.025 
(0  635) 
MAX 


(5.309-5.563) 


0.500 


0.015 
(0  381) 
(12.70)  MAX 
MIN 
J_ 


i_ 


-0  0,0 

.019 


0.025 
(0.635) 
MAX 


(0.406-0.483) 
DIA* 


(5.309-5.842) 


0.500 
(12.70) 


0.015 
(0.381) 
MAX 
i 


nnnf 
 0  0,0 

-0019  / 


(4.521  -4.953) 


(2  921-3.810) 


0.016 
(0.406  -  0.483) 
DIA* 


0.030 
(0.762) 
MAX 


(0.406-0.610) 
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PACKAGE  DIMENSIONS 


0.290  -  0.320 


(9.779  ±  0.635) 


8-Lead  Cerdip 


(0.127) 
MIN 


0.405 


(0.635) 
RAD  TYP 


0  055 
(1.397)  " 
MAX 


(10.287) 

L«-  MAX 

m  m  rm  m 

t 

0.220-0.310 

(5.588-7.874) 

I 

0.200 
(5.080) 
MAX 


(0.965-1.727) 

0.014-0026 
(0.360  -  0.660) 


V/ 

0.015-0.060 
(0.381  -1.524) 


0.100  ±0.010 
(2.540 1 0.254) 


0.125 
3.175 
MIN 


J  Package 
14-Lead  Cerdip 


0.290-0.320 


(7.366-8.128) 


0.008-0.018 
(0.203-0.460) 

0.385  ±  0.025 


(9.779  i  0.635) 


(0.127) 
MIN 


(19.939) 
MAX 


I*" 

,  m  h  re  re  re  m  m . 


(0.635) 
RAD  TYP 


(2.489) 
MAX 


5 


0.220-0.310 
(5.588-7.874) 


U  LiJ  L§J  LtJ  LiJ  LeJ  LiJ 


(5.080) 
MAX 


0.038-0.068 
(0  965  - 1 .727)  ~ 


(0.381  -1.524) 

 i  


0.1001  0.010 
"(2.540  ±0.254) 


0.014-0.0 


0.125 
(3~175) 
MIN 


(0.360  -  0.660) 
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PACKAGE  DIMENSIONS 


16-Lead  Cerdip 


(0.127) 
MIN 


(21.336) 
MAX 


(0.635) 
RAD  TYP 


A 


t 

0.220-0.310 
(5.588-7.874) 


(9.779  ±  0.635) 


(4.064) 
MAX 


(0.380-1.520) 

i  


0.125 
(3.175) 


0.080 
(2.030) 

0.100  ±0.010 
(2.540  ±  0.254) " 


0.200 
(5.080) 


(0.965-1.727) 

0.014-0.026 
"(0.360-0.660) 


J  Package 
18-Lead  Cerdip 


0.005 
(0.127) 
Ml* 


(24.384) 
MAX 


RAO  TYP 


0.220-0.310 
(5.590-7.870) 


*  (7.36 

6-t 

.128) 

I  I 

f 

0.008 

-0.018 

(0.203 

-0.460) 

(9.779  ±  0.635) 


(4.064) 
MAX 


(0.380-1.520) 

i  


0.200 
(5.080) 
MAX 


(3.175) 
MIN 


0.098 
(2.490) 
MAX 
0.100  ±0.010 


(2.540  ±  0.254) 


(0.965-1.727) 

0.014-0.026 
(0.360-0.660) 
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PACKAGE  DIMENSIONS 


J  Package 
20-Lead  Cerdip 


0.290-0.320 


0.160 


0.005 
"  (0.127) 
MIN 


(7.366-8.128) 


^  0.008-0.018 

(0.203-0.457) 

0.385  ±0.025 


(9.779  ±  0.635) 


•-15°  I 


0.125 
(3.175) 
MIN 


J  Package 
24-Lead  Cerdip 


1.290 
(32.77) 


H  [a]  R  [zi]  M  N  I  >1  RtI  Rel  \k]  fi7|  pt3~| 


"    (7.366-8.128)  ' 

95°  f  5° 

0.008-0.012  _ 
(0.203  -  0.305) 

0.310-0.410 
"(7.874-10.41) 


0.180 
(4.572) 
MAX 

ir 

0.020-0.070 
(0.508-1.778) 

A  i 


0.225 
(5.715) 
MAX 


0.125 
(3.175) 
MIN 


0.095 
"  (2.413)  ■** 
MAX 


0.060  ±  0.005 
(1.524  ±0.127) 

TYP 
0.018  ±0.003 


0.100  ±0.010 


(2.540  ±  0.254) 


7 


-94° 
,TYP 


(0.457  ±  0.076) 
TYP 
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PACKAGE  DIMENSIONS 


J  Package 
28-Lead  Cerdip 


1  490 

'  (37  85)  ' 
MAX 


RADTYP  \l 
0.514-0.526  =0 
(13.05-13.36) 


(14.9< 

-1575) 

(0.203  -  0.305) 


0.685 


.  +0.025 


-0.060 


K  Package 
2-LeadT0-3 


Can 


0.320  -  0.350 
(8.13-8.89) 


(10.6 


(19.30-19.69) 


0.060- 
(1-524- 


3.429) 


0  038-0.043 
^~  (0.965-1.09) 


0.320  -  0.350 


0.420  -  0.480 
(10.67-12.19) 

A  


K  Package 
4-Lead  T0-3  Metal  Can 


(19.30-19.69) 


1 
1 


0.060  -  0.135 
(1.524-3.429) 


0.038-0.043 
^~  (0.965-1.09) 
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PACKAGE  DIMENSIONS 


N  Package 


0.400 

(10.160) 

MAX 

si  m  m  u 

) 

t 

0.250  ±0.010 

(6.350  ±  0.254) 

1 

LlJ  lil  H  0 


_  0.300-0.320  _ 
(7.620-8.128) 


0.009  -  0.015 
(0.229  -  0.381) 

r.  ™  +0.025 
|„      0  325  -0.01 5 

8255 -olsi 


(2.540  ±  0.254) 


N  Package 
14-Lead  Molded  DIP 


0.300 

-  0.325 

(7.620 

-8.255) 

0.009 

-0.015  , 

(0.229 

-0.381) 

0.325 


t0.025 
-0.015 


0.770 


(19.558) 
MAX 


(2.540  ±  0.254) 
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PACKAGE  DIMENSIONS 


0.300-0.325 


(7.620-8.255) 


U- 


(0.229-0.381) 
.  „„  +0.025 


0.130  ±0.005 


-wwwnnminTyw 

0.045-0.065 


0.015  _ 
(0.381  | 


(2.540 ± 0.254) 


N  Package 
18-Lead  Molded  DIP 


0.300-0.325 


(7.620-8.255) 


0.009-0.015 
(0.229-0.381) 

0  325t0°25 
u-i"-0  015 


t 

0.2601 0.010 
(6.604  ±  0.254) 

l  


(22.860) 
MAX 


MMMMMMMMM 


0.130  ±0.005  0.045-0.065 


(3  302  ±0.1 27) 


(1.143-1.651) 


0.015  _ 
(0.381  )~^r  j 


0.125 


r 


(1.143  ±0.381) 
0.100.0010 


(2.540  1 0.254) 


(1.651) 
TYP 


14-14 


PACKAGE  DIMENSIONS 


_  0.300  -  0  325  _ 
(7.620  -  8.255) 


0.009-0.015  J . 
(0.229-0.381) 


+0.6351 
-0.381 


N  Package 
20-Lead  Molded  DIP 


0.130  ±  0.005  0.045  -  0  065 


(3.302  ±0.127) 


(1.143-1.651) 


0.015 
(0.381) 


mm 


0.125 
(3.175) 


(1.651  ±0.381) 
0.100  ±0.010 


(2.540  ±  0.254) 


N  Package 
24-Lead  Molded  DIP 


1.265 
(32.131) 


0.260  ±0.010 
(6.604  ±  0.254) 


(2.540  ±  0.254) 


xtto/ss 
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PACKAGE  DIMENSIONS 


N  Package 
28-Lead  Molded  DIP 


1.455 
(36.957) 
MAX 


SO  Package 
8-Lead  Small  Outline 


1 


0.010-0.020 
(0.254-  0.508)  * 


0.008-0.010 
(0.203-0.254) 


o 

0.016-0  050  _  + 
0.406-1. 270  ^ 


(0.355  -  0.483) 


L-  L  .I  ^ 

r      \-     *\  (1.270) 


(1.270) 
BSC 
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PACKAGE  DIMENSIONS 


SO  Package 
14-Lead  Small  Outline 


(8.560-8.738) 
14       13       12       11  10 

"R  R  R  R  R  R  R 


1         2        3        4        5        6  7 


0.010-0.020 
(0.254  -  0.508) 


(1.346 


fc 


(0.203-0.254) 


0.406-1.270 


(0.355-0.483) 


(1.270) 
TYP 


SO  Package 
16-Lead  Small  Outline 


0.228-0.244 
(5.791  -6.197) 


(9.804-10.008) 
16       15       14       13      12       11       10  9 

R  R  R  R  R  R  R  R 


1         2        3       4        5        6        7  8 


0.150-0.157 
(3.810-3.988) 


0.010-0.020 
(0.254  -  0.508) 


0.053-0.069 
(1.346-1.752) 


0°-8°  TYP 


0.008-0.010 
(0.203-0.254) 


0.016- 0.050 


0.406-1.270 


0.004  - 
(0.101  -( 

0.014-0.019 
(0.355-0.483)      I  r~ 

0.050 
(1.270) 
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PACKAGE  DIMENSIONS 


0.005 
(0.127) 
RADMIN 


SOL  Package 
16-Lead  Small  Outline  (Wide) 


SEE  NOTE 


(10109-10.490) 
16    15    14    13    12    11    10  9 


dddddddd. 


0.394-0.419 
(10.007 -10.643)SOL16 


0.009-0.013 
(0  229-0.330) 


NOTE: 

PIN  1  IDENT.  NOTCH  ON  TOP  AND  CAVITIES  ON  THE  BOTTOM  OF  PACKAGES  ARE  THE  MANUFACTURING  OPTIONS 
THE  PART  MAY  BE  SUPPLIED  WITH  OR  WITHOUT  ANY  OF  THE  OPTIONS. 


I  Small  Outline  (Wide) 


NOTE  ^-  ■  A 


 0.447  -  0.463  

(11.354-11.760) 

18    17    16    15    14    13    12    11  10 

£MMMM 


ddddddddd 


0.394-0.419 
(10.007-10.643) 


0.005 
RADMIN 


0  009-0.013 
(0.229-0.330) 


(7.391  -  7.595) 

0.010-0.029  „«. 
(0.254-0.737) 


SEE  NOTE 

0.016-0.050  . 


(0.406-1.270) 


0.093-0.104 
(2.362  -2.642) 


— t  0  0 


0.050     ,  | 
(1.270) 
TYP 

0.014-0.019 
(0.356  -  0.482)" 
TYP 


NOTE: 

PIN  1  IDENT.  NOTCH  ON  TOP  AND  CAVITIES  ON  THE  BOTTOM  OF  PACKAGES  ARE  THE  MANUFACTURING  OPTIONS. 
THE  PART  MAY  8E  SUPPLIED  WITH  OR  WITHOUT  ANY  OF  THE  OPTIONS. 


;0.940^1.143) 


1" 


0.004-0.012 
(0.102-0.305) 
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PACKAGE  DIMENSIONS 


SOL  Package 
20-Lead  Small  Outline  (Wide) 


,  0.496  -  0.512  

(12.598  - 13.005) 

20    19    18    17    16    15    14    13    12  11 

□nannnannn 


1     2     3     4     5     6     7     8     9  10 


0.394  -  0.419 
(10.007-10.643) 


(0.229  -  0  330)         SEE  NOTE 

0.016-0.050 
(0.406-1.270) 
NOTE: 

PIN  1  IDENT,  NOTCH  ON  TOP  AND  CAVITIES  ON  THE  BC 
THE  PART  MAY  BE  SUPPLIED  WITH  OR  WITHOUT  ANY 


(0.356-0.482) 
TYP 

S  ARE  THE  MANUFACTURING  OPTIONS 


SOL  Package 
24-Lead  Small  Outline  (Wide) 


0.005 
(0.127) 
RADMIN 


_    0.291  -  0.299 
(7.391  -7.595) 

0010-0029  x45, 
(0  254-  0.737) 


~1 


0.009-0.013 
(0.229-0.330)        SEE  NOTE 


I 


SEE  NOTE 


(15.190-15.600) 
24    23    22    21    20    19    18    17    16    15    14  13 


1     2     3     4     5     6  7 


0.093-0.104 
(2.362  -  2.642) 


0.394  -  0.419 
(10.007-10.643) 


0°-8°TYP 


0.037-0.045 
(0.940-1.143) 

1 


-I  - 


0J5O       I  I 
(1.270)^  ^ 
TYP 


T 


0.004-0.012 
(0.102-0.305) 


NOTE- 
PIN  1  IDENT.  NOTCH  ON  TOP  AND  CAVITIES  ON  THE  BOTTOM  OF  PACKAGES  ARE  THE  MANUFACTURING  OPTIONS. 
THE  PART  MAY  BE  SUPPLIED  WITH  OR  WITHOUT  ANY  OF  THE  OPTIONS. 
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PACKAGE  DIMENSIONS 


SOL  Package 
28-Lead  Small  Outline  (Wide) 


NOTE: 

PIN  t  I0ENT.  NOTCH  ON  TOP  AND  CAVITIES  ON  THE 
BOTTOM  OF  PACKAGES  ARE  THE  MANUFACTURING 
OPTIONS  THE  PART  MAY  BE  SUPPLIED  WITH  OR 
WITHOUT  ANY  OF  THE  OPTIONS. 


0.009-0.013 

(0.229-0.330)        SEE  NOTE 

0.016-0.050 
(0.406-1.270) 


(17  70-18.08) 

28   27    26    25    24    23    22   21    20   19    18    17    16  15 


1     2     3     4     5     6     7     8     9    10    11    12    13  14 


0.394-0.419 
(10.007-10.643) 


0.093  -0.104 
(2.362-2.642) 


(1.270) 
TYP 


0.014-0.019  . 


(0.356-0.482) 


L 


0.037  -  0.045 
(0.940-1.143) 

1 


a 


0.004-0.012 
(0.102-0.305) 


P  Package 
3-Lead  TO-247 


18"  -  22°  TYP  » 


15°  TYP 


(2.21-2.59) 

0.020  -  0.040 
(0.051  -1.02) 


(4.75  -  5.26) 
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PACKAGE  DIMENSIONS 


ST  Package 
3-Lead  Plastic  SOT-223 


0.264  -  0.287 
(6.706-7.290) 


(3.302  -  3.708) 
I 


0  248-0.264 


(6  299-6.706) 

0.116-0.124 
(2.946-3.150) 


(2.286) 


0.071 
(1.803) 
MAX 


(4.597) 


N0M- 


0  025-0.033 


(0.635-0.838) 


0.012 
(0.305) " 


«|-*-| 


-y — |  r-\  /  \  0.010-0.014 


0.0008-0.0040 
(0.0203-0.1016) 


0.033  -  0.041 


(0.838-1  041) 


T  Package 
3-Lead  TO-220 


(2  540  ±0.254) 


0.015-0.025 


(0  381  -0.635) 


0.169  -  0.185 
"(4.293-4.699) 


9-  1.397) 


0.235-0.270 


(5.969-6.858) 


0.079-0.115 


(2.007-2.921) 
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PACKAGE  DIMENSIONS 


T  Package 
5-Lead  TO-220  (Straight  Lead) 


0,235-0.270 
(5.969-6.858) 


0.560-0.650 
(14.224-16.510) 


0.057-0,077 
(1.448-1.956) 


(9  652-10.668) 


0.169-0.185 


(4.293-4,699) 


(2,007-3.429) 


(25.908-29,997) 


(0,711 -O.J 


(0.381  -0.635) 


0,079-0.115 
(2.007-2.921) 


T5|S)!»9 


0.169-0.185  _^ 
(4.293-4.699) 


0.460-0.500 
(11,68-12.70) 


^#4 


(0.381  -0.635) 
0.210-0.240 


(1.448-1.! 


0.035  -  0.055 
(0.889-1.397) 


0.700-0.728 
(17.780-18.491) 


(1.397-2.286) 
0.079-0.115 
(2.007-2.921) 

0.170-0.185 
(4.318-4.699) 
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PACKAGE  DIMENSIONS 


Y  Package 
7-Lead  TO-220 


(1.14-1.40) 


94-4.95)  ooji! 


W  Package 
10-Lead  Flatpack  (Cerpak) 


0.003-0.006? 


(0.076-0.152) 


4 


0.005 
(0.127) 

MIN 
0.008-0.015 


(0.203-0.381) 
0.026  -  0.045 


(0.660-1.143) 


0  250  -  0.370 
(6.350-9.398) 


0.240-0.260 
(6.096  -  6.604) 


(6.350-9.C 


0.030  -  0.085 


0.005 
-(0.127) 
MIN 


0050 

(1.270; 


(0.760-2.160) 


0.045 
-(1.143) 
MAX 


NOTES: 

1.  THIS  DIMENSION  ALLOWS  FOR  OFF-CENTER  LID,  MENISCUS  AND  GLASS  OVERRUN. 

2.  INCREASE  DIMENSIONS  BY  0  003  (0.076)  WHEN  LEAD  FINISH  A  IS  APPLIED 
(SOLDER  DIPPED) 
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PACKAGE  DIMENSIONS 


Z  Package 
3-Lead  TO-92 


DD  Package 
3-Lead  Plastic 


0.401  ±  0.015 


(1.270  ±0.203) 


0.175 ±  0.08 
(4.445  ±  0.203) ' 


0.059 
(1.499) 
TYP 


0.050  ±  0.08 


(1.270 ± 0.203) 


0.004 


+0.008 


,+0.203 
2 -0.102 


0.022  ±  0.005 


(0.559  ±0.127) 


0.105  +  0.008 
(2.667  ±  0.203) 


0.050  ±0.012 
"(1.270  ±0.305) 
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PACKAGE  DIMENSIONS 


DD  Package 
5-Lead  Plastic 


(0.813  ±  0.203) 


0.175  ±0.08 

<  1 

(4.445  ±  0.203) 

0.059 

(1.499) 

TYP 

1 

0.050  ±0.08 


(1.270  ±0.203) 


.±0.008 
'-0.004 


,±0.203) 
^-0.102) 


0.105  ±0.008 


(0.559  ±0.127) 


DD  Package 
7-Lead  Plastic 


(0.762  ±  0.203) 


0.105  ±0.008 
(2.667  ±  0.203) 


0.022 

(0.559  ±0.127) 


\~T_  0.050 ±0.012 
U  UU5  -*||*-      (1.270  ±0.305) 
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TECHNOLOGY 


INTRODUCTION 


Quality  and  Reliability  Assurance  Programs 

Linear  Technology  Corporation  has  a  wide  ranging 
program  integrating  vendor  participation,  design 
engineering,  and  manufacturing  to  produce  the  most 
reliable  and  highest  quality  linear  integrated  circuits 
available  on  the  market.  Our  modern  manufacturing 
facility  in  Milpitas,  California  is  DESC  Class  S  and  Class  B 
line  certified.  We  have  successfully  completed  over  90 
major  OEM  quality  system  surveys  to  MIL-Q-9858  and 
MIL-l-45208  including  achieving  several  major  customer 
quality  awards.  Our  Quality  and  Reliability  Assurance 
Programs  are  summarized  below: 

•  Wafer  Fabrication — A  modern  class  1 00  area  modular 
clean  room  construction  with  full  environmental 
monitors.  Emphasis  is  placed  on  statistical  quality 
control,  CV  plots,  SEM  monitors  and  on  our  proprietary 
dual  layer  passivation  system. 

•  SPC  (Statistical  Process  Control)  —  LTC  is  committed 
to  SPC  as  the  cornerstone  of  our  continuous  quality 
improvement  and  Total  Quality  Management  System 
(TQMS)  programs.  SPC  is  fully  implemented  in  all 
manufacturing  areas. 

•  Assembly  and  End  of  Line— Incoming  inspection  of  all 
materials  and  piece-parts,  line  surveillance  and  process 
control  monitors. 

•  Testing  —  Incoming  inspection  and  acceptance  of  all 
offshore  lots  prior  to  release  to  test.  LTX  testers, 
multipass  testing  with  closed  loop  binning  to  reduce 
outgoing  electrical  defective  levels.  Many  "beyond  data 
sheet"  tests  and  full  temperature  QA  lot  buy-offs  are 
performed  as  standard  processing. 

•  Traceability  — A  backside  or  side  mark  is  placed  on  all 
units,  where  space  permits,  to  give  information  on  each 
unit  to  identify  the  wafer  fab  lot,  assembly,  end  of  line 
(e.o.l.)  and  test  lots.  The  information  provided  exceeds  the 
seal  week  traceability  control  required  by  MIL-STD-883. 

•  ESD  (Electro  Static  Discharge)  —  A  full  program  is  in 
place  from  design  through  manufacturing.  Products  are 
fully  characterized  to  MIL-STD-883  (Method  3015)  and 
strict  controls  on  handling  and  packaging  are  observed. 


•  Training  and  Certification  —  Operator  training  has 
been  established  for  all  operations  and  recertif  ication  is 
performed  every  6  months. 

•  Major  Change  Control  —  Major  change  controls  are 
in  place  to  notify  our  customers  in  accordance  with 
MIL-M-38510,  LTC  internal  specifications,  or  specific 
customer  specifications  as  required. 

•  Quality  Assurance  —  Full  monitoring  and  reporting  of 
quality  data  with  emphasis  on  statistical  process  control 
charts  and  continuous  quality  improvement.  Refer  to 
our  section  on  Quality  Assurance  Program. 

•  Failure  Analysis  and  Reporting  —  A  full  analytical  lab 
and  formal  program  exists  to  record,  analyze  and  take 
appropriate  corrective  action  on  all  returns.  A  report  is 
generated  and  sent  to  the  customer  stating  our  findings 
and  action. 

•  Reliability  Flows  —  Linear  Technology  reliability  flows 
include  Class  S  and  Class  B  JAN-38510,  Standard 
Military  Drawings  (SMD),  DESC  Drawings,  883,  R-Flow, 
and  Hi-Rel  (Source  Controlled  Drawings).  In  addition, 
specialized  processing  such  as  SEM,  PIND  and  other 
tests  can  be  performed  as  required. 

•  Reliability  Monitor  —  LTC  has  a  unique  reliability 
structure  built  into  each  wafer  that  is  used  to  obtain 
rapid  feedback  on  reliability.  This  data  is  obtained  in  less 
than  1  week,  versus  40  weeks  for  a  typical  reliability 
audit.  See  the  LTC  Reliability  Program  for  more  details. 
LTC  has  a  comprehensive  reliability  monitor  program 
for  plastic  packaged  devices.  A  variety  of  tests  are 
performed  on  every  1  week  date  code,  for  every  package 
type  and  lead  count  and  real  time  feedback  to  the 
assembly  facilities. 

•  Reliability  Reporting  —  Data  is  gathered  on  a  monthly 
basis  for  selected  package/product  combinations.  This 
data  is  summarized  each  quarter  and  published  in  a 
Reliability  Data  Pack  showing  Operating  Life,  85/85, 
HAST,  Autoclave,  Temperature  Cycle,  Thermal  Shock, 
883  Group  C,  and  883  Group  D  summary  data.  Copies  of 
Reliability  Data  Pack  summaries  are  available  by  writing 
or  calling  Linear  Technology,  1630  McCarthy  Blvd., 
Milpitas,  CA  95035,  (800)  637-5545. 
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TECHNOLOGY 


RELIABILITY  ASSURANCE 
PROGRAM 


INTRODUCTION 

In  1981,  Linear  Technology  Corporation  was  founded 
with  the  intention  of  becoming  a  world  leader  in 
high  performance  analog  semiconductors.  To  achieve 
this  goal  Linear  Technology  Corporation  committed  itself 
to  consistently  meet  its  customers'  needs  in  four  areas: 

□  Functional  Value 


□  Quality 

□  Reliability 

□  Service 


Linear  Technology  Corporation  has  achieved  its  primary 
goal  and  is  now  focused  to  achieve  100%  customer 
satisfaction. 

This  brochure  defines  the  key  elements  of  Linear  Technology 
Corporation's  Reliability  Assurance  Program  which  isdivided 
into  three  groups: 

□  Reliability  Planning 

□  Manufacturing  for  Reliability 

□  Reliability  Assessment  and  Improvement 


100% 
CUSTOMER 
SATISFACTION 


The  Focus  and  Commitment 
of 

Linear  Technology 
Corporation 
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RELIABILITY  ASSURANCE  PROGRAM 


RELIABILITY  PLANNING 

Reliability  planning  takes  three  forms  at  Linear  Technology 
Corporation  (LTC).  The  first  is  the  establishment  of  the 
reliability  requirements  for  a  product  to  be  released  to 
manufacturing.  The  second  is  the  definition  and 
implementation  of  a  predictive  reliability  system.  Thethird  is 
designing  for  reliability,  which  includes  new  product 
development,  materials  selection,  and  construction 
techniques. 

We  fully  realize  that  the  cost  of  failure  in  the  field  is  many 
orders  of  magnitude  more  than  the  initial  component  cost. 
Therefore,  the  goal  of  the  reliability  planning  process  is  to 
provide  reliable  product  to  reduce  the  cost  of  ownership  to 
our  customers. 

Reliability  Criteria 

A  key  element  of  reliability  planning  is  LTC's  internal 
specification  entitled  "Quality  Assurance/Reliability 
Assurance  Qualification  Requirement".  Itcontainsacomplete 
description  of  the  interrelationships  of  the  various  groups 
involved  in  meeting  LTC's  reliability  objectives  and  defines 
the  guidelines  for  release  decisions  which  affect  quality  and 


Predictive  Reliability  System 

LTC  has  developed  a  predictive  reliability  system  which 
combines  quality  and  reliability  information  in  a  database  to 
provide  reliability  summaries  and  trend  analysis.  A  block 
diagram  of  the  system  is  shown  on  this  page. 

Designing  tor  Reliability 

Considerable  planning  goes  into  the  design  of  LTC's  products. 
This  planning  includes  device  layout  considerations,  selection 
of  input  and  output  protection  schemes,  selection  of  fab 
processing  technology,  and  specification  of  materials  and 
hniques. 


A  stringent  set  of  bipolar  and  CMOS  design  rules  have  been 
established  to  enhance  reliability  and  optimize 
manufacturability  through  robust  design.  At  the  design 
stage,  the  reliability  of  the  circuit  is  heavily  dependent 
on  layout  considerations.  The  rules  for  thickness  and  width 
of  metallization  have  been  defined  to  minimize  the  current 
density  and  prevent  electromigration.  Current  density 
calculations  are  required  to  be  performed  on  all  products  to 
ensure  that  the  designs  are  conservative.  The  routing  of  the 
metal  pattern  is  designed  to  eliminate  potential  inversion  or 
leakage  failures  and  guard  ring  structures  are  used  where 
appropriate.  The  positions  of  bonding  pads  are  carefully 


selected  to  optimize  device  performance  and  also  to  fit  easily 
into  a  variety  of  packages  without  creating  potential  bond 
loop  problems  that  could  result  in  shorted  wires. 

The  Predictive  Reliability  System 


rl 


I  883-Quality 
1  Conformance 

-1 

Reliability 

1  Inspections 

Data  Base 

Customer 
Qualifications 


Customer 
Product 
Change 

Notification 


Reliability 
Summary 
Data  Reports 


Quarterly 
Reliability 
Data  Pack 


Failure 
Rate 
Estimates 


Trend 
Analysis 


Corrective 
Actions 


Preventive 


The  thermal  layout  of  our  circuits  also  receives  considerable 
attention  to  minimize  parametric  drift  and  optimize 
performance.  In  the  case  of  voltage  regulators,  for  any  given 
power  dissipation  there  will  be  some  temperature  difference 
between  the  power  transistor  and  the  control  circuitry,  due 
to  their  separation  on  the  die.  This  temperature  difference  is 
a  desirable  situation  which  is  used  to  reduce  the  power 
transistor's  temperature  affect  on  the  control  circuitry. 
Additionally,  the  power  transistor  has  a  higher  maximum 
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RELIABILITY  ASSURANCE  PROGRAM 


junction  temperature  rating  than  that  of  the  control  circuitry 
and  may  be  allowed  to  run  warmer  without  degradation. 
Such  LTC  products  are  also  designed  for  maximum  efficiency 
to  reduce  power  dissipation  and  thereby  improve  reliability 
and  reduce  the  cost  of  heat  sinking  in  the  customer's 
product. 

All  of  our  voltage  regulators  include  thermal  limiting  in  the 
circuitry  to  shut  down  the  device  if  the  temperature  exceeds 
the  safe  operating  conditions.  Additional  insurance  is  provided 
by  employing  short  circuit  current  protection  to  safeguard 
against  catastrophicfailure.  The  philosophy  of  incorporating 
fault  tolerant  designs  with  innovative  circuit  protection 
concepts  is  a  fundamental  design  rule  at  LTC. 

Thermal  Resistance  Model  of  LTC's  Voltage  Regulators 


CONTROL  CIRCUITRY  POWER  TRANSISTOR 


f  T 

(Control  Circuitry)  (Power  Q) 

Another  major  design  consideration  in  circuit  reliability  is 
tolerance  to  electrostatic  discharge  (ESD)  and  electrical 
overstress  (EOS).  ESD  is  a  problem  encountered  both  in 
normal  handling  and  circuit  assembly.  It  also  affects  the 
reliability  of  the  final  product  when  cables  are  exposed  to 
ESD  such  as  in  line  drivers  and  receivers. 

The  implementation  of  ESD  protection  structures  in  linear 
integrated  circuits  is  much  more  difficult  than  in  digital 
circuits.  The  linearcircuit  must  provide  protectionforelectrical 
overstress  while  maintaining  the  ability  to  measure  current 
levels  in  the  picoamp  range.  Interface  circuits  have  input  and 
output  connections  that  normally  operate  at  voltages  in 
excess  of  the  power  supply,  thereby  precluding  the  use  of 
clamp  structures  to  the  power  supply  for  ESD  protection. 
LTC,  using  a  combination  of  circuit  design  and  proprietary 
structures,  provides  high  levels  of  overstress  immunity  to  its 
devices  which  enhances  their  reliability.  As  a  goal,  all  devices 
are  designed  for  a  minimum  of  2,000  volts  ESD  protection 
with  some  devices  achieving  5,000  volts  to  1 0,000  volts  ESD 
protection. 
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Linear  circuits  with  total  supply  currents  in  the  microamp 
range  cannot  tolerate  leakages  induced  by  contamination. 
Whether  the  circuit  is  Bipolar,  CMOS  or  Complementary 
Bipolar,  the  circuit  must  withstand  high  operating  voltage 
and  high  temperature  forthousands  of  hours  without  leakage 
currents  degrading  device  performance.  LTC  uses  advanced 
process  techniques  to  shield  the  die  from  sodium 
contamination  while  preventing  electron  accumulation 
causing  surface  inversions.  This,  combined  with  continuous 
monitoring  of  the  assembly  process,  ensures  high  reliability 
devices. 

LTC  utilizes  state-of-the-art  processes  in  manufacturing  its 
products.  Our  high  voltage  Bipolar  process  provides  high 
gain,  low  noise  general  purpose  devices  as  well  as  high 
power  integrated  circuits.  CMOS  can  provide  high  complexity 
ICs  with  a  large  digital  content.  Complementary  Bipolar,  a 
new  process  developed  in-house  by  LTC,  provides  high 
speed  NPNs  and  PNPs  on  the  same  monolithic  die. 
Complementary  Bipolar  enables  an  expanded  product  range 
for  linear  circuitsandissuitable  for  very  high  speed  amplifiers, 
general  purpose  linear  signal  processing  oreven  high  speed 
D/A  converters.  All  of  these  products  are  characterized  by 
high  reliability,  low  power  consumption  and  the  ability  to 
operate  from  a  wide  range  of  power  supplies  and  over  a  wide 
range  of  ambient  temperatures. 

LTC's  Process  Structures 


RELIABILITY  ASSURANCE  PROGRAM 


In  order  to  ensure  that  device  performance  and  reliability 
goals  are  achieved  on  new  products,  design  review  meetings 
are  held  regularly  during  the  design  and  development  phase. 

LTC  has  selected  assembly  processes  and  materials  that  are 
closely  matched  toachieve the  highest  reliability  level  in  both 
ultra  precision  and  high  power  devices.  Compatibility  between 
the  different  package  elements,  such  as  the  molding 
compound  and  lead  frame,  are  carefully  researched  and 
qualified.  The  choice  of  materials  and  assembly  processes 
are  especially  critical  in  surface  mount  devices,  which  must 
maintain  reliability  after  being  subjected  to  harsh  board 
soldering  environments.  At  LTC  we  are  using  the  latest  state- 
of-the-art  assembly  equipment  and  materials  to  guarantee 
reliability.  Our  low  stress  epoxy  molding  compound  is 
extremely  low  in  ionic  impurities. 

Similar  improvements  have  been  made  in  hermetic  packages 
in  the  modern  low  temperature  glass  ceramic  seals  and 
improved  die  attach  materials. 

LTC's  Dual  Layer  Passivation  System 


OXIDE 



SILICON 

1.  Contamination  Free  Passivation  Oxide  — 


2.  Conformal  Oxide  Underlayer 

3.  Plasma  Nitride  Top  Layer  — 


To  protect  the  die  from  degradation  before  assembly,  and 
from  the  long  term  effects  of  the  package  environment,  LTC 
has  developed  a  proprietary  dual  layer  passivation.  This  dual 
layer  passivation  system  is  free  from  cracks  and  pinhole 
defects  and  offers  an  outstanding  moisture  barrier  without 
detrimental  side  affects  to  device  performance. 

Design  of  Experiments 

LTC  is  committed  to  the  use  of  design  of  experiments  (DOE) 
when  developing  new  products  and  processes.  We  firmly 
believe  that  design  of  experiments  will  be  the  new  industry 
standard  for  product  and  process  development. 

DOE  has  been  successfully  utilized  on  numerous  products 
and  processes  at  LTC.  DOE,  coupled  with  response  surface 
methodology,  has  provided  LTC  the  ability  to  solve  complex 
problems  that  were  previously  unsolvable.  We  have  used 
DOE  to  characterize  wafer  fab  processes  and  provided  this 
information  to  our  IC  designers  which  enabled  them  to 
produce  devices  that  were  less  sensitive  to  manufacturing 
variations. 

Response  Surface  Model  of 
PIND  Yield  after  Welding  Operation 
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MANUFACTURING  FOR  RELIABILITY 

LTC  is  keenly  aware  of  the  influence  which  the  manufacturing 
process  has  on  the  quality  and  reliability  of  the  finished 
product.  For  this  reason,  LTC  has  placed  critical  emphasis 
on  the  manufacturingfacility  and  associated  process  controls. 
LTC's  claims  of  outstanding  manufacturing  capability  and 
controls  are  validated  by  the  fact  that  we  achieved  Class  S 
Certification  by  DESC  in  November  of  1987. 

LTC's  strategy  in  manufacturing  for  reliability  includes  the 
use  of  automated  state-of-the-art  equipment,  protection  of 
the  product  as  it  moves  through  manufacturing,  effective 
inspection  and  screening,  device  traceability  and  statistical 
process  control.  These  and  other  similar  tight  controls  are 
applied  from  wafer  fabrication  through  product  shipment. 

Wafer  Fab 

In  wafer  fabrication,  the  key  to  a  reliable  process  is  process 
control.  Two  major  thrusts  of  process  control  in  the  wafer 
fab  are  the  application  of  statistical  process  control  (SPC) 
and  the  use  of  automated  processing  equipment.  Automated 
equipment  employing  cassette-to-cassette  wafer  transfer, 
proximity  mode  aligners  and  projection  steppers  have 
significantly  reduced  handling  related  defects. 

Projection  Stepper 


Microprocessor  controlled  furnaces  are  used  to  eliminate 
the  effects  of  process  variations  and  human  errors.  Thin  film 
processing  employs  fully  automated  sputtering  and  metal 
etch  systems. 

Automated  Metal  Etch  System 
  -a 

  ■ 
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All  of  these  equipment  enhancements  work  togetherto  yield 
a  process  that  is  consistent  and  repeatable  with  a  minimum 
of  wafer  handling.  Quality  control  monitors  and  inspections 
at  various  points  in  the  process,  coupled  with  the  use  of 
control  charting  throughout  the  fab  area,  ensure  consistent 
processing.  The  quality  of  the  oxide  is  checked  regularly 
using  C-V  plots  to  checkfor  contamination  and  surface  state 
anomalies.  Scanning  electron  microscope  inspection  is 
performed  periodically  each  daytoensurethe  integrity  of  the 
metallization  system. 

Assembly 

The  introduction  of  new  equipment  and  techniques  in 
the  assembly  process  has  had  a  tremendous  impact  on 
device  reliability.  The  use  of  automated  equipment  has 
reduced  the  handling  and  subsequent  damage  of  die  and 
wafers.  In  situations  where  die  or  wafers  must  be  handled, 
vacuum  wands  and  vacuum  pens  have  replaced  tweezers 
and  thereby  decreased  damage  due  to  scratches.  Automated 
wire  bonding  machines  have  produced  more  consistent  wire 
bonding  quality  and  improved  productivity. 

All  products  receive  a  thorough  visual  inspection  per  Mil- 
Std-883  Method  2010  Condition  B  or  an  equivalent  visual 
criteria  prior  to  encapsulation. 
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High  Speed  Automatic  Bonder 


Traceability 

LTC  has  an  outstanding  traceability  control  system.  A  backside 
mark  or  a  side  mark  is  used  to  code  information  including 
the  country  of  assembly,  assembly  facility,  exact  assembly 
lot  seal  date,  waferfab  lot,  die  typeand  revision.  Additionally, 
this  backside  mark  will  identify  any  non-standard  processing 
which  may  have  been  required  using  a  custom  flow.  At  the 
wafer  level,  each  wafer  is  laser  scribed  to  include  the  fab 
run  numberandwaferserial  number.  Thistraceability  benefit 
is  offered  as  a  standard  feature  on  all  packages  where  space 
allows  and  is  part  of  the  "added  value"  of  LTC  products. 


Traceability  Control  Using  Backside  Mark 
or  Side  Mark  Coding 


To  enhance  traceability,  LTC  is  using  the  latest  state-of-the- 
art  document  archival  system.  This  computerized  system 
incorporates  a  document  scanner  which  digitizes  and 
compresses  documents  to  be  stored  on  optic 


documents  are  stored,  their  ID  number,  date,  and 
classification  are  recorded  in  the  system's  database  to 
facilitate  retrieval.  This  system  allows  fab  travelers,  test 
travelers  and  other  critical  documents  to  be  retrieved  in 
minutes  as  opposed  to  hours  or  days. 

Optical  Disk  Archive  System 


Reliability  Screening 

Although  our  standard  product  families  are  recognized 
for  their  very  low  infant  mortality,  customer  requested 
additional  reliability  screening  can  be  provided  by  LTC.  This 
added  reliability  screening  for  commercial  or  industrial  level 
products  is  offered  for  both  hermetic  and  plastic  devices 
and  is  designated  as  our  "R"  flow  process  signified  by  a 
/R  symbol  as  a  suffix  to  the  part  number. 

The  "R"  flow  includes  temperature  cycle,  burn-in  and  QA 
testing  at  0°C,  +25°C,  and  +70°C.  A  simplified  flowchart  of 
the  "R"  flow  is  shown  in  Table  1  at  the  end  of  this  brochure. 
The  hermetic  devices  are  also  offered  as  JAN  Class  S  or 
Class  B,  Standardized  Military  Drawings  (SMDs)  and  also 
as  Mil-Std-883  devices. 

LTC  offers  a  cost  effective  reliability  screen  for  hermetic 
product  using  the  Mil-Std-883  screening  and  quality 
conformance  inspection.  This  flow  is  defined  in  our  "Mil- 
Std-883"  brochure  and  depicted  in  a  brief  flow  diagram 
shown  in  Table  2  at  the  end  of  this  brochure. 

The  Mil-Std-883  burn-in  at  125°C  for  160  hours  is  roughly 
equivalent  to  80,000  hours  or  approximately  9  years  of 
continuous  operation  at  a  normal  operating  temperature  of 
around  55°C  (Assuming  an  activation  energy  of  1 .0  electron 
volts). 
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Whether  testing  plastic  or  hermetic  devices,  the  engineers  at 
LTC  routinely  add  tests  in  addition  to  the  standard  data  sheet 
tests.  These  added  tests  are  used  to  detect  potential  flaws 
that  could  impact  reliability  and  provide  additional  device 
compatibility  with  subtle  application  related  performance 
characteristics.  Examples  of  such  additional  tests  are  the 
exercising  of  thermal  shutdown  mode  of  regulators  prior  to 
burn-in  or  the  stressing  of  on-chip  capacitors  with  voltages 
in  excess  of  the  device  maximum  rating  to  induce  failure  in 
substandard  lots. 

Data  sheet  electrical  parameters  are  measured  before  and 
after  the  specified  stress  testing  to  ensure  the  electrical 
integrity  of  the  devices. 

Statistical  Process  Control 

At  LTC  we  believe  that  quality  and  reliability  should  be  built 
into  a  product  as  opposed  to  simply  screening  out  bad 
devices.  Statistical  Process  Control  (SPC)  is  ideally  suited  to 
our  manufacturing  goals.  SPC  has  enabled  us  to  run 
processes  with  uniform  and  centered  distributions  which 
have  not  only  optimized  yields,  but  have  also  produced  a 
finished  product  that  is  rugged  and  reliable. 


Example  of  Control  Chart  lor  SOIC  Coplanarity 


Control  charting  at  all  critical  processes  is  used  to  identify 
the  need  for  corrective  action  before  an  out  of  control 
situation  occurs,  thus  reducing  the  overall  process  variation. 
LTC  has  an  active  SPC  program.  The  generic  process  from 


wafer  fabrication  through  shipping  has  been  flow  charted 
with  critical  nodes  defined.  The  Control  Plan  Detail  outlines 
the  various  attributes  of  the  activities  surrounding  that 
particularactivity.  OrganizationforSPCiscomprisedofthe: 

□  Steering  Committee 

□  SPC  Quality  Control  Teams  (QCTs) 

□  Process/Preventive  Action  Teams  (PATs) 

The  Steering  Committee  provides  the  leadership  forthe  SPC 
process,  while  the  QCTs  are  responsible  for  the 
implementation  and  maintenance  of  SPC  within  their 
respective  operational  groups.  PATs  are  formed  by  the  QCTs 
to  implement  certain  initial  or  corrective  measures  with 
specific  stated  goals,  using  SPC  tools.  There  are  four  QCTs 
in  place: 

□  Wafer  Fab 

□  Quality  and  Reliability 

□  Local  Assembly 

□  End-of-Line  (which  includes  Test,  Mark,  Pack, 
Product  and  Test  Engineering) 

Since  by  definition,  a  PAT  functions  until  its  stated  goal  is 
attained,  their  number  and  tasks  are  constantly  changing. 
We  have  had  as  many  as  23  active  PATs  which  include 
operators  and  maintenance  personnel. 

Training  is  provided  in-housefora  majority  of  the  Company's 
employees,  who  receive  test  materials  and  1 35  to  279  hours 
of  instruction  in  one  or  more  of  the  following  courses: 

□  Basic  SPC 

□  Advanced  SPC 

□  Design  of  Experiments 

□  Team  Organization 

An  important  aspect  of  the  SPC  program  at  LTC  involves  the 
use  of  Design  of  Experiments  to  solve  specific  problems, 
develop  new  products/processes,  and  characterize  new 
products  and/or  processes. 

LTC  is  driving  SPC  beyond  our  own  factory.  A  Preferred 
Supplier  Program  has  been  implemented  with  our  raw 
materials  suppliers,  wherein  parameters  deemed  critical  to 
the  manufacturing  process  at  LTC  are  controlled  statistically 
by  the  raw  material  supplier.  Evidence  of  this  control  is 
supplied  to  LTC  on  a  regular  basis.  This  system  of  customer- 
supplier  cooperation  ensures  the  integrity  of  the  materials 
and  maintains  a  mutual  focus  on  improvement. 
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RELIABILITY  ASSESSMENT 
AND  IMPROVEMENT 

LTC  combines  a  traditional  approach  to  reliability  which 
incorporates  product  qualification  and  long  term  reliability 
assessment  with  a  "leading  edge"  approach,  which 
incorporateswaferlevelreliabilitytestingandinlineassembly 
reliability  monitoring. 

Qualification  Testing 

Before  a  new  product  can  be  released  to  production,  strict 
qualification  testing  requirements  must  be  met.  These  same 
qualification  requirements  apply  to  new  processes,  new 
materials,  new  designs  and  major  changes  in  any  of  these 
areas.  The  guidelines  for  qualification  of  process  or  product 
changes  are  detailed  in  Mil-M-38510.  At  LTC  we  adhere  to 
those  guidelines  and  in  many  cases  impose  additional 
testing  per  our  own  requirements.  Examples  of  some  of  the 
qualification  tests  which  are  used  by  LTC  are  shown  in  Table 
3  at  the  end  of  this  brochure. 

As  part  of  new  product  qualification,  LTC  performs  ESD 
sensitivity  classification  testing  of  devices  to  Method  3015 
of  Mil-Std-883.  This  ESD  sensitivity  testing  uses  both  the 
human  body  model  and  the  machine  model.  During  this 
rigorous  testing,  every  pin  combination  on  at  least  3  devices 
is  subjected  to  3  positive  pulses  followed  by  3  negative 
pulses  at  the  specified  voltage  increment  with  a  1 
second  cool  down  period  between  pulses.  Following  this 
ESD  testing,  the  device  is  tested  for  opens  or  shorts  on  a 
curve  tracer  and  then  must  pass  the  full  data  sheet  limits 
on  the  automatic  test  equipment. 

Additionally,  for  CMOS  circuits,  latch-up  testing  is  performed 
on  every  pin  to  determine  the  device's  ability  to  source  or 
sink  current  without  destructive  latch-up.  We  require  new 
LTC  products  to  handle  increasingly  high  currents  without 
latch-up  and  subsequently  meet  all  data  sheet  parameters. 

Reliable  radiation  hardened  devices  are  produced  by  LTC 
using  a  proprietary  process  technology  designed  to  meet  or 
exceed  1 00k  RADS  total  dose.  Qualification  testing  of  these 
devices  using  a  Cobalt  60  source  has  demonstrated  excellent 
results  on  a  number  of  products.  Data  sheets  for  our  RAD 
hard  product  line  are  available  from  your  local  sales 
representative. 


Wafer  Level  Reliability  Assessment 

As  an  additional  reliability  control,  LTC  has  innovated  a 
strategy  for  auditing  the  wafer  fab  process.  Diagnostic 
structures,  in  addition  to  the  device  structures,  are  specifically 
designed  as  either  Bipolar  or  CMOS  reliability  test  patterns 
and  are  stepped  into  all  wafers.  These  structures  are  tested 
during  fabrication  using  a  parametric  analyzer.  Then  these 
test  vehicles  are  used  to  investigate  and  detect  potential  yield 
and  reliability  hazards  after  assembly. 

The  Bipolar  Process  version  of  this  structure  is  optimized  to 
accelerate,  under  temperature  and  bias,  the  two  most 
common  failure  mechanisms  in  linearcircuits,  namely  mobile 
positive  ions  and  surface  charge-induced  inversions.  This 
three  terminal  structure  is  scribed  from  a  waferand  assembled 
in  an  either  hermetic  or  plastic  package.  These  devices  are 
burned-in  for  a  predetermined  temperature  and  time.  The 
same  structures  becomes  sensitive  to  either  failure 
mechanism  depending  upon  the  bias  scheme  used  during 
burn-in.  A  limit  is  defined  for  the  leakage  current  change 
during  burn-in;  afailure  indicates  a  waferfab  problem  which 
will  be  addressed  by  the  process  engineering  group. 

The  CMOS  Process  version  allows  measurements  of 
thresholds  of  various  sizes  and  kinds  of  N-Channel  and 
P-Channel  MOSFETs.  Body  effects,  L  effective,  sheet 
resistance,  zener  breakdown  voltage,  contact  metal  resistance 
and  impact  ionization  current  are  measurable  with  this  chip 
which  is  assembled  in  a  twenty  lead  DIP. 

Bipolar  Test  Pattern 
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Electrical  testing  is  performed  on  the  structure  before  and 
after  burn-in.  After  evaluating  any  sample  population  shifts 
orfailures,  process  engineering  is  appraised  of  the  results  of 
this  process  monitor. 

The  use  of  test  patterns  allow  any  device  to  be  monitored  and 
also  gives  faster  unambiguous  feedback  than  is  normally 
achieved  by  performing  reliability  testing  on  assembled 
product.  Reliability  data  is  generated  in  less  than  one  week, 
giving  immediate  feedback  to  the  production  line. 

LTC  utilizes  this  new  reliability  control  technique  in  addition 
to  the  conventional  reliability  audit  on  randomly  pulled 
finished  product.  Operating  Life  tests  are  performed  and  the 
distributions  of  key  parameters  before  and  after  testing  are 
evaluated  for  stability  and  control. 

Quick  Reaction  Reliability  Monitor 

As  a  complement  to  the  wafer  level  reliability  program,  a 
monitor  program  focused  on  assembly  related  issues  has 
been  fully  implemented.  This  reliability  monitor  program, 
known  as  the  QUICK  REACTION  RELIABILITY  (QR2)  monitor, 
has  been  specifically  tailored  to  provide  quick  feedback  of 
reliability  assessment  of  the  assembly  operation.  The  tests 
in  the  QR2  program  are  designed  to  identify  reliability 
weaknesses  associated  with  wire  bonding,  die  attach,  package 
encapsulation  and  contamination  related  failures.  The  actual 
tests  performed  in  the  QR2  Monitor  Program  are  shown  in 
Table  4  at  the  end  of  this  brochure. 

In  order  to  ensure  that  representative  reliability  assessment 
is  made,  the  QR2  sampling  matrix  requires  QR2  testing  of 
every  date  code  from  each  assembly  location  on  each 
package  type  and  lead  count  from  that  assembly  location. 
This  provides  a  weekly  snapshot  of  the  reliability  of  all 
packages  from  all  assembly  locations.  The  basic  strategy  is 
to  evaluate  as  many  production  lots  as  possible  to  provide 
maximum  confidence  to  our  customers. 

Should  a  failure  occur  during  QR2  testing,  the  entire 
production  lot  is  impounded  before  shipment.  Failures  are 
analyzed  to  determine  validity  and  the  root  cause  of  any  valid 
failure.  Quite  often,  additional  samples  are  pulled  and  tested 
for  an  extended  period  of  time.  Lots  with  substandard 
reliability  performance  are  scrapped.  The  data  generated 
from  this  program  is  used  to  establish  a  program  for 
continuous  quality  improvement  with  ourassemblyfacilities. 


Long  Term  Reliability  Monitor 

LTC  also  conducts  a  traditional  long  term  reliability  monitor 
program  on  devices  pulled  from  Boxstock.  This  long  term 
reliability  monitor  is  used  for  extended  life  and  end  of  life 
approximations  such  as  FIT  (failure  in  time)  calculations. 
The  long  term  reliability  monitor  also  serves  as  a  check 
against  our  short  term  reliability  estimates. 

The  long  term  reliability  tests  are  designed  to  evaluate 
design,  waferfab  and  assembly  related  weaknesses.  Industry 
standard  reliability  tests  and  the  relatively  new  HAST  (highly 
accelerated  stress  test)  have  been  incorporated  into  this 
program.  The  long  term  reliability  monitor  tests  are  shown 
in  Table  5  at  the  end  of  this  brochure. 

The  most  severe  tests  for  plastic  package  devices  are 
the  temperature  and  humiditytests,  particularly  HASTtesting. 
We  have  included  HAST  testing  in  the  long  term  reliability 
monitor  program  due  to  the  highly  accelerated  nature  of  the 
this  test.  This  test  accelerates  the  penetration  of  moisture 
through  the  external  protective  encapsulant  or  along  the 
interface  between  the  encapsulant  and  the  metallic  lead 
frame.  Additionally,  the  HAST  test  is  conducted  with  the 
device  under  bias.  The  HAST  test  places  the  plastic  devices 
in  a  humid  environment  of  85%  relative  humidity  under 
45psi  of  pressure  at  1 30°C  to  1 40°C.  Underthese  conditions, 
24  hours  of  HASTtesting  at  140°C  is  roughly  equivalent  to 
1,000  hours  of  85°C/85%  RH  testing.  The  employment  of 
HAST  testing  has  dramatically  reduced  the  length  of  time 
required  for  qualification. 

Qual  Samples  Being  Loaded  into  the  HAST  System 
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Acceleration  Factor  Using  HAST  Compared  to  85/85 
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Group  C  and  D  Testing 

Since  LTC  is  a  certified  producer  of  JAN  38510  and  883 
product,  we  perform  Group  C  and  D  testing  regularly  on  our 
devices.  This  data  is  also  incorporated  into  the  reliability 
datapackinthe  back  of  this  brochure.  The  Group  C  and  D  test 
lists  are  shown  in  Tables  6  and  7  at  the  end  of  this  brochure. 

Failure  Analysis  and  Corrective  Action 

LTC  is  extremely  concerned  with  all  failures  whether  they 
occur  in-house  or  at  a  customer  location.  We  have  focused 
significant  resources  in  the  area  of  failure  verification  and 
analysis. 

LTC  offers  failure  analysis  services  to  its  customers,  free  of 
charge.  In  an  emergency  situation  a  preliminary  failure 
analysis  report  can  be  issued  within  24  hours.  Our  failure 
analysis  database  revealed  that  the  vast  majority  of  all 
devices  returned  for  failure  analysis  are  invalid  due  to 
improperapplication,  gross  misuse  ortheyarefully  functional 
and  meet  all  data  sheet  parameters.  LTC  also  offers 
outstanding  applications  assistance  to  help  the  customer 
achieve  the  full  value  of  our  products. 


Scanning  Electron  Microscope  with 
X-RAY  Dispersive  Analysis 


We  are  equally  concerned  with  failures  that  are  identified 
during  reliability  and  qualification  testing.  As  with  field 
failures,  the  in-housefailuresare  analyzed  in  detail  to  pinpoint 
the  exact  failure  mechanism  and  to  identify  the  root  cause. 
In  many  cases,  where  ESD  or  EOS  is  the  suspected  cause  of 
the  failure,  fault  simulation  is  carried  out  by  over  stressing 
good  devices  to  recreate  the  fault  condition. 

LTC  has  invested  in  failure  analysis  resources  in  the  form  of 
experienced,  seasoned  engineers  and  equipment  such  as  a 
full  metallurgical  lab,  IC  deprocessing  equipment  and  a 
scanning  electron  microscope  with  voltage  contrasts,  electron 
beam  inducedcurrent(EBIC),  energy  dispersive  x-ray  analysis 
(EDAX),  and  a  computerized  database. 

All  failure  analysis  reports  are  documented  in  detail  and 
distributed  appropriately.  All  valid  failure  analyses  require 
prompt  and  effective  corrective  action  which  is  driven  to 
completion  by  the  quality  and  reliability  organization. 

Corrective  actions  are  implemented  in  accordance  with 
LTC's  internal  document  "Corrective  Action  Procedure" 
which  details  the  method  and  responsibilities  for  timely 
corrective  action.  This  procedure  is  summarized  in  a  separate 
brochure  which  is  available  to  our  customers  upon  request. 
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Typical  Failure  Analysis  Flow 


1 .  A  request  for  failure  analysis  initiates 
the  action  of  analyzing  failures. 


2.  All  details  of  the  failure  are  recorded  and  a  failure 
analysis  number  is  assigned  to  the  request. 


3.  Perform  external  visual  examination 


4.  Read  and  record  all  electrical  parameters 
at  all  temperatures  noting  failing  parameters. 


5.  Perform  hermeticity  (not  for 
plastic  packaged  devices). 


7.  Read  and  record  all  parameters  at  all  temperatures 
noting  failing  and  shifting  parametric  readings. 


8.  Decapsulation  or  delidding. 
■ 


9.  Internal  visual  microscopic 
inspection  from  5X  to  400X. 


10.  Read  and  record  all  parameters  at  all  temperatures 

noting  failing  and  shifting  parameters. 
  ■   ~ 


1 1 .  Review  all  pertinent  data  and  plan  the  next 
series  of  steps  based  upon  the  results  so  far. 


12.  Remove  topside  nitride  and  oxide  layers. 
■ 

13.  Read  and  record  all  parameters  at  all  temperatures 
noting  failing  and  shifting  parameters. 


14.  Probe  circuit  using  micromanipulator 
in  order  to  isolate  the  failure  site. 


|  15.  Scanning  electron  microscopy.  ~| 


16.  Voltage  contrast/electron 
beam  induced  current. 


17.  Cross-sectioning  and  junction  staining. 


18.  Fault  simulation  for  electrostatic  discharge 
damage  and  electrical  overstress  related  failures. 


19.  Analyze  all  the  results  of  these  steps  including 
s,  discussions  and  recommendations. 


Failure  Rate  Calculations 

Failure  rates  at  LTC  are  calculated  using  Mil-Std-690B  which 
is  based  upon  the  exponential  distribution  model  for 
predicting  microelectronic  device  reliability.  Examples  of  FIT 
and  MTBF  (mean  time  between  failure)  are  shown  in  the 
sample  calculation  below. 

Sample  Calculation: 

Step  1 .  Calculate  Failure  Rate  at  Test  Condition 
(+150°C). 

Assume  77  units  on  Op-Life  for  1000  hours  with  0  failures: 

Device  Hours  at  Test  Condition  =  77  Units  x  1 000  Hours 
equals  77,000  Device  Hours  at  +150°C 


Fail  Rate  = 


Value  fromTable  A-1(Mil-Std-690B) 
Device  Hours 

:1.19%1KHours(11,900  FITS) 


91.641 
77,000 


The  Arrhenius  model  is  used  to  extrapolateafailure  ratefrom 
an  accelerated  test  condition  to  a  use  temperature  condition. 

Step  2.  Calculate  Acceleration  Factor  and  Extrapolate 
Equivalent  Failure  Rate  to  +55°C. 

A/  =  Acceleration  Factor 


A/=  eK^T'  & 


A/=  e1 
A/=  2791 


r , «  ¥  IS) 

1 0.0000863  J 1 328    423  J 
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Where: 

Ea  =  Activation  Energy  (Assume  1 .0  eV) 

K  =  Boltzmann's  Constant  =  8.63  X  10"5  eV/°Kelvin 

T2  =  Test  Condition  Temperature  in  "Kelvin 

Ti  =  Use  Condition  Temperature  in  "Kelvin 

e  =  2.71828  (Natural  Antilog) 

Now  the  equivalent  failure  rate  is  calculated: 

Failure  Rate  at  Test  Condition 


FailureRate(+55°C) 


11,900  FITS 
2791 

4.2637  FITS 


Reliability  Datapack 

On  a  quarterly  basis,  the  reliability  department  compiles  and 
publishesa  report  which  summarizes  all  the  reliability  testing 
results.  This  report  is  intended  to  provide  our  customers 
with  a  means  of  determining  system  reliability.  The  data  is 
presented  at  +150°C  and  at  +125°C  for  those  customers 
who  wish  to  perform  their  own  failure  rate  calculations.  This 
report  can  be  found  in  the  pocket  in  the  back  of  this  brochure. 

In  addition,  up  to  the  minute  reliability  summary  data  reports 
on  particular  devices  can  be  generated  from  the  computerized 
reliability  database.  ESD  simulation  testing  reports  and 
current  density  calculations  of  individual  device  types  are 
also  available  upon  request. 

Should  you  desire  additional  information,  please  contact 
your  local  LTC  representative. 


Finally  MTBF  is  calculated: 


MTBF  = 


100000      234,700,000  Hours 


0.000426     or  26,778  Years. 
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Table  1.  "R"  Flow  for  Plastic  Dual-ln-Line  Packages 


CURE 
6  hr  at  +175X 


IN 

PROCESS 
OA 


TEMP  CYCLE 

5  Cycles 
0Xto*150X 


OUTGOING 
OA 

(Offshore) 

T 


INCOMING 
OA 

(Onshore) 
T 


1st25X 
ELECT  TEST 

Full  Para  AC/DC 


BURN-IN 

+150Xfor  30  hrs 
(Equivalent  to  160  hrs  at 
125X  forEa  =  1.0eV) 


2nd  +25X 
ELECT  TEST 

Full  Para  AC/DC 
PDA  10% 


MARK 

IN  PROCESS  QA 
Mark  Permanency 

T 


IN  PROCESS  QA 

Solderability 
Test 


3  TEMP  ELECT  QA 

OX,  +25X,  70X 


i 

PACK  I 


OUTGOING 
QA 


|  SHIP  | 


Table  2.  Screening  Flow  per  Mil-Std-883.  Method  5004 


INTERNAL  VISUAL 

Method  2010 
Condition  B 
100% 


STABILIZATION  BAKE 

Method  1008 
Condition  C 
100% 


TEMPERATURE 
CYCLING 

Method  1010 
Condition  C 
10  Cycles 
-65Xto  *150X 
100% 


CONSTANT 
ACCELERATION 

Method  2001 
Condition  E 
30K  G  s  Y1  Axis 
(TO-3  Pkg  at  20K  G  s) 
100% 


FINE  LEAK 

Method  1014 
Condition  A 
100% 


GROSS  LEAK 

Method  1014 
Condition  C 
100% 


BURN-IN 

Method  1015 
160  hrs  at  125X 
(or  Equivalent) 
100% 


FINAL  ELECTRICAL 

+25X  DC  (per  LTC 
Data  Sheet) 
PDA  =  5% 
+125°Cor+150XDC 
-55X  DC 
+25X  AC 
100% 


QA  ACCEPTANCE 

Method  5005 

Group  A  (Sample/Lot) 

Group  B  (Sample/Lot) 

Group  C  (Sample 
Every  3  Months  per 
Generic  Group) 

Group  D  (Sample 
Every  6  Months  per 
Package  Type) 
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Table  3.  Reliability  Qualification  Test  Guidelines  for  Plastic  Packages 


TEST 

METHOD 

| 

j  FOIL 
j  RELEASE 

CONDITIONS  DURATION 

mm 

RfcLE  •  E 
DURA,  ON 

FULL  AND 
CONTI. 
RELEASE 
LTPD 

High  Temperature  Bias 
Operating  Life  (Op-Life) 

Mil-Std-883 
Method  1005 

Continuous  Operation  at  Max  Rated 
Supply  Voltage 

TA  =  +125°Cor 

TA  =  +150°C 

1000  Hours 
500  Hours 

500  Hours 
168  Hours 

5%,  Acc  =  0 
5%,  Acc  =  0 

Temperature  Humidity 
Bias  Life  (85/85) 

JEDEC  Spec  22 

Continuous  Operation  at  Max  Rated 
Supply  Voltage,  Min  Supply  Current 

I A  —  +00  u,  00  /o  tin 

1000  Hours 

500  Hours 

5%,  Acc  =  0 

Highly  Accelerated  Stress 
Test  (HAST) 

JEDEC  Spec  22 

Continuous  Operation  at  Max  Rated 
Supply  Voltage,  Min  Supply  Current 
iA  =  +  I4U  o,  oo  h  nn,  6  Aimospneres 

Equivalent  to 
1000  Hours 

00/00 

Equivalent  to 
500  Hours 
85/85 

5%,  Acc  =  0 

Temperature  Cycle  (T/C) 

Mil-Std-883 
Method  1010 
Condition  C 

Air-to-Air,  -65°C  to +150°C, 
>10  Minutes  Dwell  Time 

1000  Cycles 

500  Cycles 

5%,  Acc  =  0 

Thermal  Shock  (T/S) 

Mil-Std-883 
Method  1011 
Condition  C 

Liquid-to-Liquid,  -65°C  to  +125°C, 
>  5  Minutes  Dwell  Time 

1000  Cycles 

500  Cycles 

5%,  Acc  =  0 

Autoclave  (Pressure  Pot 
with  Bias)  (BPPT) 

JEDEC  Spec  22 

Continuous  Storage  at  TA  =  +1 05°C, 
1 00%  RH,  1 .67  Atmospheres,  Max  Rated 
Supply  Voltage  for  the  Last  3  Hours 

350  Hours 

350  Hours 

5%,  Acc  =  0 

Autoclave  (Pressure  Pot 

Mfithnnt  Riac\  /DPT\ 
WllNOUl  Didi>)  \rr  1 } 

JEDEC  Spec  22 

Continuous  Storage  at  TA  =  +121°C, 
100%  RH,  2  Atmospheres 

350  Hours 

350  Hours 

5%,  Acc  =  0 

Power  Cycle  (PW) 
Regulators  Only 

Mil-Std-883 
Method  1006 

Power  Cycled  "ON"  and  "OFF"  as 
Required  to  Cycle  Case  Temperature 
Between  +60-C  and  +120°C 

50,000  Cycles 

10,000  Cycles 

15%,  Acc  =  0 

Thermal  Resistance 
(TMLR) 

Mil-Std-883 
Method  1012 
Condition  C 

Junction  to  Case  or  Junction  to 
Ambient  as  Appropriate 

fSt/A 

N/A 

15%,  Acc  =  0 

Dye  Penetrant  (DY) 

Mil-Std-883 
Method  1014 

Immersion  in  Dye  Penetrant  at  60  PSIG 
for  2  Hours  Minimum 

N/A 

N/A 

15%,  Acc  =  0 

X-Ray  Inspection 
Radiography  (XRAY) 

Mil-Std-883 
Method  2012 

Top  View  Only 

N/A 

N/A 

15%,  Acc  =  0 
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Table  4.  Quick  Reaction  Reliability  (QR2)  Monitor  Program 


tcct                        MFTHOD  CONDITIONS 

TEST 
DURATION 

Mil-Std-883 
Method  1005 

Continuous  Operation  at  Max  Rated 
Supply  Voltage,  TA  =  +125°C  or 
TA  =  +150°C 

168  Hours 

45 

5%,  Acc  =  0 

Biased  Moisture  Life  Test 
(85/85) 

or 

JEDEC  Spec  22 

Continuous  Operation  at  Max  Rated 
Supply  Voltage,  Min  Supply  Current, 
TA  =  +85°C,  85%  RH 

168  Hours 

45 

5%,  Acc  =  0 

Highly  Accelerated  Stress 
Test  (HAST) 

JEDEC  Spec  22 

Continuous  Operation  at  Max  Rated 
Supply  Voltage,  Min  Supply  Current, 
TA  =  +140°C,  85%  RH,  3  Atmospheres 

48  Hours 

45 

5%,  Acc  =  0 

Temperature  Cycle  (T/C) 

Mil-Std-883 
Method  1010 
Condition  C 

Air-to-Air,-65°C  to+150°C, 
>10  Minutes  Dwell  Time 

1 00  Cycles 

45 

5%,  Acc  =  0 

Thermal  Shock  (T/S) 

Mil-Std-883 
Method  1011 
Condition  B 

Liquid-to-Liquid,  -65°C  to  +150°C, 
>5  Minutes  Dwell  Time 

100  Cycles 

45 

5%,  Acc  =  0 

Autoclave  (Pressure  Pot 
without  Bias)  (PPT) 

JEDEC  Spec  22 

Continuous  Storage  at  TA  =  +121°C, 
100%  RH,  2  Atmospheres 

48  Hours 

45 

5%,  Acc  =  0 

X-Ray  Inspection 
Radiography  (XRAY) 

Mil-Std-883 
Method  2012 

Top  View  Only 

N/A 

45 

5%,  Acc  =  0 

Package  Separation 
Visual  Inspection 

N/A 

30X  Magnification 

N/A 

45 

5%,  Acc  =  0 

Unmolded  Strip 
Evaluation 

N/A 

30X  Magnification 

N/A 

1  Strip 

N/A 

Hot  Intermittent  Opens 
Test  at  Subcontractor 

N/A 

Automated  Electrical  Test  at  +125°C 

N/A 

250 

N/A 

Table  5.  Long  Term  Reliability  Monitor  Program 


TEST 

CONDITIONS 

TEST 

SAMPLE 

accPn6. 

Operating  Life  Test 
(Op-Life) 

Mil-Std-883 
Method  1005 

Continuous  Operation  at  Max  Rated 
Supply  Voltage,  TA  =  +125°C  or 
TA  =  +150°C 

1000  Hours 

45 

5%,  Acc  =  0 

Biased  Moisture  Life  Test 
(85/85) 

or 

JEDEC  Spec  22 

Continuous  Operation  at  Max  Rated 
Supply  Voltage,  Min  Supply  Current, 
TA  =  +85°C,  85%  RH 

1000  Hours 

45 

5%,  Acc  =  0 

Highly  Accelerated  Stress 
Test  (HAST) 

JEDEC  Spec  22 

Continuous  Operation  at  Max  Rated 
Supply  Voltage,  Min  Supply  Current, 
TA  =  +140°C,  85%  RH,  3  Atmospheres 

48  Hours 

45 

5%,  Acc  =  0 

Temperature  Cycle  (T/C) 

Mil-Std-883 
Method  1010 
Condition  C 

Air-to-Air, -65°C  to  +150°C, 
>10  Minutes  Dwell  Time 

1000  Cycles 

45 

5%,  Acc  =  0 

Thermal  Shock  (T/S) 

Mil-Std-883 
Method  1011 
Condition  B 

Liquid-to-Liquid,  -65°C  to  +150°C, 
>5  Minutes  Dwell  Time 

1000  Cycles 

45 

5%,  Acc  =  0 

Autoclave  (Pressure  Pot 
without  Bias)  (PPT) 

JEDEC  Spec  22 

Continuous  Storage  at  TA  =  +1 21  °C, 
100%  RH,  2  Atmospheres 

1000  Hours 

45 

5%,  Acc  =  0 
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Table  6.  Group  C  per  Mil-Std-883C  Method  5005 


Group  C-1 
Operating  Life  Test 
(Op-Life) 

Mil-Std-883 
Method  1005 

Continuous  Operation  at  Max  Rated 
Supply  Voltage 

TA  =  +125°Cor 

TA  =  +150°C 

1000  Hours 
500  Hours 

45 

5%,  Acc  =  0 

Table  7.  Group  D  per  Mil-Std-883C  Method  5005 

TEST  METHOD 

CONDITIONS  DU^ON 

Group  D-1 

Physical  Dimensions 

Mil-Std-883 
Method  2016 

N/A 

N/A 

15 

15%,  Acc  =  0 

Group  D-2 
Lead  Integrity 

Mil-Std-883 
Method  2004 

Condition  B2  (Lead  Fatigue) 

N/A 

15 

15%,  Acc  =  0 

Group  D-3 
Thermal  Shock 
Temperature  Cycle 
Moisture  Resistance 
Hermeticity 
Visual  Exam 
End  Point  Electricals 

Mil-Std-883 
Method  1011 
Method  1010 
Method  1004 
Method  1014 
Method  1004/10 

Condition  B 
Condition  C 

15  Cycles 
100  Cycles 

15 

15%,  Acc  =  0 

Group  D-4 

Mechanical  Shock 

Vib.  Variable  Frequency 

Constant  Acceleration 

Hermeticity 

Visual  Exam 

End  Point  Electricals 

Mil-Std-883 
Method  2002 
Method  2007 
Method  2001 
Method  1014 
Method  1010/11 

Condition  B 
Condition  A 
Condition  E  (Y1  Only) 

N/A 

15 

15%,  Acc  =  0 

Group  D-5 
Salt  Atmosphere 
Hermeticity 
Visual  Exam 

Mil-Std-883 
Method  1009 
Method  1014 
Method  1009 

Condition  A 

24  Hours 

15 

15%,  Acc  =  0 

Group  D-6 

Internal  Water  Vapor 

Mil-Std-883 
Method  1018 

<  5000ppm 

N/A 

3 

0 

Group  D-7 

Adhesion  of  Lead  Finish 

Mil-Std-883 
Method  2025 

N/A 

N/A 

15 

15%,  Acc  =  0 

Group  D-8 
Lid  Torque 

Mil-Std-883 
Method  2024 

(Glass  Frit  Seal  Only) 

N/A 

5 

15%,  Acc  =  0 

xtuiks 
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QUALITY  ASSURANCE  PROGRAM 


At  LinearTechnology  Corporation  our  overriding  commit- 
ment is  to  achieve  Excellence  in  Quality,  Reliability  and 
Service  (QRS)  and  total  customer  satisfaction.  We  inter- 
pret the  word  "excellence"  to  mean  delivering  products 
that  consistently  exceed  all  the  requirements  and  expecta- 
tions of  our  customers.  The  commitment  to  QRS  extends 
from  the  President  to  every  employee,  from  design  to 
product  qualification,  and  from  manufacturing  to  ship- 
ping. To  meet  this  commitment,  LinearTechnology  has 
established  a  comprehensive  program  called  "Quality  for 
the  Nineties." 

This  program  is  divided  into  four  separate,  but  highly 
interrelated  programs,  namely  Quality  Environment,  Total 
Quality  Management  System  (TQMS),  Vendor  Participa- 
tion, and  Focus  for  the  Nineties. 

Quality  Environment 

This  first  program,  Quality  Environment,  serves  as  the 
building  block  for  three  other  programs.  It  entails 
establishing  an  environment  that  is  conductive  to  the 
participation  of  each  and  every  employee  in  helping  to 
build  quality  into  our  products.  This  program  encourages 
every  employee  to  identify  any  quality  problem  and 
participate  in  recommending  solutions. 


A  comprehensive  operator  training  and  certification 
program  has  been  established  that  covers  every  area  of 
manufacturing  from  incoming  raw  material  inspection, 
waferfabrication,  assembly,  and  testto  shipping.  Emphasis 
is  placed  on  compliance  with  specifications,  performance 
to  quality  goals,  electrostatic  discharge  damage  (ESD) 
awareness  and  controls,  encouraging  operators  to  think 
quality  and  recommend  quality  improvement  ideas. 

To  ensure  compliance  with  specifications,  a  Quality  Audit 
Team  performs  a  systems  audit  of  key  manufacturing 
areas  and  suppliers  at  periodic  intervals.  Compliance  with 
process  specifications  and  the  detailed  programs  of 
the  Corporate  Quality  Assurance  Policy  are  verified,  and 
discrepancies  reported  for  quick  resolution  with  special 
emphasis  to  eliminate  recurring  problems.  The  perfor- 
mance of  each  area  is  then  rated,  providing  a  strong 
incentive  for  each  area  to  excel. 

With  the  philosophy  that  each  department,  starting  from 
incoming  raw  materials,  is  considered  a  customer  of  the 
preceding  department,  every  effort  is  made  by  working 
closely  together  to  meet  or  exceed  our  end-customer 
requirements  and  goals. 


Quality  for  the  '90s 


Systems  Quality  Audit-Tracking  Recurring  Problems 


\  / 

5    6    7    8    9   10  11  12 
PERIOD 
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Total  Quality  Management  System  (TQMS) 

The  second  program  starts  with  the  incorporation  of 
innovative,  but  conservative,  design  and  layout  rules  to 
achieve  the  best  performance  without  sacrificing  quality 
and  reliability.  During  the  design  and  development  cycle, 
Design,  Product,  Package,  Manufacturing,  Quality  and 
Reliability  Engineering  groups  participate  in  design  re- 
views to  ensure  that  all  program  aspects  are  covered; 
ranging  from  product  performance  objectives  to  ensuring 
reproducibility  and  repeatability  in  wafer  fabrication  and 
assembly.  Special  emphasis  is  placed  on  devising  input 
protection  circuitry  to  minimize  susceptibility  to  voltage 
spikes  and  ESD,  optimizing  thermal  layout  to  minimize 
parametric  drift,  and  optimizing  bond  pad  layout  to  maxi- 
mize assembly  and  electrical  test  yields,  at  the  same  time 
allowing  the  die  to  be  assembled  in  a  wide  selection  of 
packages. 

Once  the  design  is  approved,  a  stringent  manufacturing 
qualification  test  plan  is  conducted  on  the  initial  engineer- 
ing runs.  The  test  plan  is  selected  to  bring  out  any 
weaknesses  in  the  design  and  any  manufacturability  prob- 
lems, and  includes  reliability  stress  tests  such  as  high 

Raw  Material  Controls 


VENDOR  QUALIFICATION- 
MINIMUM  3  MANUFACTURING  LOTS 


QUALIFIED  VENDOR  LIST- 
ADDITION  OF  NEWLY  QUALIFIED  VENDOR  TO  LIST 


STRINGENT  INCOMING  INSPECTION  ON  EVERY  LOT: 

•  DIMENSIONAL 

•  VISUAL  EXAMINATION 

•  FUNCTIONAL  TESTING  TO  SIMULATE  ACTUAL 
MANUFACTURING  CONDITIONS 

•  PLATING  THICKNESS  MEASUREMENTS 

•  COMPOSITIONAL  ANALYSIS 

•  CHEMICAL  ANALYSIS  FOR  CONTAMINANTS 

•  SPC  ON  CRITICAL  PARAMETERS 


ACCEPT-RELEASE  TO 
RAW  MATERIAL  STORES 


REJECT-VENDOR 
CORRECTIVE  ACTION 


VENDOR  PERFORMANCE  TRACKING- 
TO  DETERMINE  VENDOR  QUALIFICATION/ 
DISQUALIFICATION  STATUS 


temperature  operational  life  and  high  temperature  humid- 
ity bias  85°C/85%  RH  and  HAST  (Highly  Accelerated 
Stress  Testing)  for  plastic  packages,  and  MIL-STD-883 
method  5005  qualification  testing  for  hermetic  packages. 
Product  performance  on  these  tests  must  be  equal  to  or 
betterthan  similar  products  within  the  same  generic  group 
to  be  considered  qualified.  Major  design,  package,  mate- 
rial and  process  changes  are  also  subjected  to  these  same 
stringent  qualification  requirements.  In  addition  to  achiev- 
ing the  required  reliability  performance,  an  engineering 
change  must  also  achieve  manufacturing  yield  and  quality 
performance  levels  equal  to  or  better  than  the  original 
product  to  be  considered  qualified. 

In  manufacturing,  process  controls  start  with  vendor 
qualification  on  raw  material  piece  parts.  A  Qualified 
Vendor  List  is  maintained  and  performance  of  each  vendor 
is  continuously  monitored  on  a  Vendor  Rating  Program.  A 
dimensional,  visual,  functional  and,  where  applicable, 
compositional  analysis  is  performed  on  each  direct  raw 
material  lot.  Automated  state-of-the-art  wafer  fabrication, 
assembly  and  test  equipment,  cassette-to-cassette  han- 
dling in  wafer  fabrication  and  automated  handling  in 
assembly  are  utilized,  where  possible,  to  maintain  manu- 
facturing consistency  and  quality.  Only  fully  trained  and 
certified  operators  are  allowed  to  work  on  production 
material. 

Stringent  process  controls,  typically  beyond  industry  stan- 
dards, are  established  for  each  critical  manufacturing  step 
in  wafer  fabrication,  wafer  test,  assembly,  package  finish- 
ing, mark  and  pack  and  shipping  as  depicted  in  the  Wafer 
Fabrication,  Assembly  and  Test/End  of  Line  flowcharts. 


of  Metallization  Quality 


VENDOR  SELECTION- 
FOR  THE  PREFERRED  VENDOR  LISTING 
AND  SHIP-TO-STOCK  PROGRAM 
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The  process  controls  include  monitors  of  critical  assembly 
processes  and  lot  acceptance  inspection  for  operations 
requiring  100%  production  inspection.  Preseal  visual 
inspection  is  performed  per  MIL-STD-883  Method 
2010  Test  Condition  B.  Statistical  process  control 
techniquesare  employed  in  optimizing  process  parameters, 
and  monitoring  process  performance  through  the  use  of 
control  charts  with  action  limits  and  upper  and  lower 
control  limits,  and  in  parametric  distribution  analysis  at 
electrical  test. 

Electrical  quality  is  guaranteed  by  conservative  guard- 
banding  on  production  test  programs  of  a  minimum  of 
three  machine  guardbands,  by  using  state-of-the-art  test 
equipment  and  0.04%  AQL  for  lot  acceptance  testing  at 
25°C  for  all  military  and  commercial  lots.  Additional  tests, 
like  rack  burn-in,  beyond  the  data  sheet  specifications  on 
regulator  products  are  performed  by  exercising  the  parts 
in  a  thermal  shutdown  mode.  These  tests  are  incorporated 
into  the  test  flow  to  improve  reliability  and  weed  out  infant 
mortality  failures.  Visual  and  mechanical  quality  is  opti- 
mized by  minimizing  handling  of  parts  in  assembly,  test 
and  end  of  line  operations.  Lead  finish  processes  have 
been  selected  that  minimize  solderability  problems  and  all 
lots  are  subjected  to  a  stringent  major  visual/mechanical 
inspection.  Administrative  errors  due  to  mixed  and  wrong 


Actual  X  and  R  Chart  ot  Aluminum  Sputter  Deposition  Using 
Sensor  Number  Control 
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parts  are  minimized  by  strictly  adhering  to  a  one  lot  per 
station  policy,  and  double  checking  orders  at  order  entry 
and  shipping.  Before  shipment  of  a  lot  to  the  customer 
each  lot  is  inspected  to  ensure  that  it  meets  internal  and 
customerspecificationsand  purchase  order  requirements. 
The  level  of  attention  paid  to  each  unit  is  demonstrated  by 
the  fact  that  each  unit  is  traceable  to  the  wafer  fabrication 
lot  number  via  a  side  or  back  mark  on  both  883  and 
commercial  products  on  all  packages,  except  where  there 
is  a  physical  constraint. 

Through  the  use  of  automated  equipment,  strict  process 
controls  (utilizing  proven  statistical  process  control  tech- 
niques), periodic  systems  and  quality  audits  (conducted 
by  the  Quality  Audit  Team),  stringent  facilities  and  envi- 
ronmental controls  and  monitors,  Linear  Technology  is 
able  to  ensure  quality  is  built  into  the  product  and  to 
guarantee  a  consistently  high  quality  level. 

The  manufacturing  quality  controls  are  complimented  by 
a  reliability  audit  program  designed  to  weed  out  design, 
fabrication,  packaging  and  assembly  deficiencies. 
Additionally,  controls  are  supported  by  a  comprehensive 
failure  analysis  and  corrective  action  program  designed  to 
provide  timely  feedbackof  findings  to  all  operating  groups 
for  resolution.  The  analysis  of  customer  returns,  and 
corrective  action  taken,  completes  the  closed  loop  of  our 
Total  Quality  Management  System. 

Military  and  Commerical  Products  Share  the  Same  Stringent 
Inspections  and  Controls 

•  WAFER  FABRICATION  PROCESS  CONTROLS  AND  CLASS  100  PROCESSING. 

•  REGULAR  SEM  MONITORS. 

•  PRE-SEAL  VISUAL  INSPECTION  PER  MIL-STD-883  METHOD  2010.  TEST  CONDITION  B. 

•  DIE  SHEAR  TEST  PER  MIL-STD-883  METHOD  2019. 

•  BOND  PULL  TEST  PER  MIL-STD-883  METHOD  2011. 

•  SOLDERABILITY  TEST  PER  MIL-STD-883  METHOD  2003. 

•  MARK  PERMANENCY  TEST  PER  MIL-STD-883  METHOD  2015. 

•  HERMETICITY  TESTING  PER  MIL-STD-883  METHOD  1014. 

•  OA  ELECTRICAL  TEST  TO  0.04%  AQL  AT  25°C.  AND  TEMPERATURE  TESTING. 

•  EXTERNAL  VISUAL  PER  MIL-STD-883  METHOD  2009. 
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QUALITY  ASSURANCE  PROGRAM 


Bond  Strength  Histogram 


3         4         5         6  7 


10       11       12       13       14       15       16       17  18 
BOND  STRENGTH  (GRAMS) 


Failure  Analysis  Photomicrographs 
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QUALITY  ASSURANCE  PROGRAM 


Vendor  Participation 

The  requirements  of  high  quality  raw  materials  for  inte- 
grated circuit  manufacture  range  from  ppb  (parts  per 
billion)  impurity  levels  for  electronic  grade  chemicals  to 
ppm  (parts  per  million)  defective  levels  for  lead  frame 
packaging  materials.  It  is  not  only  essential,  but  critical  for 
the  semiconductor  manufacturer  to  work  closely  with 
their  vendors  to  attain  the  high  quality  levels  needed  in  raw 
materials.  At  Linear  Technology,  a  program  has  been 
established  and  implemented  to  allow  vendor  participa- 
tion in  formulating  specifications  and  establishing 
percentage  defective  and  lot  rejection  rate  goals.  This 
vendor  participation  ensures  that  the  direct  and  raw 
material  quality  levels  received  are  consistent  with  our 
manufacturing  and  end-product  quality  goals.  Clearly, 
achieving  optimum  quality  product  requires  the  use  of  the 
best  possible  materials  available  and  with  continuous 
communication  and  feedback  from  our  vendors  to  im- 
prove in  this  key  area.  A  Preferred  Vendor  Program  helps 
to  drive  vendors  to  manufacturing  excellence. 

Focus  for  the  '90s 

The  following  key  quality  improvements  programs  have 
been  established  to  meet  the  quality  requirements  of 
the  '90s. 

PPM  Goals 

As  demand  for  quality  semiconductor  components  be- 
comes increasingly  more  stringent,  the  percentage  goals 
from  the  1970s  have  given  way  to  ppm  goals  in  the  '80s 
and  '90s.  At  Linear  Technology,  ppm  quality  goals  are 
established  for  every  major  operation,  from  incoming 
inspection  to  customer  returns.  Performance  to  goals  is 
reviewed  quarterly  and,  where  goals  are  not  met,  quality 
improvement  programs  are  defined  and  implemented. 
Quality  goals  are  updated  and  tightened  on  an  annual 
basis,  and  quality  programs  are  redefined  to  achieve  the 
new  goals  established.  One  of  the  early  benefits  of  this 
program  is  demonstrated  by  the  excellent  average  outgo- 
ing electrical  quality  (AOQ). 


Statistical  Process  Control  (SPC) 

The  increased  reliance  on  automated  manufacturing  and 
test  equipment  underlines  the  need  for  strict  process 
control  techniques.  SPC  is  a  valuable  tool  and,  at  Linear 
Technology,  we  realize  the  importance  of  these  methods. 
Engineering  analysis  is  performed  regularly,  using  SPC 
techniques  to  establish  the  process  capability.  Various 
variable  and  attribute  control  charts  are  used  to  ensure 
that  processes  are  within  normal  limits  and  action  and 
shutdown  limits  are  established  for  critical  operations. 
The  process  capability  of  key  processes  are  calculated 
using  the  Cpk  capability  index  on  an  ongoing  basis  to 
ensure  a  program  for  continuous  quality  improvement. 


Actual  Normalized  X  and  Moving  R  Chart  of  Epitaxial  Growth 
Reactor  Controlling  Resistivity  and  Deposition  Rate 
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QUALITY  ASSURANCE  PROGRAM 


ESD  Control 

A  comprehensive  ESD  control  program  has  been 
established  which  encompasses  design,  handling,  testing, 
storage,  and  final  packaging  for  shipment.  The  program 
includes  the  use  of  grounded  table  tops,  floor  mats,  wrist 
straps  and  heel  straps,  topical  antistatic  treatment  of  floor 
coverings,  banning  of  static  bearing  materials  from  the 
manufacturing  environment,  ionizers,  and  use  of 
conductive  or  antistatic  materials  for  handling  and  final 
packaging.  Areas  where  ESD  control  must  be  enforced 
are  designated  as  ESD  Protected  areas.  ESD  awareness 
training  programs  helpto  increase  the  operator's  awareness 
for  successful  implementation  of  this  program.  Every 
effort  is  made  to  stamp  out  this  silent  chip  killer.  The 
benefits  of  this  program  are  improved  quality  and  reliability 
to  the  customer. 

Quality  System  Surveys  MIL-Q-9858  and  MIL-l-45208  Approval 
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Based  on  the  foregoing  quality  programs,  Linear 
Technology  Corporation  is  positioned  to  continu- 
ously improve  our  product  quality  and  exceed  the 
demands  of  our  customer  in  the  '90s  and  beyond. 


Customer  Ship-To-Stock  Program 

Linear  Technology  is  working  hand-in-hand  with  custom- 
ers to  consistently  supply  high  quality  products  to  achieve 
a  ship-to-stock  program  by  eliminating  the  need  to  do  an 
incoming  inspection.  We  recognize  the  benefits  to  our 
customers  of  a  ship-to-stock  program,  namely  savings  in 
the  need  to  purchase  and  maintain  incoming  test  equip- 
ment, savings  in  the  need  to  maintain  a  safety  stock  in  case 
of  incoming  lot  rejections,  and  reduction  in  board  failures 
and  re-work  costs  because  of  higher  component  quality. 


Ship-To-Stock  Program  Flow 


IF 

FAILURE 
RATE  IS 
EXCEEDED 


1100%  INCOMING  INSPECTION 


ESTABLISH  PPM  GOAL  WITH  CUSTOMER 


I  CUSTOMER  MEASURES  AID 
(AVERAGE  INCOMING  QUALITY) 


|  ELIMINATE  100%  INCOMING  INSPECTION  AND 
'  START  SHIP-TO-STOCK  WHEN  AIQsPPM  GOAL. 


|  LTC  PROVIDES  CUSTOMER  WITH  AOQ 
1  (AVERAGE  OUTGOING  QUALITY)  DATA. 


1  CUSTOMER  TRACKS  BOARD/SUBSYSTEM/SYSTEM 
'  TEST  DATA  ON  SHIP-TO-STOCK  PARTS. 


) CUSTOMER  TO  RETURN  FAILED  PARTS 
TO  LTC  FOR  FAILURE  ANALYSIS. 
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QUALITY  ASSURANCE  PROGRAM 


WAFER  FABRICATION  FLOWCHART 
Generic  Bipolar  Process 

Vendor:  Linear  Technology  Corporation 

Package:  Plastic  DIP 

Location  of  Wafer  Fab:  Linear  Technology  Corporation,  Milpitas,  CA 

Assembly:  Offshore 

Final  Test:  Linear  Technology  Corporation,  Milpitas,  CA,  or  Singapore 

Q.C.  Test:  Linear  Technology  Corporation,  Milpitas,  CA,  or  Singapore 


FLOWCHART 
INCOMING  FAB  REWORK 

PROCESS 
STEP 

DESCRIPTION 

INSPECTION/ 
TEST  CRITERIA 

METHOD  AND 
EQUIPMENT 

SAMPLING 
PLAN 

SPC 
TECHNIQUE 

\ 

■ 

7 

: 

Incoming  Raw 

Material 

Inspection 

Wafers 

Chemicals 
Gases 

Visual:  Scratches, 

Pits,  Haze,  Craters, 

Dimples, 

Contamination, 

Oxygen/Carbon 

Measurement 

Resistivity/ 

Conductivity 

Dimensional 

Thickness  and 

Taper/Bow 

Orientation 

C  of  C  Verification 

Against  "MPS" 

Requirements 

C  of  C  Verification 

Against  "MPS" 

Requirements 

Plus  Yearly 

Gas  Analysis 

1X  Inspection 

Infrared 

Spectrometer 

Magnetron 

V/l  Meter 

Calipers 

Dial  Thickness 

Gage 

Break  Test 

1.0%  AQLto 
2.5%  AQL  Level  1. 

S/S  =  2,  ACC  =  0 
S/S  =  2,  ACC  =  0 
2.5%  AQL,  Level  S1 

1  CO/     Am      1  mini  CI 

2.5%  AUL,  Level  bl 

S/S  =  1,  ACC  =  0 
Each  Batch 

Each  Batch 

%  LAR  Trend 
Chart  and  % 
Defective  Trend 
Chart 

Initial 
Oxidation 

Oxidation 
Furnace 

Visual 

UV  Lamp  (100%) 
20X  Microscope 

2  Wafers/Run 
<2  Defects  Per 
Field  of  View 

Logbook 

Oxide  Thickness 

Nanospec 

3  Wafers/Cycle 

Collector 
Mask 

Resist  Mask 
HF  Etchant  Bath 

Final  Inspection 

Optical 

Microscope  100X 

"Z"  Pattern  Scan 
100%  of  the  Wafers 

Production 
Log 

Collector 
Implant 

Implant 

Logbook 

Collector 
Diffusion 

Oxidation  and 
Diffusion 

Furnace 

Visual 

UV  Lamp  (100%) 
20X  Microscope 

2  Wafers/Run 
<2  Defects  Per 
Field 

Logbook 

Oxide  Thickness 

Nanospec 

2  Wafers/Run 

R 

4  Point  Probe 

1  Test  Wafer/Run 

XJ 

Philtec  Groove 

1  Test  Wafer/ 
Cycle 

INCOMING 
^  QUALITY  INSPECTION  AND  GATE 
O  MANUFACTURING  PROCESS 
O  QUALITY  MONITOR/SURVEILLANCE 
□  REWORK 
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QUALITY  ASSURANCE  PROGRAM 


FLOWCHART 
INCOMING  FAB  REWORK 

PROCESS 
STEP 

DESCRIPTION 

INSPECTION/ 
TEST  CRITERIA 

METHOD  AND 
EQUIPMENT 

SAMPLING 
PLAN 

SPC 
TECHNIQUE 

t 

EPI 

Deposit  EPI 
Gemini  Reactor 

Visual 

UV  Lamp 

100%  for  EPI  Spike 
More  Than  5/WFR 
is  Reject 

Trend  Chart 

Interference 
Contrast  Microscope 

More  Than  1  Slip 
and  Stacking  Fault 
is  Reject 

R 

4  Point  Probe 

2  Reading/Pass 

X+RM 

EPI  Thickness 

Nicolet 

2  Reading/Pass 

Trend  Chart 

EPI  Re-Ox 

Oxidation 
Furnace 

Visual 

Oxide  Thickness 

UV  Lamp 

100% 

Logbook 

20X  Microscope 

2  Wafers/Run 
<2  Defects  Per 
Field  of  View 

Nanospec 

2  Wafers/Run 

J 

Isolation 
Mask 

Resist  Mask 
HF  Etchant 
Bath 

Final  Inspection 

Optical  Microscope 
100X 

"Z"  Pattern  Scan. 
100%  of  the  Wafers 

Production  Log 

r 

Isolation 
Predeposition 

Boron  Deposition 
Furnace 

Visual 

UV  Lamp 

100%  <10  Defects/ 
Wafer 

Trend  Chart 

20X  Microscope 

2  Wafers/Run 
<4  Defects  Per 
Field  of  View 

R 

4  Point  Probe 

2  Test  Wafers/Run 

c 

p— O 

Isolation 
Diffusion 

Diffusion 
Furnace 

Visual 

UV  Lamp 

100%  <10  Defects/ 
Wafer 

Logbook 

20X  Microscope 

2  Wafers/Run 
<2  Defects  Per 
Field  of  View 

R 

4  Point  Probe 

2  Test  Wafers/Run 

XJ 

Philtec  Groove 

1  Test  Chip/Run 

Production 
Logbook 

TOX 

Nanospec 

2  Product  Wafers/ 
Run 

Sinker  Mask 

Resist  Mask 
HF  Etchant 
tsatn 

Final  Inspection 

Optical  Microscope 
100X 

"Z"  Pattern  Scan. 
100%  of  the  Wafers 

Sinker 

Predeposition 

Deposition 
Furnace 

Visual 

UV  Lamp 

100%  <10  Defects/ 
water 

Trend  Chart 

R 

4  Point  Probe 

2  Test  Wafers/Run 

Sinker 
Diffusion 

Diffusion 
Furnace 

Visual 

UV  Lamp 

100% 

Logbook 

20X  Microscope 

<3  Defects  Per 
Field  of  View 

R 

4  Point  Probe 

2  Test  Wafers/Run 

TOX 

Nanospec 

2  Test  Wafers/Run 

Base  Mask 

Resist  Mask 
HF  Etchant  Bath 

Final  Inspection 

Optical  Microscope 
100X 

"Z"  Pattern  Scan. 
100%  of  the  Wafers 

Production  Log 

ISO  Diode 
Check 

Curve  Tracer 
BVCSO 

BVCSO 

Curve  Tracer 

4  Wafers/Run 

>1  Per  12  Readings 

is  Fail 

Logbook 
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FLOWCHART 
INCOMING  FAB  REWORK 

PROCESS 
STEP 

DESCRIPTION 

INSPECTION/ 
TEST  CRITERIA 

METHOD  AND 
EQUIPMENT 

SAMPLING 
PLAN 

SPC 
TECHNIQUE 

r3 

Base 

Predeposition 

Deposition 
Furnace 

Visual 

UV  Lamp 

100%  <10  Defects/ 
Wafer 

Trend  Chart 

20X  Microscope 

2  Wafers/Run 
<4  Defects  Per 
Field  of  View 

R 

4  Point  Probe 

2  Test  Wafers/Run 

X  +  R 

"..;< 

Base  Diffusion 

Diffusion 
Furnace 

Visual 

UV  Lamp 

100%  <10  Defects 
Per  Wafer 

Trend  Chart 

20X  Microscope 

2  Wafers  Per  Run 
<4  Defects  Per 
Field  of  View 

R                   |  4  Point  Probe        |  2  Test  Wafers/Run 

TOX 

Nanospec 

2  Product  Wafers 
Per  Run 

Emitter  Mask 

Resist  Mask 
HF  Etchant  Bath 

Final  Incnprtinn 

100X 

"7"  Pattern  ^ran 
L   rdllcl  11  oLdll. 

100%  of  the  Wafers 

Production  Log 

CB  Diode 
Check 

Curve  Tracer 

RVPRfl 

D  v  ODU 

Pnn/P  Trappr 

<-1  Hi  it  nf  1fi 

v  I   UUL  Ul    I  U 

Readings  is  Fail 

Logbook 

Emitter 
Diffusion 

Deposition 
Furnace 

R 

4  Point  Probe 

2  Test  Chip/Cycle 

Logbook 

Rota/I  V 

Curve  Tracer 

O  Qitar  Dor  \Mifar 

o  ones  rer  water 
Every  Fourth  Wafer 
>2  Readings  Out 
of  Spec 

c 

X) 

Contact  Mask 

Resist  Mask 
HF  Etchant  Bath 

Final  Inspection 

Optical  Microscope 
100X 

"Z"  Pattern  Scan. 
100%  of  the  Wafers 

Production  Log 

Optical  Microscope 
1000X 

Critical  Dimension 
Measure.  2  Wafers 
Per  Run  Lot,  Accept 
on  0  Failures 

Trend  Chart 

Metal 
Deposition 

Deposition 
Sputter  Machine 

Visual 

UV  Lamp 

<5  Defects/Wafer 
100% 

Logbook 

1 

R  /Thickness 

4  Point  Probe 

2  Readings/Pass 

X  +  RM 

Metal  Mask 

Resist  Mask 
Etchant  Bath 

Final  Inspection 

Optical  Microscope 
200X 

"Z"  Pattern  Scan. 
100%  of  the  Wafers 

Production  Log 

Optical  Microscope 
1000X 

Critical  Dimension 
Measure.  2  Wafers 
Per  Run  Lot,  Accept 
on  0  Failures 

CD  Logbook 

Alloy 

Anneal  Furnace 

Visual 

UV  Lamp 

100%  <10  Defects/ 
Wafer 

Logbook 



Electrical  Test 

To  Evaluate 
Electrical 
Parameters 
LOMAC 

2  Wafers/Run 

Logbook 
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FLOWCHART 
INCOMING  FAB  REWORK 

PROCESS 
STEP 

DESCRIPTION 

INSPECTION/ 
TEST  CRITERIA 

METHOD  AND 
EQUIPMENT 

SAMPLING 
PLAN 

SPC 
TECHNIQUE 

LPOM 

Passivation 
LPCVD  Furnace 

Visual 

UV  Lamp 

100%,  >2  Color 
Changes  is  Fail 

Trend  Chart 

10X  Microscope 

3  Wafers/Cycle 
<3  Defects  Per 
Field  of  View 

TOX 

Nanospec 

3  Wafers/Cycle 

X  +  R 

Phosphorous 
Concentration 

10:1  HP  Etch  Rate 

3  Wafers/Cycle 

Trend  Chart 

( 

y-o 

PEN 

PECVD  Nitride 
Deposition 

Visual 

UV  Lamp 

100%,  >2  Color 
Changes  is  Fail 

Trend  Chart 

10X  Microscope 

t:  waters/nun,  o 
Defects  Per  Field  of 
View 

Thickness 

Nanospec 

3  Wafers/Cycle 

Index  of 
Refraction 

Ellipsometer 

3  Wafers/Cycle 

( 

Pad  Mask 

Resist  Mask 
RF  Plasma  Etch 
and  Oxide  Wet 
Etchant  Bath 

Final  Inspection 

Optical  Microscope 
100X 

"Z"  Pattern  Scan. 
100%  of  the  Wafers 

Prorinrtinn  I  nn 

Electrical  Test 

Evaluate 
Electrical 
Parameters 

100% 

Logbook 

Backlap 

Disco. 

N/A 

N/A 

N/A 

Logbook 

Backside 
Metai 

Backside 
Metallization 

Visual 

Un-Aided  Eye 

100% 

Logbook 

XTUH 
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ASSEMBLY  FLOWCHART 
Plastic  DIP 

Vendor:  Linear  Technology  Corporation 

Package:  Plastic  DIP 

Location  of  Wafer  Fab:  Linear  Technology  Corporation,  Milpitas,  CA 

Assembly:  Offshore 

Final  Test:  Linear  Technology  Corporation,  Milpitas,  CA,  or  Singapore 

Q.C.  Test:  Linear  Technology  Corporation,  Milpitas,  CA,  or  Singapore 


FLOWCHART 
INCOMING  ASSY  REWORK 

PROCESS 
STEP 

DESCRIPTION 

INSPECTION/ 
TEST  CRITERIA 

METHOD  AND 
EQUIPMENT 

SAMPLING 
PLAN 

SPC 
TECHNIQUE 

J 

b 

Wafer  Sort 

Wafer  Sort 
Monitor 

Electrical 
Test  Rejects 
are  Red  Inked 
Monitor  Probing 
and  2nd  Optical 
Quality 

Probe  Defects 
2nd  Optical 
Defects 

Wafer  Prober 

3X  to  75X 
Microscope 

Minimum  of  3 
Times  Per  Shift. 
S/S  =  1,ACC  =  0 

%  Defective 
Trend  Chart 

Kit  for 

Overseas 

Assembly 

Wafers  are 
Kitted  with 
LTC  Bonding 
Diagram  and 
LTC  Assembly 
Traveler 

Incoming 
Piece  Parts 
Inspection 

Lead  Frame 

Visual 

Mechanical 

Functional 
(Assembly  Process 
Simulation): 
Bond  Pull  Test 
Die  Shear  Test 

10X  to  30X 
Microscope 

Optical  Comparator, 
Calipers,  X-Ray 
Fluorescence 

1  %  AQL,  Level  2 

%  LAR  Trend 
Chart 

Incoming 
Piece/Parts 
Inspection 
(Continued) 

Molding 
Compound 

Bonding  Wire 
Wire 

Epoxy  Die 
Attach 

Spiral  Flow 
Moldability 

Tensile  Strength 

Elongation 
Bondability 

Spiral  Mold  Press 

Tensile  Strength 
Tester 

Bonder,  Bond  Pull 
Tester 

Die  Attacher, 
Die  Shear  Tester 

1  %  AQL,  Level  2 
8  Drums  for  Every 
Transfer 

S/S  =  1  to  5 
Spools  Depending 
on  Lot  Size, 
ACC  =  0 

S/S  =  20,  ACC  =  0 

%  LAR  Trend 
Chart 

%  LAR  Trend 
Chart  X  and  R 
Bond  STR  Chart 

%  LAR  Trend 
Chart 

^7  INCOMING 

£3  QUALITY  INSPECTION  AND  GATE 
O  MANUFACTURING  PROCESS 
O  QUALITY  MONITOR/SURVEILLANCE 
□  REWORK 
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FLOWCHART 
INCOMING  ASSY  REWORK 

PROCESS 
STEP 

DESCRIPTION 

INSPECTION/ 
TEST  CRITERIA 

METHOD  AND 
EQUIPMENT 

SAMPLING 
PLAN 

SPC 
TECHNIQUE 

; 

Wafer  Saw 

Wafer  Saw 
Monitor 

Die  Separation 

Alignment  Accuracy 

Saw  Quality 
Saw  Accuracy 

TV  Alignment 
Micro  Automation 
on  Disco  Saw  10X  to 
30X  Microscope 

10Xto30X 
Microscope 

Once  Every  2  Hours, 
S/S  =  1  Wafer, 
ACC  =  0 
S/S  =  25  Die, 
ACC  =  0 

%  Defective 
Trend  Chart 

( 

) 

2nd  Optical 
Inspection 

Die  Quality 

Die  Visual  Quality 

75X  Microscope 

Every  Lot  100% 
Basis 

%  LAR  and  % 
Unit  Defective 
Trend  Chart 
Yield  Analysis 

( 

HO 

Die  Attach 

Die  Attach 
Monitor 

Die  Bonded  to 
Lead  Frame 
with  Epoxy 

Visual  Quality 
Die  Shear  Test 

Auto  Die  Bonder 

10Xto30X 
Microscope 
Die  Shear  Tester 

4  Times  Per  Shift 
S/S  =  20,  ACC  =  0 
Per  Bonder 

%  Defective 
Trend  Chart. 
X  and  R  Die 
Shear  Strength 
Chart 

c 

HO 

Wire  Bond 

Wire  Bond 
Monitor 

Ball  Bonds 

Wire  Dress 
Bond  Pull 
Strength 

Auto  Thermosonic 
Ball  Bonder 

10Xto30X 
Microscope 
Bond  Pull  Tester 

4  Times  Per  Shift 
S/S  =  25,  ACC  =  0 

%  Defective 
Trend  Chart. 
X  and  R  Die 
Shear  Strength 
Trend  Chart 

( 

) 

100%  3rd 

Optical 

Inspection 

Check  for 
Workmanship 
Quality  Prior  to 
Molding 

Die,  Die  Bond,  Wire 
Bond  Visual  Quality 

30Xto60X 
Microscope 

Every  Lot  100% 
Basis 

Yield  Chart 

■A 

L 

OA  3rd 
Optical 
Inspection 

Assembly  Visual 
Quality 

30Xto60X 
Microscope 

Every  Lot 

LTPD  =  5% 

b/b  =  45,  ALL  =  0 

%  LAR  and  % 
Unit  Defective 

T-n_  J  OL„a 

Trend  Chart 

Mold 

Mold  Monitor 

Encapsulation 
with  Epoxy 
Novalac  B 
Composition 

Molding  Quality 

Visual:  Chip,  Void 
and  Cracks, 
Misalignment,  etc. 

Transfer  Mold 

30X  to  60X 
Microscope 

2  Times  Per  Shift 
Per  Mold  1  Shot, 
ACC  =  0 

%  LAR  Trend 
Chart 

Top  Mark 

Traceability 
Mark 

Visual  Quality 

Un-Aided  Eye 

S/S  =  15,  ACC  =  0 

Logbook 

—< 

Post  Mold 
Bake 

Mold  Bake 
Monitor 

Cure  Molding 
Compound 

Process 
Monitor 

Check  Oven 
Temperature 

Bakein+175°C 
Oven  for  6  Hours 

Mold  Cure  in  Oven 

Each  Oven  at  Start 
and  1  Time  Per  Shift 

%  Failed 
Monitor  Trend 
Chart 
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FLOWCHART 
INCOMING  ASSY  REWORK 

PROCESS 
STEP 

DESCRIPTION 

INSPECTION/ 
TEST  CRITERIA 

METHOD  AND 
EQUIPMENT 

SAMPLING 
PLAN 

SPC 
TECHNIQUE 

   1 

i 



r° 

Deflash 

Deflash 
Monitor 

Remove  Mold 
Flash  from 
Package 

Process 
Monitor 

L/F  and  Heatsink 
Must  be  Free  from 
Mold  Flash 

Visual:  Incomplete 
Deflash,  Package 
Damage 

7Xto  30X 
Microscope 

2  Strips  Every 
2  Hours,  ACC  =  0 

%  Unit 
Defective 
Trend  Chart 

Solder 
Plate 

Lead 
Finish 

Solder  Plate 
Inspection 

Solder  Plate 
Quality 

Coverage, 
Thickness,  Quality 

Un-Aided  Eye 

100% 

%  Defective 
Trend  Chart 

Solderability 
Test 

Solder  Plate 
Quality 

Minimum  95% 
Coverage 

3X  to  10X 
Microscope 

S/S  =  1 1 ,  ACC  =  0 

%  LAR  Chart 

Trim  and  Form 
Singulation 

Singulate  Unit 
and  Place  in 
Black 

nnnriurtivp 

Tube 

c 

X) 

Mark 

Mark  Monitor 

Date  Code  and 
Device  Marking 

Check  Marking 
Duality 

Visual:  Illegible 

Mark  Torrppt 

iviqi  r\,  uui  i  c\ji 

Mark,  Marking 
Permanency  Test 
(If  Ink  Marked) 

Offset  Marking  with 
Markem  7226  or 

I  a<;pr  Mark 

Un-Aided  Eye,  6 
InrhpQ  I  Inripr 

1  H  U 1  loo  U 1 IUO 1 

Normal  Room 
Lighting  Method 
2015  Mil-Std-883 

Every  Half  Hour, 
S/S  =  15  Units, 
ACC  -  0  Ppr 
Machine 

2  Times  Per  Shift 

Ppr  Marhinp 
r  ci  i  i/ia  ■,.  i  hi  ic 

S/S  =  20,  ACC  =  0 

%  Unit 

Dpfprti\/p  P  A 

Trend  Chart 

■i 

Final  Visual 
Inspection 

100%  Inspect 

Visual:  Bent  Leads, 
Mold  Flash,  Solder 
Quality,  etc. 

Un-Aided  Eye  to 
10X  Microscope 

Every  Lot  100% 
Basis 

%  LAR  and  % 
Unit  Defective 
P.A.  Trend 
Chart 

L 

Pack 

Packing  and 
Preparation  for 
Delivery 

Antistatic  Shipping 
Tube 

Ship  to 
LTC 
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EOL  FLOWCHART 
(End  of  Line) 

Vendor: 
Package: 

Location  of  Wafer  Fab: 
Assembly: 
Final  Test: 
Q.C.  Test: 


Linear  Technology  Corporation 
Plastic  DIP 

Linear  Technology  Corporation,  Milpitas,  CA 
Offshore 

Linear  Technology  Corporation,  Milpitas,  CA,  or  Singapore 
Linear  Technology  Corporation,  Milpitas,  CA,  or  Singapore 


INCOMING 
Q  QUALITY  INSPECTION  AND  GATE 
O  MANUFACTURING  PROCESS 
O  QUALITY  MONITOR/SURVEILLANCE 
□  REWORK 


FLOWCHART 

PROCESS 
STEP 

DESCRIPTION 

INSPECTION/ 
TEST  CRITERIA 

METHOD  AND 
EQUIPMENT 

SAMPLING 
PLAN 

SPC 
TECHNIQUE 

[ 

1 

LTC  Incoming 
Inspection 

Check  Quality 
of  Incoming 
Assembled 
Material 

Package  Dimension 

External  Visual 

Mark  Permanency 
(If  Ink  Mark) 

Solderability 

Die  Attach  Quality 
Lead  Fatigue  Test 

Optical  Comparator 
and  Calipers 

3Xto30X 
Microscope 

Mil-Std-883 
Method  2015 
Mil-Std-883 
Method  2003 

Pliers 

Lead  Fatigue  Tester 

S/S  =  2,  ACC  =  0 

S/S  =  76,  ACC  =  0 

S/S  =  4,  ACC  =  0 

S/S  =  3,  ACC  =  0 

S/S  =  5,  ACC  =  0 
S/S  =  10,  ACC  =  0 

%  LAR  Trend 
Chart 

100%  Class 
Test 

Electrical 
Test 

Test  to  Guardbanded 
Data  Sheet 
Test  Limits 

LTX  Integrated 
Circuit  Test 
System 

QA  Electrical 
Test  at  +25°C 

Electrical 
Quality 

Test  to  Guardbanded 
Data  Sheet 
Test  Limits 

LTX  Integrated 
Circuit  Test 
System 

S/S  =  125,  ACC  =  0 

PPM  Chart 

QA  Electrical 
Test  at  +70°C 
and  at  0°C 

Electrical 
Quality 

Test  to  Guardbanded 
Data  Sheet 
Test  Limits 

LTX  Integrated 
Circuit  Test 
System 

S/S  =  125,  ACC  =  3 
Skip  Lot 

PPM  Chart 

[ 

] 

100%  External 

Visual 

Inspection 

QA  Post  Pack 
Inspection 

Check  for 

Package 

Quality 

Package/ 
Pack  Quality 
Inspection 

Visual:  Bent  Leads, 
Lead  Form  Criteria, 
Mold  Voids/Cracks, 
etc. 

Verify  Correct  Top 
Mark,  Correct  Pack 
Method,  Correct 
Labeling,  External 
Visual  Inspection 

3X  Eyepiece 

3X  to  10X 

Microscope 

Inspection 

S/S  =  125,  ACC  =  0 

Yield  Chart 

%  LAR  and 
PPM  P.A. 
Chart 

[ 

] 

QA  Shipbench 
Inspection 

Plant 

Clearance 

Inspection 

Paperwork  Check, 
Verify  Correct  Part 
Number  and  Correct 
PAR  Count 

Un-Aided  Eye 
Inspection 

LTPD  =  2% 

S/S  =  116,  ACC  =  0 

%  LAR  Trend 
Chart 

c 

> 

Ship  to 
Customer 

uwm 
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R-FLOW 


Linear  Technology  R-Flow 

Reliability  has  been  a  key  focal  point  at  Linear  Technology 
Corporation  since  our  inception  in  1981.  Our  standard 
product  reliability  is  monitored  closely  and  we  have  gen- 
erated an  extensive  reliability  data  base  for  both  hermetic 
and  plastic  devices.  This  data  is  published  on  a  quarterly 
basis  and  we  are  seeing  very  low  reliability  failure  rates  in 
the  under  1  FIT  range  at55°C* 


*1  FIT  =  1  failure  in  1 09  device  hours. 


In  response  to  customer  requests,  we  have  added  an 
even  higher  level  of  reliability  screening  for  commercial 
hermetic  and  plastic  components.  LTC's  R-Flow  adds  an 
equivalent  1 60  hours  1 25°C  burn-in  to  the  standard  com- 
mercial process  flow.  Following  burn-in,  a  100%  room 
temperature  test  is  performed  and  a  10%  PDA  (Percent 
Defective  Allowed)  is  applied.  This  PDA  limit  affords  an 
additional  level  of  insurance  on  a  lot-by-lot  basis  and 
prevents  the  occasional  disparate  lot  from  being  shipped 
for  critical  applications.  The  additional  room  temperature 
insertion  also  decreases  the  probability  of  any  electrical 
defectives  in  the  R-Flow  lot. 


R-Flow  for  TO-5  and  CERDIP  Packages 


SEAL 

OUTGOING  QA 
(OFFSHORE) 

IN  PROC.  OA 
SOLDERABILITY 
TEST 

TEMP  CYCLE 
5  CYCLES 
-65°CTO150°C 

INCOMING  QA 
(ONSHORE) 

QA  ELECT 
+25°C,0.1%AQL 

IN  PROCESS  QA 
FINE/GROSS  LEAK 

1st  25DC  TEST 
FULL  PARA.  AC/DC 

QA  ELECT 
0°C,  70°C 
SKIP  LOT 

SOLDER  DIP  (H-PKG) 
OR 

TIN  PLATE  (J-PKG) 

BURN-IN 
150°CFOR30HRS. 
(EQUIV.  TO160HRS. 
AT125"C  FOR  Ea  =  1eV) 

PACK 

QAGATE 
VISUAL  AND 
SOLDERABILITY  TEST 

2nd  25°C  TEST 
FULL  PARA.  AC/DC 
PDA  1 0% 

OUTGOING  QA 

FINE/GROSS  LEAK 
100% 

MARK 

SHIP 

fl-FLOW  •  01 
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R-Flow  for  Plastic  Dual-ln-Line  Packages 


MOLD 


CURE 
5HRAT175"C 


SOLDER  PLATE 


IN  PROCESS  QA 


TEMP  CYCLE 

5  CYCLES 
0°CTO150°C 


OUTGOING  QA 
(OFFSHORE) 


INCOMING  OA 
(ONSHORE) 


1  St  25°C 
ELECT  TEST 
FULL  PARA.  AC/DC 


BURN-IN 
150°C  FOR  30  HRS. 
(EQUIV.  TO  160  HRS. 
AT125°C  FOR  Ea=1eV) 


2nd  25°C 
ELECT  TEST 
FULL  PARA.  AC/DC 
PDA  10% 


QA  ELECT 
*25°C,0.1%AOL 


QA  ELECT 
0"C, 70'C 
SKIP  LOT 


SHIP 


15-35 


TECHNOLOGY 


Introduction 

As  integrated  circuit  technologies  achieve  higher  speed, 
smaller  geometries,  lower  power  and  lower  voltage,  there 
is  a  trend  toward  greater  ESD  (Electrostatic  Discharge 
Damage)  susceptibility.  State-of-the-art  CMOS  ICs  can  be 
susceptible  to  as  little  as  50V,  a  static  level  that  is  way  be- 
low the  500V  to  15,000V  commonly  found  in  an  ESD  unpro- 
tected work  environment.  As  these  state-of-the-art  ICs  get 
designed  into  systems,  the  ESD  susceptibility  of  system 
hardware  also  increases  proportionately.  Industry  esti- 
mates of  losses  due  to  ESD  are  in  the  range  of  a  few  billion 
dollars  annually. 

It  has  now  become  increasingly  more  important  for  all 
semiconductor  manufacturers  and  users  of  semiconduc- 
tor and  other  electronic  components  to  fully  understand 
the  nature  of  ESD,  the  sources  of  ESD,  and  its  impact  on 
quality  and  reliability,  to  effectively  deal  with  this  silent 
chip  killer. 

Linear  Technology  Corporation  has  successfully  under- 
taken a  simple  but  effective  ESD  Protection  Program  as 
part  of  an  overall  program  designed  to  enhance  product 
quality  and  reliability.  Described  in  this  section  are  the 


The  objective  is  to  provide  increased  ESD  awareness  by 
showing  the  sources  of  ESD  in  the  work  environment,  and 
to  recommend  keypoints  for  the  successful  implementa- 
tion of  an  ESD  program  on  a  company-wide  basis. 

The  end  result  of  a  successful  ESD  program  would  be  the 
reduction  of  line  failures,  final  inspection  failures  and 
field  failures,  improved  manufacturing  yields,  improved 
product  quality  and  reliability  and  lower  warranty  costs. 
We  hope  that  this  will  help  to  convince  the  reader  that  an 
ESD  Protection  Program  must  be  an  integral  part  of  every 
electronic  company's  product  quality  and  reliability 
program. 

Key  Elements  of  a  Successful  ESD  Protection  Program 

Recent  improvements  in  failure  analysis  techniques  to 
correctly  identify  ESD  failures  together  with  an  increase  in 
ESD  related  information  from  technical  publications, 


ESD  PROTECTION  PROGRAM 


EOS/ESD  symposiums  and  vendors  have  significantly 
helped  to  increase  ESD  awareness. 

The  ESD  Protection  Program  at  Linear  Technology 
Corporation  was  successfully  launched  in  1983  when 
production  of  ICs  was  first  started.  A  constant  upgrading 
of  the  program  is  still  underway.  During  the  ongoing  ef- 
forts to  improve  product  quality  and  reliability,  previously 
unrecognized  ESD  related  problems  have  been  brought  to 
light  and  corrected. 

An  effective  ESD  Protection  Program  must  start  at  product 
design,  and  encompass  all  manufacturing  and  handling 
steps  up  to  and  including  field  service  and  repair.  Our  de- 
sign goal  is  to  achieve  an  ESD  susceptibility  level  of 
2,000V  or  greater. 

Since  the  sources  of  static  in  any  work  environment  are 
similar,  key  elements  of  the  program  successfully  imple- 
mented at  Linear  Technology  Corporation  can  also  be  ap- 
plied to  all  users  of  electronic  components.  Where  these 
key  elements  apply,  static  controls  generic  to  an  elec- 
tronic systems  manufacturer  are  included. 

The  key  elements  of  a  successful  ESD  Protection  Program 
include: 

1.  Understanding  static  electricity. 

2.  Understanding  ESD  related  failure  mechanisms. 

3.  ESD  sensitivity  (ESD)  testing. 

4.  Establishing  an  ESD  task  force  to  outline  the  require- 
ments of  the  program,  sell  the  program  to  manage- 
ment, implement  the  program,  review  progress  against 
milestones,  and  follow-up  to  ensure  the  program  is  con- 
tinuously improved  and  upgraded.  Selecting  an  ESD 
coordinator  to  interface  with  all  departments  affected. 

5.  Conducting  a  facility  evaluation  to  help  identify  the 
sources  of  ESD  and  establish  static  control  measures. 

6.  Setting  up  an  audit  program. 

7.  Selection  of  ESD  protective  materials  and  equipment. 

8.  Establish  a  training  and  ESD  awareness  program. 
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What  is  Static  Electricity? 

Lightning  and  sparks  from  a  metallic  doorknob  during  a 
dry  month  are  examples  of  static  electricity.  The  magni- 
tude of  a  static  charge  is  dependent  on  many  variables, 
among  them  the  size,  shape,  material  composition,  sur- 
face characteristics  and  humidity.  There  are  basically 
three  primary  static  generators,  namely  triboeiectric,  in- 
ductive and  capacitive  charging. 

Triboeiectric  Charging 

The  most  common  static  generator  is  triboelectic  charg- 
ing. It  is  caused  when  two  materials  (one  or  both  of  which 
are  insulators)  come  in  contact  and  are  suddenly  separat- 
ed or  rubbed  together,  creating  an  imbalance  of  electrons 
on  the  materials  and  thus  static  charge. 

Some  materials  readily  give  up  electrons  whereas  others 
tend  to  accumulate  excess  electrons.  The  Triboeiectric 
Series  lists  materials  in  descending  order  from  positive  to 
negative  charging  due  to  this  triboeiectric  effect.  A  sam- 
ple triboeiectric  series  is  shown  here.  A  material  that  is 
higher  on  the  list,  e.g.,  a  human  body,  will  become  posi- 
tively charged  when  rubbed  with  a  material,  e.g.,  polyester, 
that  is  lower  on  the  list,  due  to  the  transfer  of  electrons 
from  the  human  body  to  the  polyester  material. 


Triboeiectric  Series 


Human  Body 
Positive  Glass 
+  Mica 
Nylon 
Wool 
Fur 
Silk 

Aluminum 


Hard  Rubber 
Orion 
Polyester 
Polyethylene 
Negative         PVC  (Vinyl) 
Teflon 


Inductive  Charging 

Static  can  also  be  caused  by  induction,  where  a  charged 
surface  induces  polarization  on  a  nearby  material.  If  there 
is  a  path  to  ground  for  the  induced  charge,  an  ESD  event 
may  take  place  immediately.  An  example  of  an  induced 
charge  is  when  the  plastic  portion  of  a  molded  IC  package 
acquires  a  charge  either  through  triboeiectric  charging  or 
other  means,  produces  an  electrostatic  field  and 
induces  a  charge  on  the  conductive  leads  of  the  device. 
When  the  device  leads  are  grounded,  a  short  duration 
damaging  static  pulse  can  take  place. 

Capacitive  Charging 

The  capacitance  of  a  charged  body  relative  in  position  to 
another  body  also  has  an  effect  on  the  static  field.  To 
see  that  this  is  true,  one  need  only  look  at  the  equation 
Q  =  CV  (charge  equals  capacitance  times  voltage).  If  the 
charge  is  constant,  voltage  increases  as  capacitance  de- 
creases to  maintain  equilibrium.  As  capacitance  de- 
creases the  voltage  will  increase  until  discharge  occurs 
via  an  arc.  A  low  voltage  on  a  body  with  a  high  capacitance 
to  ground  can  become  a  damaging  voltage  when  the  body 
moves  away  from  the  ground  plane.  For  example  a  100V 
charge  on  a  common  plastic  bag  lying  on  a  bench  may  in- 
crease to  a  few  thousand  volts  when  picked  up  by  an 
operator,  due  to  a  decrease  in  capacitance. 

These  sources  of  static  can  be  found  almost  anywhere  in 
an  unprotected  work  environment,  on  personnel  wearing 
synthetic  clothing  and  smocks,  on  equipment  with 
painted  or  anodized  surfaces,  and  on  materials  such  as 
carpets,  waxed  vinyl  floors,  and  ungrounded  work 
surfaces. 

Understanding  the  Failure  Mechanisms 

In  the  past,  analysis  of  electrical  failures  to  pinpoint  ESD 
as  a  cause  was  often  difficult.  But  with  a  better  under- 
standing of  failure  mechanisms  and  their  causes,  and  the 
use  of  more  sophisticated  techniques  like  scanning  elec- 
tron microscopy  (SEM),  pinpointing  ESD  failures  can  now 
be  part  of  a  routine  failure  analysis. 


15-37 


ESD  PROTECTION  PROGRAM 


Parametric  or  functional  failure  of  bipolar  and  MOS  ICs 
can  occur  as  a  result  of  ESD. 

The  primary  ESD  failure  mechanisms  include: 

1.  Dielectric  Breakdown:  This  is  a  predominant  failure 
mechanism  on  MOS  devices  when  the  voltage  across 
the  oxide  exceeds  the  dielectric  breakdown  strength. 
This  failure  mechanism  is  basically  voltage  dependent 
where  the  voltage  must  be  high  enough  to  cause  dielec- 
tric breakdown.  As  such,  the  thinner  the  oxide,  the 
higher  the  susceptibility  to  ESD.  MOS  device  failures 
are  characterized  by  resistive  shorts  from  the  input  to 
VDDorVss. 

MOS  Transistor  Structure 
Showing  ESD  Included  Pinholes  at  Gate  Oxide 


This  failure  mechanism  can  also  be  found  on  bipolar 
ICs  which  have  metallization  runs  over  active  semi- 
conductor regions  separated  by  a  thin  oxide.  Device 
failures  are  characterized  by  resistive  or  high  leakage 
paths. 

2.  Thermal  Runaway  (Second  Breakdown):  This  failure 
mechanism  results  in  junction  melting  when  the  melt- 
ing temperature  of  silicon  (1415°C)  is  reached.  This  is 
basically  a  power  dependent  failure  mechanism, 
namely  the  ESD  pulse  shape,  duration  and  energy  can 
produce  power  levels  resulting  in  localized  heating  and 
eventually  junction  melting,  even  though  the  voltage 
level  is  below  that  required  to  cause  dielectric  break- 
down. Breakdown  of  the  emitter-base  junction  of  a 
NPN  transistor  is  a  common  ESD  related  failure 
mode  on  bipolar  ICs,  since  the  highest  current  density 
occurs  on  the  smallest  current  carrying  area  which  is 
typically  the  emitter-base  junction.  Low  current  gain 
(hpE)  is  a  very  sensitive  indicator  of  i 
tion  damage  on  bipolar  linear  ICs. 


Parametric  Degradation:  On  precision,  high  speed  ICs 
(e.g.,  bipolar  operational  amplifiers  with  a  typical  input 
bias  current  of  10pA  and  low  input  offset  voltage  of  typ- 
ically 5(fyV)  ESD  can  cause  device  degradation,  besides 
functional  failures.  This  can  impact  electrical  perform- 
ance and  adversely  affect  device  reliability. 

This  degradation  in  device  parametric  performance  is 
far  more  difficult  to  pinpoint  as  an  ESD  related  failure 
mode,  It  is  also  the  least  understood  among  the  failure 
modes.  The  extent  of  this  degradation  is  dependent  on 
the  number  of  ESD  pulses  and  the  level  of  damage 
sustained.  The  first  ESD  pulse  may  not  cause  an  IC  to 
fail  the  electrical  data  sheet  limits,  but  with  each  subse- 
quent ESD  pulse,  the  parametric  performance  can  de- 
grade to  the  point  where  the  device  no  longer  meets  the 
data  sheet  limits. 

There  is  a  great  deal  of  current  research  focused  on 
ESD  induced  latent  failures,  and  there  now  appears  to 
be  more  evidence  of  this  type  of  failure  mechanism. 


RESISTIVE  SHORT  ON  A 
METALLIZATION  STRIP  OVER 
A  THIN  OXIOE  N  ♦  REGION 
ON  A  BIPOLAR  IC 


ESD  Failure  Analysis  Program 

ESD  defect  identification  must  be  an  integrai  part  of  a  fail- 
ure analysis  program.  The  key  objectives  are  to  help 
identify  the  ESD  failure  mechanism,  isolate  the  cause  for 


15-38 


ESD  PROTECTION  PROGRAM 


failure,  and  implement  corrective  action  to  prevent  recur- 
rence. All  devices  suspected  of  being  damaged  by  ESD  af- 
ter initial  electrical  verification,  should  be  failure 
analyzed. 

An  ESD  failure  analysis  program  is  outlined  below. 

1.  Initial  electrical  test  verification. 

2.  Review  device  history  to  determine  if  there  are  any 
similar  failures  in  the  past.  Review  ESD  sensitivity  data 
if  available. 

3.  Investigate  conditions  in  any  area  that  can  potentially 
cause  ESD  damage.  Common  potential  problem  areas 
include: 

•  Proper  grounding  procedures  not  being  followed 
(e.g.,  conductive  table/floor  mats  not  grounded,  per- 
sonnel not  wearing  wrist  strap,  etc.) 

•  Improper  handling  (e.g.,  handling  devices  at  a  non- 
ESD  protected  station) 

•  Transporting  devices  in  unapproved  containers  (e.g., 
in  common  plastic  bags/tubes/tote  boxes) 

•  Changes  in  procedures  or  operation 

•  Changes  in  equipment 

•  Design  deficiencies 

4.  Failure  analysis  sequence: 

•  Bench  testing  and  curve  tracer  analysis 

•  Pin-to-pin  analysis 

•  Internal  visual  (10  x  to  1000  x) 

•  Liquid  crystal  hot  spot  detection 

•  Scanning  electron  microscopy  (SEM),  secondary  ion 
mass  spectrometry  (SIMS),  energy  dispersive  X-ray 
analysis  (EDX),  scanning  auger  microprobe  (SAM), 
radiography,  voltage  contrast,  electron  beam  induced 
current  (EBIC) 

•  Plasma/chemical  etching 

•  Special  fault  decoration 

•  Micro-sectioning 

•  Documentation 

An  excellent  failure  analysis  manual  is  published  by  the 
Rome  Air  Development  Center  titled  "Failure  Analysis 
Techniques— A  Procedural  Guide." 


5.  Duplication  of  failure  by  stressing  identical  devices.  The 
same  or  similar  electrical  failure  mode  is  a  good  indica- 
tor of  an  ESD  induced  failure  mode. 

6.  Implement  corrective  action  to  prevent  recurrence. 
Corrective  action  may  include: 

•  Component,  board,  sub-system  or  system  level  redesign 

•  Improve  ESD  controls 

•  Improve  part  handling 

•  Improve  ESD  awareness 

•  Improve  compliance  with  ESD  protection  procedures 

•  Increase  audit  frequencies 

•  Improve  packaging  materials  and  procedures 

Corrective  action  taken  by  the  end  user  should  include  a 
thorough  review  of  electrical  and  mechanical  packaging 
designs.  In  addition  the  end  user  should  consult  with  the 
IC  manufacturer  on  their  findings,  request  failure  analysis 
of  suspected  ESD  failures  if  needed  and  require  the  IC 
manufacturer  to  take  appropriate  corrective  action  on  any 
confirmed  ESD  failure. 

ESD  Sensitivity  (ESDS)  Testing 

ESDS  testing  is  crucial  in  helping  the  IC  designer  and  the 
end  user  evaluate  the  ESD  susceptibility  of  a  particular 
device.  At  Linear  Technology  Corporation  ESDS  testing  is 
incorporated  into  the  failure  analysis  program  and  is 
performed  on  each  device  as  part  of  the  product  charac- 
terization program.  The  ESDS  testing  is  also  part  of  new 
product  qualification.  Linear  Technology  performs  this 
ESDS  testing  according  to  MIL-STD-883  Method  3015. 

The  ESDS  testing  provides  immediate  feedback  to  the  IC 
designer  on  any  weaknessfound  in  the  design  and  permits 
design  correction  before  product  release.  The  ESDS  data 
collected  is  also  used  as  baseline  data  to  evaluate  the  effect 
of  any  future  design  changes  on  the  ESDS  testing  per- 
formance, and  to  help  ensure  that  the  final  packaging 
methods  meet  MIL-M-38510  requirements.  Devices  are 
categorized  as  either  Class  One,  Class  Two  or  Class  Three, 
each  with  a  susceptibility  range  from  0  to  2000  volts, 
above  2000  but  below  4000  volts,  and  above  4000  volts 
respectively.  Topside  marking  with  equilateral  triangles  is 
specified  by  MIL-M-38510. 
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Since  people  are  considered  to  be  a  prime  source  of  ESD,  the 
ESDS  test  circuit  is  based  on  a  human  ESD  model.  A 1 500Q 
resistor  and  a  1 0OpF  capacitor  are  used  in  the  test  circuit. 
Human  capacitance  is  typically  50pF  to  250pF,  with  the 
majority  of  people  at  100pF  or  less,  and  human  resistance 
ranges  from  1000Qto  5000X1  An  ESD  failure  is  defined  as 
a  voltage  level  which  causes  sufficient  damage  to  the  device 
such  that  it  no  longer  meets  the  electrical  data  sheet  limits. 

After  initial  ESDS  testing,  it  is  important  that  ESDS  test 
monitoring  be  performed  periodically  on  devices  from 
various  lots  to  determine  lot-to-lot  variation.  The  VZAP-2 
report  titled  "Electrostatic  Discharge  (ESD)  Susceptibility 
of  Electronic  Devices"  published  by  the  Reliability  Analysis 
Center,  Rome  Air  Development  Center,  contains  a  wealth 
of  information  on  ESDS  testing  data  on  devices  of  different 
process  technologiesfrom  many  manufacturers.  The  data 
in  this  report  clearly  indicates  a  large  lot-to-lot  variation 
relating  to  ESD  susceptibility  on  the  same  device. 

Design  for  ESD  Protection 

ESD  protection  designs  employed  on  Linear  Technology 
Corporation  devices  include: 

1.  Input  clamp  diodes 

2.  Input  series  resistors  to  limit  ESD  current  in  conjunc- 
tion with  clamp  diodes 

3.  New  ESD  Structures 


ESD  Task  Force 


An  ESD  task  force  should  consist  of  members  from  each 
affected  department  to  do  the  foundation  work,  sell  the 
program  to  management,  and  implement  the  program 
with  the  following  objectives: 

1 .  Develop,  approve  and  implement  an  ESD  control  speci- 
fication covering  all  aspects  of  design,  ESD  protected 
materials  and  equipment,  and  manufacturing 


2.  Raise  the  level  of  ESD  awareness 

3.  Develop  a  training  and  certification  program 

4.  Work  with  all  departments  on  any  ESD  questions  or 
problems 

5.  Develop  a  program  to  educate  and  assist  sales  offices, 
distributors  and  customers  to  minimize  ESD 

6.  Review  and  qualify  new  ESD  protective  materials  and 
equipment,  and  keep  specifications  and  training  pro- 
gram upgraded 

7.  Measure  the  cost-to-benefit  ratio  of  the  program 
Facilities  Evaluation 

The  ESD  task  force  should  be  responsible  for  facility 
evaluation.  This  evaluation  should  be  guided  by  the  ESD 
coordinator.  The  ESD  coordinator  should  be  chosen  for 
strong  knowledge  of  ESD  controls,  and  for  the  ability  to 
effectively  interface  with  all  affected  departments.  The 
primary  objective  of  the  task  force  is  to  pinpoint  areas  that 
represent  sources  of  static  electricity  and  potential  yield 
losses  due  to  ESD. 

A  representative,  preferably  the  engineering  or  production 
manager,  from  each  of  the  key  manufacturing  areas  should 
be  represented  on  this  task  force.  At  Linear  Technology 
Corporation  this  effort  is  headed  by  the  Quality  Assurance 
Manager  and  the  Package  Engineering  Manager.  The 
balance  of  the  ESD  task  force  members  are  the  Test  Engi- 
neering, Product  Engineering,  and  Production  Managers. 

The  only  equipment  needed  for  this  survey  is  a  field  static 
meter  which  measures  static  up  to  a  level  of  50kV.  Both 
nuclear  and  electronic  type  static  meters  are  available 
from  manufacturers  like  3M,  Simco,  Wescorp,  Scientific 
Enterprises,  Voyager  Technologies  and  ACL. 

Regardless  of  area  classification,  all  manufacturing  areas 
can  be  broken  down  into  the  following  categories  for 
evaluation  purposes. 
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1.  Personnel 

Personnel  represents  one  of  the  largest  sources  of  static, 
from  the  type  of  clothing,  smocks  and  shoes  that  they 
wear  (for  example,  polyester  or  nylon  smocks). 

2.  The  Environment 

The  environment  includes  the  room  humidity  and  floors. 
Relative  humidity  plays  a  major  part  in  determining  the 
level  of  static  generated.  For  example,  at  10-20%  RH  a 
person  walking  across  a  carpeted  floor  can  develop  35kV 
versus  1.5kV  when  the  relative  humidity  is  increased  to 
70%-80%.  Therefore  the  humidity  level  must  be  con- 
trolled and  should  not  be  allowed  to  fluctuate  over  a  broad 
range. 

Floors  also  represent  one  of  the  greatest  contributors  of 
static  generation  on  personnel,  moving  carts  or  equipment 
because  of  movement  across  its  surface.  Carpeted  and 
waxed  vinyl  floors  are  prime  static  generators. 

3.  Work  Surfaces 

Painted  or  vinyl  covered  table  tops,  vinyl  covered  chairs, 
conveyor  belts,  racks,  carts  and  shelving  are  also  static 
generators. 

4.  Equipment 

Anodized  surfaces,  plexiglass  covers,  ungrounded  solder 
guns,  plastic  solder  suckers,  heat  guns  and  blowers  are 
also  static  generators. 

5.  Materials 

Look  out  for  common  plastic  work  holders,  foam,  common 
plastic  tote  boxes  and  packaging  containers. 

Examples  of  typical  static  levels  are  shown  in  the  table 
below. 


RELATIVE  HUMIDITY 

10%-20%  70%-80% 

Walking  across  a  carpeted  floor 

35kV 

1.5kV 

Walking  across  a  vinyl  floor 

12kV 

0.3kV 

Picking  up  a  common  plastic  bag 

15kV 

0.5kV 

Sliding  plastic  box  over  bench/conveyor 

15kV 

2,0kV 

Ungrounded  solder  sucker 

8kV 

1.0kV 

Plastic  cabinets 

8kV 

LflkV 

This  ESD  survey  should  include  all  direct  and  support 
manufacturing  areas  where  semiconductor  and  other  elec- 
tronic components  are  handled,  and  should  be  extended  to 
cover  distribution  and  field  sales  offices,  and  field  service 
centers.  Once  the  facility  evaluation  is  completed,  the 
results  are  reviewed  by  the  ESD  task  force,  and  controls 
are  selected  to  combat  each  potential  ESD  problem  area. 

The  ESD  Protection  Program 

The  degree  of  static  control  should  be  determined  by  the 
most  static  sensitive  device  or  assembly  in  the  operation. 
Top  management  support  and  implementing  the  same 
basic  controls  in  all  areas  with  no  double  standards  will 
help  to  ensure  success. 

The  basic  concept  of  complete  static  protection  is  the 
prevention  of  static  buildup,  the  removal  of  any  already 
existing  charges,  and  the  protection  of  electronic  compo- 
nents from  induced  fields.  The  first  and  foremost  line  of 
defense  is  the  personnel  wrist  strap  together  with  grounded 
conductive  or  static  dissipative  table  tops,  and  conductive 
heel  straps  and  grounded  conductive  or  static  dissipative 
floor  mats. 

To  increase  ESD  awareness  at  Linear  Technology  Corpo- 
ration, all  ESD  Protection  Areas  are  marked  by  an  identi- 
fying label  (for  example,  label  shown  below).  This  label 
alerts  all  personnel  that  ESD  protection  procedures  are 
enforced  in  the  area. 


ESD  Protected  Workstation 

Examples  of  ESD  Protected  Workstations  are  shown  in 
Figures  1  and  2. 
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Option  1  (Figure  1):  All  electronic  components,  sub-assem- 
blies and  assemblies  must  be  handled  at  an  ESD  Pro- 
tected Workstation  only.  The  figure  illustrates  an  ESD  Pro- 
tected Workstation  consisting  of  a  static  dissipative  table 
mat  grounded  to  earth  or  electrical  ground  through  a  1MQ 
series  resistor,  with  the  requirement  that  the  operator 
i  a  grounded  insulated  conductive  wrist  strap  with  a 


1  MO  series  resistor.  This  1MS)  series  resistor  protects  the 
operator  from  electrical  shock,  should  the  operator  come 
in  contact  with  a  potentially  lethal  voltage.  Option  1 
should  be  used  where  the  operator  does  not  require  a 
large  degree  of  freedom,  e.g.,  during  product  inspection, 
component  soldering,  board  repair,  etc. 


2.  GROUND  CORD 


ELECTRIC  POWER  EQUIPMENT x 
3.  WRIST  STRAP. 


INSULATION  PAD 


1.  CONDUCTIVE  OR  STATIC 
DISSIPATIVE  TABLE  MAT 


'  ' "-OMR:        '      ^  i 


MATERIALS:  I.    1/16"  THICK  CONDUCTIVE  OR  STATIC  DISSIPATIVE  TABLE  MAT  WITH  SURFACE 
RESISTIVITY  OF  ==  108Si  PER  SQUARE. 

2    INSULATED  CONDUCTIVE  GROUND  CORD  WITH  A  SERIES  RESISTOR  OF  1/2W 
MINIMUM,  1Mfi±  10%.  AND  18AWG  OR  LARGER  INSULATED  WIRE. 

3.  INSULATED  CONDUCTIVE  WRIST  STRAP  WITH  1/4W  MINIMUM.  1M(J±  10%. 
AND20AWG  OR  LARGER  INSULATED  WIRE  THE  CURRENT  LIMITING  1M!) 
RESISTOR  MUST  BE  LOCATED  RIGHT  NEXT  TO  THE  WRIST  TO  PREVENT  THE 
POSSIBILITY  OF  SHUNTING  THE  RESISTOR. 

4,  POWER  TEST  EQUIPMENT  MUST  BE  CHASSIS  GROUNDED  VIA  A  THREE-PRONG 
PLUG.  AND  PLACED  ON  AN  INSULATION  PAD  MADE  OF  FORMICA,  FIBERGLASS 
OR  EQUIVALENT  MATERIAL. 


Figure  1 


GROUND 
MATERIALS:  1. 


3.  GROUND  CORD 


2,  CONDUCTIVE  SHOE  STRAP 


1   CONDUCTIVE  FLOOR  MAT 
OR  CONDUCTIVE  FLOORING 


<'■■       ■     ■■■     '  ^ 


OPTIONAL  1/8"  THICK  CONDUCTIVE  OR  STATIC  DISSIPATIVE  MAT  OR 
CONDUCTIVE  FLOORING  (e.g.,  CONDUCTIVE  FLOOR  TILES)  WITH  A  SURFACE 
RESISTIVITY  OF  s  108S1  PER  SQUARE 


2.   CONDUCTIVE  SHOE  STRAP  WITH  A  SURFACE  RESISTIVITY  OF  <  lO^n  PER 
SQUARE, 


3    INSULATED  CONDUCTIVE  GROUND  CORD  WITH  A  SERIES  RESISTOR  OF  1/2W 
MINIMUM,  1MO±10%.  AND  18AWGOR  LARGER  INSULATED  WIRE. 


Figure  2 
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Option  2  (Figure  2):  Shows  an  alternate  installation  meth- 
od for  an  ESD  Protected  Workstation.  It  consists  of  a 
conductive  or  static  dissipative  floor  mat  grounded  to 
earth  or  electrical  ground  through  a  1M0  series  resistor 
with  the  operator  wearing  a  conductive  shoe  strap.  This  in- 
stallation is  typically  used  where  the  operator  needs  free- 
dom of  movement  over  a  large  area,  e.g.,  environmental 
chamber  loading  and  unloading,  electrical  testing,  etc.  To 
be  effective  the  conductive  shoe  strap  must  be  attached 
to  the  wearer's  shoe  to  maximize  contact  between  the 
strap  and  the  conductive  floor. 

Option  3:  Utilizes  the  same  conductive  or  static  dissipa- 
tive floor  mat  installation  as  Option  2  with  the  exception 
that  the  operator  is  grounded  via  a  wrist  strap  through  the 
equipment  ground  instead  of  a  conductive  shoe  strap.  It  is 
utilized  where  an  operator  is  working  with  a  piece  of  free- 
standing equipment  and  does  not  require  a  great  deal  of 
freedom  of  movement. 

Handling 

At  Linear  Technology  Corporation  all  products  are  han- 
dled, transported  and  staged  in  volume  conductive  tote 
boxes.  This  offers  maximum  protection  to  the  compo- 
nents from  triboelectrically  generated  and  inductive  static 
charges.  The  rule  is  under  no  circumstances  should  com- 
ponents be  removed  from  their  approved  containers  ex- 
cept at  an  ESD  protected  workstation. 

Final  Packaging 

Only  antistatic  and  conductive  final  packaging  containers 
(for  example,  antistatic  or  conductive  dip  tubes,  volume 
conductive  carbon  loaded  plastic  bags  or  metallic  film 
laminate  bags,  foil  lined  boxes)  are  used.  Filler  (dunnage) 
material  used  should  be  antistatic,  non-corrosive,  and 
should  not  crumble,  flake,  powder,  shred  or  be  of  fibrous 
construction.  Conductive  packing  materials  are  preferred 
since  they  not  oniy  prevent  buildup  of  triboelectric  charge, 
but  also  provide  shielding  from  external  fields. 

Other  ESD  Preventative  Measures 

•  Where  possible,  ban  all  static  bearing  materials, 
e.g.,  common  plastics,  styrofoam  from  the  work 
environment. 

•  Use  only  synthetic  material  smocks  with  1%  to  2%  in- 
terwoven steel. 


•  Ensure  all  electronic  and  electro-mechanical  equip- 
ment is  chassis  grounded,  including  conveyor  belts,  va- 
por degreasers  and  baskets,  solder  pots,  etc. 

•  Tips  of  hand  soldering  irons  are  to  be  grounded. 

•  All  parts  of  hand  tools  (e.g.,  solder  suckers,  pliers,  etc.) 
which  can  be  expected  to  come  in  contact  with  elec- 
tronic components  are  to  be  made  of  conductive  mate- 
rial and  grounded. 

•  Conductive  shorting  bars  are  to  be  installed  on  all 
terminations  for  PC  boards  with  electronic  components 
during  assembly,  loading,  inspecting,  repairing,  solder- 
ing, storing  and  transporting. 

•  All  PC  boards  with  electronic  components  are  not  to  be 
handled  by  their  circuitry,  connector  points  or  connec- 
tor pins. 

•  High  velocity  air  movement  is  to  be  delivered  through  a 
static  neutral  izer. 

•  Air  ionizers  are  to  be  employed  in  neutralizing  static 
buildup  on  insulators  if  they  have  to  be  used  or  as  an  ex- 
tra precautionary  measure  for  extremely  sensitive 
assemblies. 

•  Do  not  slide  electronic  components  over  a  surface. 

Air  ionizers  come  in  three  basic  types:  nuclear,  AC  and 
pulsed  DC.  These  ionizers  can  neutralize  static  charges  on 
non-conductive  materials  by  supplying  the  materials  with 
a  stream  of  both  positive  and  negative  ions. 

The  advantage  of  the  AC  or  pulsed  DC  type  air  ionizer  is 
that  there  is  no  recurring  annual  replacement  cost.  The 
disadvantages  are:  it  emits  ozone  which  can  damage  rub- 
ber in  equipment;  EMI  (Electro  Magnetic  Interference); 
and  an  imbalance  in  the  stream  of  ions  if  not  properly 
maintained,  therefore  necessitating  frequent  preventive 
maintenance. 

The  advantages  of  the  nuclear  type  air  ionizer  are  low 
maintenance,  no  ozone,  no  EMI  and  no  imbalance  prob- 
lems. The  disadvantages  are  that  it  requires  careful  han- 
dling because  of  the  radioactive  source,  and  the  annual 
recurring  cost  to  replace  the  radioactive  source. 

The  selection  of  air  ionizers  must  be  done  with  care  with 
awareness  of  the  above  limitations.  The  squirrel  cage 
ionized  air  blower  has  been  proven  to  produce  a  signif- 
icantly more  even  distribution  of  ion  patterns  than  does  a 
conventional  fan  blower  design. 
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Maintenance 

ESD  protective  floor  and  table  coverings  must  be  properly 
maintained.  Do  not  wax  over  them.  Cleaners  must  not  de- 
grade their  electrical  properties.  Vacuum  to  remove  loose 
particles,  followed  by  a  wet  mop  with  a  solution  of  mild 
detergent  and  hot  water. 

Periodic  Audits 

At  Linear  Technology  Corporation  periodic  audits  are  con- 
ducted to  check  on  the  following  at  least  once  a  month, 
unless  otherwise  noted. 

•  Compliance  with  ESD  control  procedures. 

•  Ensure  that  the  conductive  ground  cord  connection  is 
intact  by  measuring  the  series  resistance  to  ground 
with  an  ohmmeter. 

•  Ensure  that  wrist  straps  are  still  functional  by  measur- 
ing the  resistance  from  the  person  to  ground.  The 
ground  lead  of  the  ohmmeter  is  connected  to  the 
ground  connection  of  the  wrist  strap,  and  the  positive 
lead  is  connected  to  a  stainless  steel  electrode  (one 
inch  in  diameter,  and  three  inches  long  #304  stainless 
steel)  which  is  held  by  the  person.  This  test  method  not 
only  checks  the  resistance  of  the  series  resistor,  but 
also  resistance  through  the  ground  cord  and  also  any 
contact  resistance  between  the  wrist  strap  and  the  per- 
son's skin.  This  test  procedure  is  required  when  wrist 
straps  with  an  elastic  nylon  band  with  interwoven 
metallic  strands  are  used,  since  the  metallic  strands 
breakdown  with  prolonged  use.  This  monitor  frequency 
may  be  shortened  depending  on  audit  results. 


•  Measure  the  surface  resistivity  of  conductive  or  static 
dissipative  table  tops  once  every  6  months  using 
ASTM-F-1 50-72,  ASTM-D-257  or  ASTM-D-991  test  meth- 
ods as  appropriate. 

Materials  Selection  and  Specification 

Based  on  the  tremendous  amount  of  ESD  protective 
materials  available,  it  is  important  that  materials  are  se- 
lected based  on  a  stringent  qualification.  Once  the  materi- 
als have  been  selected  and  specifications  defined,  a 
material  procurement  specification  needs  to  be  initiated 
that  defines  the  materials  and  quality  requirements  to  the 
vendor.  One  of  the  major  pitfalls  is  to  procure  material  in 
haste,  e.g.,  a  wrist  strap,  only  to  find  out  it  does  not  per- 
form reliably. 

The  SOAR-1  report  titled  "ESD  Protective  Material  and 
Equipment:  A  Critical  Review"  published  by  the  Rome  Air 
Development  Center  is  an  excellent  reference  on  the  vari- 
ous types  of  ESD  protective  materials  available. 

At  Linear  Technology  Corporation  a  minimum  of  three 
manufacturing  lots  from  a  potential  vendor  are  subjected 
to  qualification  testing  per  the  requirements  of  the  materi- 
al procurement  specification  for  ESD  protective  materials. 
The  vendor  is  considered  qualified  only  when  all  three  lots 
are  found  to  be  acceptable.  Once  vendors  have  been  quali- 
fied, all  incoming  ESD  protective  materials  are  subjected 
to  a  stringent  incoming  inspection. 

The  following  table  summarizes  a  sample  material  and 
test  specification  for  ESD  protective  materials. 


Wrist  Strap  Resistance  Test  Set-Up 


wrist 

STRAP 


#304 
STAINLESS  STEEL 
ELECTRODE 
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MATERIAL 

PROPERTIES/ DESCRIPTION 

TEST  METHODS 

Wrist  Strap 

•  Insulated  coil  cord  with  a  1MB  ±10%,  V«W  minimum 
series  resistor  molded  into  snap  fastener  (at  wrist  end), 
and  an  elastic  wrist  band  with  inner  metallic  filaments 
and  insulative  exterior. 

Measure  series  resistance  with  ohmmeter.  Apply  normal 
tug  to  both  ends  of  strap  and  remeasure  series  resistance. 
Resistance  must  be  between  0.8  to  1.2MH. 

Conductive  or  Static 
Dissipative  Table  and  Floor 
Coverings,  Conductive  Tote 
Boxes,  Conductive  Shoe 
Straps 

•  Must  not  shed  particles 

•  Must  not  support  bacterial  or  fungal  growth 

•  Conductive:  surface  resistivity  <105Q/square.  Static 
Dissipative:  surface  resistivity  >105and  <109fi/square. 

Test  per  ASTM-F-1 50-72,  ASTM-D-257,  ASTM-D-991  (for 
surface  resistivity  <106t!/square). 

Conductive  Foam 

•  Shall  not  contain  more  than  30ppm  CI,  K,  Na  when  a 
quantitative  chemical  analysis  is  performed 

•  Must  not  support  bacterial  or  fungal  growth 

With  devices  inserted  into  the  foam,  the  foam  must  not 
cause  lead  corrosion  after  a  24  hour  85°C/85%  RH 
temperature/humidity  storage. 

Antistatic  and  Conductive 
Dip  Tubes 

•  Must  not  exhibit  an  oily-like  film 

Must  meet  an  Electrostatic  Decay  test  per  Federal  Test 
Method  Standard  101  Test  Method  4046.  Material  charged 
to  5000V  must  be  discharged  to  1  %  of  its  initial  value  (50V) 
in  2  seconds  after  a  24  hour  conditioning  at  15%  relative 
humidity. 

Antistatic  and  Conductive 
Bags 

•  Antistatic  bags  must  meet  MIL-B-81705  type  2 

•  Conductive  bags  must  meet  MIL-B-117  and  sealing 
requirements  of  MIL-B-81705 

•  Must  not  support  bacterial  or  fungal  growth 

Test  method  for  antistatic  bags  same  as  for  antistatic/ 
conductive  dip  tubes.  Test  method  for  conductive  bags 
same  as  for  conductive  table/floor  coverings. 

Static  Eliminators/Ionized  Air 
Blowers 

•  Ozone  level:  0.1  ppm  maximum  for  8  hour  exposure 

•  Noise:  60dB  maximum 

•  EMI:  non-detectable  when  measured  6  inches  away 

Voltage  Decay  test:  A  non-conductive  sheet  of  material 
charged  to  5kV  must  be  discharged  to  1  %  of  its  initial  value 
(50V)  in  2  seconds  at  a  distance  of  2  feet  from  the  ionizer  or 
larger  distance  if  application  calls  for  a  larger  distance. 

Training  and  Certification  Program 

The  training  program  should  be  developed  to  increase 
ESD  awareness  and  to  assist  all  personnel  in  complying 
with  the  ESD  control  specification.  The  program  should 
include: 

1.  A  discussion  on  "What  is  Static  Electricity?" 

2.  How  ESD  affects  ICs 

3.  Estimated  cost  of  ESD  related  losses 

4.  Materials  and  equipment  for  controlling  static 

5.  The  importance  of  wearing  the  wrist  strap 

6.  The  importance  of  an  audit  program 

7.  Encourage  floor  personnel  to  feedback  any  ESD  poten- 
tial areas  to  the  ESD  task  force 

ESD  training  should  be  incorporated  into  the  personnel 
training  and  certification  program.  At  Linear  Technology 
Corporation  only  fully  trained  and  certified  personnel  are 
allowed  to  do  actual  production  work.  To  help  increase 


ESD  awareness,  it  is  often  a  good  idea  to  show  ESD 
awareness  films  and  video  tapes  which  are  available  from 
a  variety  of  sources  (Reference  3  provides  a  list  of  films 
and  video  tapes).  Personnel  are  retrained  and  recertified  at 
a  minimum  frequency  of  once  per  year. 

Measuring  the  Benefits 

Where  possible,  the  benefits  of  an  ESD  Protection  Pro- 
gram should  be  tracked  and  quantified.  The  two  yard- 
sticks used  at  Linear  Technology  Corporation  are  final  test 
yields  and  QA  electrical  average  outgoing  quality  (AOQ). 
Since  the  implementation  of  this  program,  there  has  been 
a  significant  improvement  in  final  test  yields  especially  on 
static  sensitive  CMOS  devices.  With  the  elimination  of 
ESD  as  a  potential  failure  cause,  the  electrical  AOQ  has 
averaged  well  under  100ppm  for  all  products  combined. 
Improvements  such  as  this  help  to  provide  positive  feed- 
back to  manufacturing  and  support  personnel  on  the  im- 
portance of  an  ESD  Protection  Program,,  and  also  help  to 
ensure  its  continuing  success. 
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TECHNOLOGY 


Linear  Technology  has  an  active  Statistical  Process 
Control  (SPC)  System.  It  operates  via  the  interrelated 
mechanisms  of:  a  structure,  control  charts  with  built-in 
contingency  action  plans,  operational  areadocumentation 
(flowcharts  and  control  plan  details),  an  SPC  training 
program,  each  of  which  is  defined  in  the 
officially  controlled  SPC  specification. 

STRUCTURE 

At  the  core  of  the  SPC  system  are  the  Process  (or  Preven- 
tive) Action  Teams  (PATs).  These  cross-functional  teams 
are  comprised  of  individuals  directly  involved  with  a 
process  element  or  problem.  In  a  production  operation, 
they  typically  involve  production  operators,  lead  opera- 
tors, maintenance,  engineering,  and/or  supervision.  In  a 
non-production  operation,  the  PATs  are  comprised  of 
operating  employees  and  representatives  of  related 
functions. 

Each  operating  group  (e.g.,  Wafer  Fab)  has  a  formal  SPC 
presence  in  the  form  of  a  SPC  Quality  Control  Team  (QCT). 
These  SPC  QCTs  are  comprised  mostly  of  the  manager 
and  staff  of  that  particular  operating  unit  bearing  the 
responsibility  to  implement  and  maintain  SPC  within  their 
respective  areas. 

This  QCT  structure  is  the  leadership  of  that  operating  unit, 
andassuch,  sanctions  the  various  PATs  within  its  jurisdic- 
tion as  they  implement  and  maintain  SPC  and/or  solve 
specific  problems  in  their  respective  areas.  In  addition,  the 
QCT  conducts  monthly  reviews  of  SPC  charts,  action 
items,  and  new  programs. 

The  QCTs,  in  turn,  report  to  the  SPC  Steering  Committee. 
This  body  consists  of  the  President,  Chief  Operating 
Officer,  Vice  President  of  Operations,  Vice  President  of 
Quality  &  Reliability,  and  the  SPC  Manager.  Thus,  it  has 
the  corporate  leadership  responsibility  for  SPC  at  Linear 
Technology. 


WAFER  FAB 
QCT 


LOCAL 
ASSEMBLY 
QCT 


QUALITY  AND 
RELIABILITY 
QCT 


END-OFFLINE 
QCT 


Figure  1 .  Linear  Technology  Corporation 
SPC  Quality  Control  Teams 


CONTROL  CHARTS 

The  control  charts  at  Linear  Technology  are  manually 
charted  by  the  operators  to  insure  they  are  the  custodians 
of  the  process,  its  trends,  and  defined  corrective  measures 
(as  opposed  to  computerized  SPC  charting). 

The  contingency  action  plan,  known  as  the  Out-of-Control 
Action  Plan  (OCAP),  defines  the  specific  corrective  actions 
when  the  process  experiences  out-of-control  situations. 
No  control  chart  is  put  in  place  without  an  OCAP.  This 
strategy  has  in  effect  empowered  the  work  force,  while 
freeing  the  Engineering  staff  for  systematic  and  continu- 
ous improvement. 

FLOW  CHARTS  AND  CONTROL  PLAN  DETAILS 

The  flow  charts  serve  to  graphically  display  the  flow  of 
products  in  each  operational  area,  as  well  as  define  and 
communicate  the  critical  nodes  of  that  operation.  The 


XTUflSl 


15-47 


STATISTICAL  PROCESS  CONTROL 


details  of  each  critical  node  are  defined  in  the  Control  Plan 
Detail,  which  serves  as  a  planning,  reporting,  and  commu- 
nication tool. 

An  example  of  a  flow  chart  and  the  related  Control  Plan 
Detail  for  one  operational  area  (e.g.,  The  Wafer  F 
Area)  Figure  2,  and  Table  1  follows: 


^)   Initial  Ox 
^  Collector  Mask 


SPC-4 


SPC-5 


Emitter  Diffusion 

Low-Pressure  Oxide 
(Oxide) 


Backside  Metal 
Transfer  to  Wafer  Sort 


Linear  Technology  Corporation.  Milpitas.  CA 

Figure  2.  General  Bipolar  Wafer  Fabrication  Flow  Chart 


TRAINING  PROGRAM 

In  order  to  pursue  and  continue  the  smooth  operation  of 
the  SPC  System  within  LTC,  an  all-encompassing  instruc- 
tional program  for  employees  was  initiated  according  to 
the  following  plan. 

Each  employee  designated  for  SPC  training  is  classified 
into  one  of  three  groups,  and  attends  the  specific  class- 
room instruction  for  that  classification.  The  courses  and 
length  of  training  (hours)  for  each  group  are  designated  in 
S2. 


The  content  of  the  Training  Courses  is  as  follows: 

BASIC  SPC:  Philosophy  of  SPC,  concepts  of  variation, 
control,  capability;  tools  and  techniques  for  control  and 
capability,  including  histograms,  capability  studies,  con- 
trol charting;  basic  problem  solving,  including  normality, 
brainstorming,  cause  and  effect  diagramming,  Pareto 
analysis,  capability  index/ratio. 

ADVANCED  SPC:  Review  of  basic  concepts,  fundamentals 
of  Measurement  System  Evaluation  (Gage  R&R),  process 
capability  studies,  determination  and  use  of  control  charts, 
i.e.,  Xbar  &  R,  Median  &  R,  X  &  Moving  R,  p,  np,  u,  and  c 
chart  techniques.  Chart  interpretation  and  the  basics  of 
attributes  sampling  system. 


Table  1 .  Linear  Technology  Corporation  Process  Control  Plan  Detail  for  Bipolar  Wafer  Fab 


SPC  Node 
and  Process 

Critical 
Features 

Measurement 
Method 

Sample 
Size 

Sample 
Frequency 

SPC  Control 
System 

MSE 
(Gage  R  and  R) 

Process  1 
CP 

;apability 
Cpk 

(SPC-1) 

Epi 
Growth 

Resistivity 

4-Point 
Probe 

2 

Batch 

X  and  Moving 
R  Chart 

Acceptable 

1.59-1.89 

1.15-1.37 

Deposition  Rate 
(Thickness) 

Nicolet 

2 

Batch 

Run  Chart 

Acceptable 

2.54-4.17 

(SPC-2) 
Base  Mask 

CDs 

0SI-VLS1 

1  Site/ 
5  Wafers 

Batch 

Xbar  and 
R  Chart 

Acceptable 

1.43 

1.22 

(SPC-3) 
Base 
Deposition 

Sheet 
Resistance 

4-Point 
Probe 

3  Sites/ 
3  Wafers 

Batch 

Xbar  and 
R  Chart 

Acceptable 

1.34-1.96 

1.29-1.68 

(SPC-4) 
Metal 
Deposition 

Thickness 
By 

Resistivity 

4-Point 
Probe 

2 

Batch 

Xbar  and 
R  Chart 

New  Gauge 

is  Now 
Acceptable 

2.23-2.38 

2.2-2.3 

(SPC-5) 
LPOM 

Thickness 

Nanospec 

5  Sites/ 
3  Wafers 

Batch 

Xbar and 
R  Chart 

Acceptable 

0.95 

0.74 
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Table  2. 


Group  # 

Trainee  Audience 

Basic  SPC 

Advanced  SPC 

D.O.E. 

TEAM  ORG. 

TOTAL 

1 

Engineering  (Technical) 

15 

20 

40 

4 

79 

2 

Management/Supervision  Technicians 

15 

20 

4 

39 

3 

Operators 

15 

15 

DESIGN  OF  EXPERIMENTS:  Philosophy  and  need  of  ex-  progress  further,  the  contribution  of  Design  of  Experi- 

perimental  design,  experimental  methodologies  utilizing  ments  will  become  significant.  Products  and  processes 

Fisher  &  Taguchi  concepts.  Response  Surface  Methodol-  developed  using  the  DOE  tools  will  have  the  quality  built- 

ogy  for  parameters  and  tolerance  designs,  including  in.  The  consequence  of  this  built-in  quality  is  predictable 

ANOVA,  and  analysis  of  co-variance.  performance  at  the  lowest  possible  cost. 


TEAM  ORGANIZATION:  An  outline  of  the  SPC  organization 
within  LinearTechnology,  the  concepts  of  the  SPC  Quality 
Control  Teams  (SPC  QCTs)  and  Preventive/Process  Ac- 
tion Teams  (PATs).  Strategies  for  Detailed  Control  Plans 
and  Out-of-Control  Action  Plans  (OCAPs).  Concepts  of 
team  effectiveness. 

Manufacturing  Excellence 

One  of  the  Linear  Technology  goals  is  manufacturing 
excellence.  The  traditional  SPC  techniques  seek  to  pro- 
duce processes  that  are  capable  and  in  control.  To  improve 
those  processes  and  to  determine  rational  parameters  and 
specification  tolerance  of  new  products  and  processes  re- 
quires the  Design  of  Experiments  (DOEs)  methodology. 

Linear  Technology  actively  pursues  the  screening  tech- 
niques described  by  Fisher  as  well  as  the  optimization 
techniques  of  Box  and  Taguchi.  These  latter  techniques, 
known  as  Response  Surface  Methodology  and  Taguchi 
Methods,  are  particularly  useful  in  developing  robust 
products  and  processes,  with  a  minimum  of  sensitivity  to 
process  variation. 

Contribution  to  Quality 

Contribution  to  quality  improvement  has  evolved  from  one 
dominated  by  ATTRIBUTE  INSPECTION  (pass/fail)  to  one 
involving  a  mixture  of  SPC  and  attribute  inspection.  As  we 
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TIME  — 

Figure  3.  The  Semiconductor  Quality  Evolution 

The  concepts  of  SPC  and  DOE  have  already  been  institu- 
tionalized within  Linear  Technology  and  will  provide 
the  methodology  to  ensure  a  process  of  continuing  im- 
provement. 
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Introduction 

Linear  Technology  Corporation  was  founded  in  1981  to 
address  the  growing  demand  for  high  performance  and 
superior  quality  linear  integrated  circuits. 

Today,  Linear  Technology  has  successfully  established  a 
leadership  position  by  introducing  and  supplying  leading 
edge  products  in  each  of  the  industry's  basic  functional 
groups  —  op  amps,  comparators,  voltage  regulators, 
references,  switched-capacitorfilters,  interface,  data  con- 
version, and  a  variety  of  special  function  CMOS  devices,  in 
all  major  package  styles. 

Early  on,  Linear  Technology  made  the  commitment  to 
provide  advanced  technology,  surface  mount  packaging. 
This  made  Linear  Technology  the  first  company  to  offer 
true  precision  and  high  performance  linear  devices  across 
the  full  range  of  functional  categories,  plus  many  of  the 
popular  second-source  devices  in  JEDEC  Standard  SO-8, 
14, 16  and  SOL-16, 18  and  20  pin  packages. 

The  continuing  demand  for  more  complete  surface  mount 
designs  has  spurred  the  introduction  of  two  powersurface 
mount  packages  by  LTC  —  the  3  lead  SOT-223  and  the 
DD  package  available  in  3,  5,  and  7  lead  versions.  Many 
LTC  power  products  are  now  being  introduced  in  these 
packages  which,  for  the  first  time,  enables  high  power 
designs  to  be  realized  using  1 00%  surface  mount  devices. 
Support  for  Linear  Technology's  surface  mount  devices 
includes  service  for  tape  and  reel,  antistatic  rails,  quality 
and  reliability  data,  and  data  sheets  on  each  product. 

Linear  Technology  intends  to  address  customer  demand 
for  surface  mount  devices  where  technology  and  die  sizes 
permit,  making  the  combination  of  small  package  size  and 
high  performance  linear  devices  readily  available  to  our 
users. 


This  section  contains  information  summarizing  Linear 
Technology's  capabilities  and  services  for  surface  mount 
packaged  products,  as  well  as  specific  device  data  sheets. 

Package  Descriptions 

Linear  Technology's  SO  packages  conform  to  Standard 
JEDEC  SOIC  outlines. 

In  some  instances,  an  LTC  product  available  in  an  8-pin 
standard  DIP  package  is  offered  in  a  16-pin  SOL  package. 
This  covers  the  situation  where  the  die  is  too  large  to  be 
accommodated  by  the  smaller  SO-8  package.  Although  it 
is  preferable  for  an  SO-8  device  to  have  the  same  pinout  as 
the  standard  8-pin  dual-in-line  version,  some  devices 
necessitate  a  rotation  of  the  die  to  fit  in  the  SO-8  package. 
Please  refer  to  the  applicable  SO  device  data  sheet,  or 
consult  with  the  factory  to  verify  exact  pinouts  for  each 
device. 

Electrical  Specifications 

Wherever  possible,  electrical  specifications  for  a  surface 
mount  technology  (SMT)  device  are  the  same  as  the 
plastic  molded  equivalent.  Exceptions  to  this  are  identified 
by  the  omission  of  the  standard  product  electrical  grade 
designator  from  the  part  number. 

For  example: 

-  LT1013DS8  has  the  same  electrical  specifications 
as  LT1013DN8,  since  the  "D"  is  common  to  both 
product  numbers. 

-  LT1 01 2S8  has  one  or  more  different  electrical  speci- 
fications than  LT1012CN8,  as  the  "C"  is  missing 
from  this  product  designator  suffix. 

Please  consult  the  appropriate  SMT  package  data  sheet  for 
complete  electrical  specifications. 
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Lead  Finish  and  Solderability 


Because  of  the  limited  space  available  for  part  marking  on  Lead  finish  is  electroplated,  lead-tin,  with  a  low  carbon 

some  SMT  packages,  abbreviated  marking  codes  are  used  content.  Solderability  meets  the  requirements  of  MIL- 

to  identify  the  device.  These  codes,  if  used,  are  identified  STD-883C,  Method  2003.  Recommended  solder  pads  are 

in  the  individual  SMT  package  data  sheets.  given  in  Figure  1 . 

Recommended  Solder  Pads 

SO-8,  SO-14,  SO-16  3-Lead  OD 


0.565 


0.565 


NOTE:  ALL  DIMENSIONS  ARE  IN  INCHES  s»p.os 


15 


Figure  1.  Recommended  Solder  Pads 
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7-Lead  DD 


DDEIEOQJ 


0.050 -»-  «*■  -  -«- 0.035 
NOTE:  ALL  DIMENSIONS  ARE  IN  INCHES 


3-Lead  S0T-223 


NOTE:  ALL  DIMENSIONS  ARE  IN  INCHES 


Figure  1.  Recommended  Solder  Pads  (Continued) 


Wave  and  Refiow  Soldering 

Following  are  the  recommended  procedures  for  soldering 
surface  mount  packages  to  PC  boards. 

1.  Wave  Soldering 

•  Use  solder  plating  boards. 

•  Dispense  adhesive  to  hold  components  on  board. 

•  Place  components  on  board. 

•  Cure  adhesive  per  adhesive  manufacturer's  specifi- 
cation. 

•  Foam  flux  using  RMA  (Rosin  Mildly  Activating)  flux. 

•  Wave  solder  using  a  dual  wave  soldering  system  at 
240°C  to  260°C  for  2  seconds  per  wave. 

•  Clean  board. 

2.  Refiow  Soldering 

•  Use  solder  plating  boards. 

•  Screen  solder  paste  on  board. 

•  Mount  components  on  board. 

•  Bake  for  15-20  minutes  at  65°C  to  90°C. 

•  Preheat  to  within  65°C  of  the  solder  temperature. 

•  Refiow  solder  paste.  The  solder  paste  temperature 
must  be  200°C  for  at  least  30  seconds.  LTC  recom- 
mends vapor  phase  or  infrared  refiow  systems  for 
best  performance. 

•  Clean  boards. 

•  Hand  soldering  of  DD  and  SOT-223  packages  is  not 
recommended. 

Thermal  Information 

Table  1  shows  the  range  of  junction-to-ambient  thermal 
resistance  of  SO  and  SOL  devices  mounted  on  a  PCB  of 
FR4  material  with  copper  traces,  in  still  air  at  25°C.  9ja 
with  a  ceramic  substrate  is  about  70%  of  the  FR4  value. 
Maximum  power  dissipation  may  be  calculated  by  the 
following  formula: 

p  rTil  TjMAX-TA 
T)MAXllAJ  =  —  


SURFACE  MOUNT  PRODUCTS 


where  1}  max  =  Maximum  operating  junction  temperature. 
TA  =  Desired  ambient  operating  temperature. 
6ja  =  Junction-to-ambient  thermal  resistance. 
Table  1 .  Typical  Thermal  Resistance  Values 


Table  2.  Tape  and  Reel  Packing  Specilications 


SO-8 

150°  to  200°C/W 

SOL-18 

70°to100°C/W 

80-14 

100°to140°C/W 

SOL-20 

70°  to  90°C/W 

SO-16 

90°to130°C/W 

SOL-24 

60°  to  80°C/W 

SOL-16 

85°to100°C/W 

SOL-28 

55°  to  75°C/W 

Conditions:  PCB  mount  on  FR4  material,  still  air  at  25°C,  copper  trace. 

Thermal  resistance  for  power  packages  (DD  and  SOT-223) 
depends  greatly  on  the  individual  device  type.  Please 
consult  the  device  data  sheets  for  thermal  information. 

More  current  data,  by  device  type,  may  be  obtained  by 
contacting  Linear  Technology  Corporation,  Marketing 
Department. 

Tape  and  Reel  Packing 

Tape  and  reel  packing  is  available  for  all  SO,  SOL,  SOT-223 
and  DD  packages  in  accordance  with  EIA  Specification 
481 -A.  Table  2  lists  the  applicable  tape  widths,  dimen- 
sions, and  quantities  for  all  LTC  small-outline  products. 
Consult  factory  for  tape  and  reel  pricing  and  minimum 
order  t 


rALKAut 

TAPE 
a  lie 

P 

COMPONENT 

PITPM 

Po 
HOLE 

PITPM 
rl  1  On 

REEL 

PARTS 
PER 

RFFI 
nCtL 

S0-8 

12mm 

8mm 

4mm 

13" 

2500 

SO-14 

16mm 

8mm 

4mm 

13" 

2500 

SO-16 

16mm 

8mm 

4mm 

13" 

2500 

SOL-16 

16mm 

12mm 

4mm 

13" 

1000 

SOL-18 

24mm 

12mm 

4mm 

13" 

1000 

SOL-20 

24mm 

12mm 

4mm 

13" 

1000 

DD 

24mm 

16mm 

4mm 

13" 

750 

SOT-223 

16mm 

12mm 

4mm 

13" 

2000 

Plastic  Tube  Packing 

Linear  Technology  SO,  SOL,  SOT-223  and  DD  packaged 
devices  are  packed  in  "antistatic"  plastic  tubes  with  the 
dimensions  indicated  in  Figure  2.  Unit  quantities  per  tube 
are  as  listed  in  Table  3. 

Table  3.  Devices  Per  Tube 


SO-8 

100  ea. 

SOL-16 

47  ea. 

SO-14 

55  ea. 

SOL-18 

40  ea. 

SO-16 

50  ea. 

SOL-20 

38  ea. 

DD 

50  ea. 

SOL-24 

32  ea. 

SOT-223 

78  ea. 

SOL-28 

27  ea. 

JJM 
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PinSTIC  TUB€  SP€CIFICfiTIOnS 

SO  Package  Shipping  Tube 


SOL  Package  Shipping  Tube 


KEEP  FLAT 
DO  NOT  ROUND'' 
OUT 


_  0.025  ±0.005 
WALL 


0.170  0.310 
REF  REF 


^0.010  RAD 
REF 


Length:  20.50  ♦  ™  inches 


0.260  0.580 


_  0.030  ±0.005 
TYP WALL 


Length:  20.75 +  ]{^  inches 


Figure  2 


Notel:  Tolerances:  ±0.010  unless  otherwise  specified. 

Note  2:  Material:  anti-static  treated  rigid  transparent  PVC  or  rigid  black  conductive. 

Note  3:  Printing:  "LTC  logo,  Linear  Technology  Corp.,  Antistatic"  on  top  side  of  tube. 


SURFACE  MOUNT  PRODUCTS 


PLASTIC  TUB€  SPCCIFICflTIOnS 


DD  Package  Shipping  Tube 


T 

0.762 
(0.030) 


NOTES: 

TUBE  LENGTH  =  21 .65  t  0.045  INCHES 
•CRITICAL  DIMENSION 


 0  


—0.162  ±0.020 


-0.300  j  0.020 

 L 


NOTCH  ON  TOP  SIDE 
ONLY  (2  PLACES)  smp-o, 


SOT-223  Package  Shipping  Tube 


o. 

(0.026) 


.  +0.25 
-0.12 
/        +0  010  \ 
[  0.048  -0.005  ) 


3.8  3.55 
(0.150)  (0.140) 


2.67  8.63 
(0.105)  (0.340) 


0.5  ±0.12  R  0.5mm 

(0.20  ±  0.005)  R  (0.020) 


Figure  2  (Continued) 
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TflP€  ROD  R€€L  SPCCIFICRTIOnS 


Embossed  Carrier  Dimensions  (12mm,  16mm,  24mm  Tape  Only) 


FOR  MACHINE  REFERENCE  ONLY 
-  INCLUDING  DRAFT  AND  RADII 
CONCENTRIC  AROUND  B0 


USER  DIRECTION  OF  FEED 


CENTER  LINES 
OF  CAVITY 


\F0R  COMPONENTS 
2.0mm  x  1.2mm 
AND  LARGER 


Embossed  Tape  —  Constant  Dimensions 


Tape  Size 

D 

E 

Po 

t(Max.) 

Ao  Bo  Ko 

12mm, 
16mm, 
24mm 

,  K  +0.10 
15  -0.0 

0  059    +0  004 
-0.0 

1.75  ±0.10 
(0.069  ±0.004) 

4.0  ±0.10 
(0.1 57  ±0.004) 

0.400 
(0.016) 

See  Note! 

Embossed  Tape  Variable  Dimensions 


Tape  Size 

B-i  Max. 

D,  Min. 

F 

K  Max. 

P2 

RMIn. 

W 

12mm 

8.2 

5.5  ±0.05 

6.5 

2.0  ±0.05 

30 

12.0  ±0.30 

(0.323) 

(0.217  ±0.002) 

(0.177) 

(0.079  ±0.002) 

(1.181) 

(0.472  ±0.012) 

16mm 

12.1 

1.5 

7.5  ±0.10 

40 

16  ±0.30 

(0.476) 

(0.059) 

(0.295  ±0.004) 

6.5 

2.0  ±0.10 

(1.575) 

(0.630  ±0.012) 

24mm 

20.1 

11.5±0.10 

(0.256) 

(0.079  ±0.004) 

50 

24  ±0.30 

(0.791) 

(0.453  ±0.004) 

(1.969) 

(0.945  ±0.012) 

Note  1:  A0  Bo  K0  are  determined  by  component  size.  The  clearance  24mm  tape  and  larger.  The  component  cannot  rotate  more  than  20° 

between  the  component  and  the  cavity  must  be  within  0.05  (0.002)  min.  within  the  determined  cavity,  see  Component  Rotation, 

to  0.65  (0.026)  max.  for  1 2mm  tape,  0.05  (0.002)  min.  to  0.90  (0.035)  Note  2:  Tape  and  components  shall  pass  around  radius  "FT  without 

max.  for  1 6mm  tape  and  0.050  (0.002)  min.  to  1 .00  (0.039)  max.  for  damage. 
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TflP€  ROD  R€€L  SPCCIFICflTIOnS 

Component  Rotation 


20°  MAXIMUM 
COMPONENT  ROTATION 


TYPICAL 

COMPONENT  CAVITY 
CENTER  LINE 


TYPICAL 
COMPONENT 
CENTER  LINE 


Radius 


Tape  Camber  (Top  View) 


TOP 
-COVER 
TAPE 


Allowable  camber  to  be  1mm/100mm  nonaccumulative  over  250mm 
Tape  Leader  (Start/End)  Specification  (SO  Packages) 


oooooooo 


-NO  COMPONENTS - 


1(1-575)  MIN- 


-N0  COMPONENTS- 


_  MIN  500mm  (19.685) 
MAX  560mm  (22.047) 


EMPTY  COMPONENT 
-  POCKETS  SEALED  - 
WITH  COVER  TYPE 


USER  DIRECTION  OF  FEED 


15-57 


SURFACE  MOUNT  PRODUCTS 


Tflf>€  flflD  R€€L  SPCCIFICRTIOnS 


SOT-223  Devices 


o  o  o  o  o  o  o  o 


_CZL 


u  u  u 


JZIL 


D  U  U 


JZZL 


u  u  u 


USER  DIRECTION  OF  FEED 

DD  Pack  Devices 


oooooooooooo 


11 
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R€€L  Dimensions 

Direction  of  Feed 


Tape 
Size 

A 
Max. 

B 

Mm. 

C 

D' 
Mill. 

N 
Min. 

G 

T 
Max. 

12mm 

330 
(12.992) 

1.5 

(0.059) 

13.0  +  0.20 
(0.512  +  0.008) 

20.2 
(0.795) 

50 
(1.969) 

1*  IB 

18.4 
(0.724) 

16mm 

360 
(14.173) 

1.5 
(0.059) 

13.0  ±0.20 
(0.512  ±  0.008) 

20.2 
(0.795) 

50 
(1.969) 

+  2.0 
16-4  -0  00 

(o-!r) 

22.4 
(0.882) 

24mm 

360 
(14.173) 

1.5 
(0.059) 

13.0  ±0.20 
(0.51 2  ±0.008) 

20.2 
(0.795) 

50 
(1.969) 

+  2.0 
UA  -0.00 

30.4 
(1.197) 

"Metric  dimensions  will  govern. 
English  measurements  rounded  and  for  reference  only. 
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SURFACE  MOUNT  DATA  SHEETS  LIST 

LF398S8,  Precision  Sample  and  Hold  Amplifier  9-113 

LM318S8,  High  Speed  Op  Amp  2-319 

LM334S8,  Constant  Current  Source  and  Temperature  Sensor  3-99 

LM385S8-1 .2/LM385S8-2.5,  Micropower  Voltage  Reference  3-113 

LT1001CS8,  Precision  Op  Amp  2-23 

LT1004CS8-1.2/LT1004CS8-2.5,  Micropower  Voltage  References  3-25 

LT1006S8,  Precision,  Single  Supply  Op  Amp  2-53 

LT1007CS/LT1037CS,  Low  Noise,  High  Speed  Precision  Op  Amps  2-69 

LT1007CS8/LT1037CS8,  Low  Noise,  High  Speed  Precision  Operational  Amplifiers  2-16 

LT1009S8, 2.5  Volt  Reference  3-31 

L  T1012S8,  Picoamp  Input  Current,  Microvolt  Offset,  Low  Noise  Op  Amp  2-1 1 7 

LT1013DS8,  Dual  Precision  Op  Amp  2-141 

LT1016CS8,  Ultra  Fast  Precision  Comparator  6-41 

LT1017CS/LT1018CS,  Micropower  Dual  Comparator  6-53 

L  T101 7CS8/L  T1018CS8,  Micropower  Dual  Comparator  10-6 

LT1020CS,  Micropower  Regulator  and  Comparator  4-45 

LT1021DCS8,  Precision  Reference  3-57 

L  T1028CS,  Ultra-Low  Noise  Precision  High  Speed  Op  Amp  2-1 77 

LT1028CS8,  Ultra-Low  Noise  Precision  High  Speed  Op  Amp  2-38 

L  T1030CS,  Quad  Low  Power  Line  Driver  1 0-9 

LT1034CS8-1.2/LT1034CS8-2.5,  Micropower  Dual  Reference  3-81 

LT1054CS/LT1054IS,  Switched  Capacitor  Voltage  Converter  with  Regulator  5-35 

LT1055S8/LT1056S8,  Precision,  Highspeed,  JFET  Input  Op  Amps  2-231 

L  T1057S/L  T1057IS,  Dual  JFET  Input  Precision  High  Speed  Op  Amps  2-247 

LT1G57S8/LT1057IS8,  Dual  JFET  Input  Precision  High  Speed  Op  Amps  2-44 

LT1057S/LT1057IS,  LT1058S/LT1058IS,  Dual/Quad  JFET  Input  Precision  High  Speed  Op  Amps  2-41 

LT1080CS/LT1081CS,  5V Powered  RS232  Driver/Receiver  with  Shutdown  1 0-51 

L  TC1043CS,  Dual  Precision  Instrumentation  Switched-Capacitor  Building  Block  11-31 

LTC1044CS8,  Switched  Capacitor  Voltage  Converter  5-21 

L  TC1052CS,  Chopper-Stabilized  Op  Amp  (CSOA™)  2-217 

LTC1059CS,  High  Performance  Switched  Capacitor  Universal  Filter  7-1 1 

L  TC1060CS,  Universal  Dual  Filter  Building  Block  7-35 

L  TC1061CS,  High  Performance  Triple  Universal  Filter  Building  Block  7-55 

LTC1062CS,  5th  Order  Lowpass  Filter  7-71 

OP-07CS8,  Precision  Op  Amp  2-337 

SG3524S,  Regulating  Pulse  Width  Modulator  5-93 

NOTE:  Items  in  BOLD  are  in  this  Databook  Supplement,  items  not  in  bold  are  in  1 990  Oatabook.  Most  recent  products  contain  the  surface  mount 
device  specifications  in  the  main  data  sheet,  therefore  this  list  should  not  be  considered  representative  of  our  full  product  offering.  Please 
see  the  next  pages. 
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Surface  Mount  Small  Outline  (SO)  and  SOT  Device  Packaging 


Linear  Technology  now  offers  a  continually  increasing  number 
of  high  performance  CMOS  and  bipolar  linear  devices  in  surface 
mount  packages.  At  the  time  of  this  printing,  the  following 
device  types  were  available  from  LTC  packaged  in  the  SO  (Small 


Outline  Package),  SOL  (Large  Outline)  and  the  SOT-223  packages 
per  the  JEDEC  standard  outlines.  For  pinout  configuration  and 
electrical  specification  limits  consult  either  your  LTC  sales  repre- 
sentative or  the  factory. 


PRODUCT 

NOTES 

DESCRIPTION 

Operational  Amplifiers 

LF398 

S8 

2 

Sample  &  Hold  Amp 

LM318 

S8 

2 

Fast  Op  Amp 

LT1001C 

S8 

2 

Precision  Op  Amp 

LT1006 

S8 

2 

Precision  Single  Supply  Op  Amp 

LT1007C 

S 

2,  A 

Low  Noise,  High  Speed  Op  Amp 

LT1007C 

S8" 

5 

Low  Noise,  High  Speed  Op  Amp 

LT1008 

S8 

2 

Uncompensated,  Picoamp  Input  Current, 

Precision  Op  Amp 

LT1012 

S8 

1.2 

Picoamp  Input  Current,  Precision  Op  Amp 

LT1013D 

S8 

2,  B 

Dual  Precision  Single  Supply  Op  Amp 

LT1013I 

S8 

3,  B 

Dual  Precision  Single  Supply  Op  Amp 

LT1014D 

S 

4, 5,  A 

Quad  Precision  Single  Supply  Op  Amp 

LT10141I 

S 

3,  A 

Quad  Precision  Single  Supply  Op  Amp 

LT1028C 

S 

2,  A 

50MHz,  11V/p.s,  1nV/VRz  Op  Amp 

LT1037C 

S 

2,  A 

High  Speed  Precision  Op  Amp 

LTt037C 

S8" 

5 

High  Speed  Precision  Op  Amp 

LT1055 

S8 

2 

JFET  Input,  High  Speed.  Precision  Op  Amp 

LT1056 

S8 

2 

JFET  Input,  High  Speed,  Precision  Op  Amp 

LT1057 

S 

2,  A 

Dual  JFET  Input,  High  Speed,  Precision  Op  Amp 

LT1057 

S8 

2,  B 

Dual  JFET  Input,  High  Speed,  Precision  Op  Amp 

LT1057I 

S 

2,  A 

Dual  JFET  Input,  High  Speed,  Precision  Op  Amp 

LT1057I 

S8 

2.D 

Dual  JFET  Input,  High  Speed,  Precision  Op  Amp 

LT1058 

S 

A 

Quad  JFET  Input,  High  Speed,  Precision  Op  Amp 

LT1058I 

S 

A 

Quad  JFET  Input,  High  Speed,  Precision  Op  Amp 

LT1077 

S8 

1 

Precision  Micropower  Op  Amp 

LT1078 

S 

3.  A 

Dual  Precision  Micropower  Op  Amp 

LT1078 

S8 

2,  B 

Dual  Precision  Micropower  Op  Amp 

LT1078I 

S 

A 

Dual  Precision  Micropower  Op  Amp 

LT1078I 

S8 

2.  D 

Dual  Precision  Micropower  Op  Amp 

LT1079 

S 

3,  A 

Quad  Precision  Micropower  Op  Amp 

LT1079I 

s 

A 

Quad  Precision  Micropower  Op  Amp 

LT1097 

S8 

1 

Low  Cost,  Low  Power,  Precision  Op  Amp 

LT1115C 

S 

1,1 

50MHz,  HV/jjs,  mV/VRz  Audio  Op  Amp 

LT1122C 

S8 

1 

Fast  Settling,  JFET  Input  Op  Amp 

LT1122D 

S8 

1 

Fast  Settling,  JFET  Input  Op  Amp 

LT1124C 

S8 

1 

Dual  Low  Noise,  High  Speed,  Precision  Op  Amp 

LT1125C 

S 

1.A 

Quad  Low  Noise,  High  Speed,  Precision  Op  Amp 

LT1126C 

S8 

1 

Decomp  Dual  Low  Noise,  High  Speed.  Precision 

Op  Amp 

LT1127C 

S 

1,A 

Decomp  Dual  Low  Noise,  High  Speed,  Precision 

Op  Amp 

LT1178 

s 

1.A 

Dual  Precision  Micropower  Op  Amp 

LT1179 

s 

1.A 

Quad  Precision  Micropower  Op  Amp 

LT1190C 

S8 

1.5,  C 

50MHz  High  Speed  Video  Op  Amp 

LT1191C 

S8 

1.5,  C 

90MHz  High  Speed  Video  Op  Amp 

LT1192C 

S8 

1.5,0 

350MHz  (Av  >  25)High  Speed  Video  Op  Amp 

LT1193C 

S8 

1.5,  C 

80MHz  (Ad|  Gain)  High  Speed  Video  Op  Amp 

LT1194C 

S8 

1.5.C 

35MHz  (Av  =  10)  Fixed  Differential  High  Speed 

Video  Op  Amp 

LT1223C 

S8 

1 

1 00MHz  Current  Feedback  Amplifier 

LT1224C 

S8 

1 

Very  High  Speed  Op  Amp 

LT1228C 

S8 

1,5,  C 

1 00MHz  Current  Feedback  Amplifier  w/DC  Gain 

Control 

LT1229C 

S8 

1,  5,  C 

Dual  100MHz  Current  Feedback  Amplifier 

LT1230C 

S 

1,  5,  C 

Quad  100MHz  Current  Feedback  Amplifier 

LTC1047C 

S 

1.A 

Dual  Micropower  Chopper  Stabilized  Op  Amp  w/ 

Internal  Caps 

LTC1049C 

S8 

1 

Low  Power  Chopper  Stabilized  Amplifier  w/ 

Internal  Caps 

LTC1050C 

S8 

1 

Chopper  Stabilized  Op  Amp  w/lnternal  Caps 

LTC10S1C 

S 

1.A 

Dual  Chopper  Stabilized  Op  Amp  w/lnternal  Caps 

PRODUCT 

NOTES 

DESCRIPTION 

LTC1052C 

S 

2,  A 

Low  Noise  Chopper  Stabilized  Op  Amp 

LTC1053C 

S 

2,  A 

Quad  Precision  Chopper  Stabilized  Op  Amp  w/ 

Internal  Caps 

LTC1150C 

S8 

1 

±15V  Chopper  Stabilized  Op  Amp  w/lnternal  Caps 

OP-07C 

S8 

Precision  Op  Amp 

OP-470G 

S 

1 

Quad  Low  Noise,  Precision  Op  Amp 

Instrumentation  Amps 

LTC1100C 

S 

1,A 

Chopper  Stabilized  Instrumentation  Amp 

LT1101 

S 

3 

Precision  Micropower  Instrumentation  Amp 

Comparators 

LT1016C 

S8 

2 

High  Speed  Comparator 

LT1016I 

S8 

6,  D 

High  Speed  Comparator 

LT1017C 

S 

2,  A 

Micropower  Dual  Comparator 

LT1018C 

s 

2,  A 

Micropower  Dual  Comparator 

LTC1040C 

s 

4, 5,  A 

Micropower  Dual  Sampling  Comparator 

Data  Acquisition 

LTC1090C 

s 

4.5.A.C 

10-Bit  ADC  with  8  Ch  MUX  8  S/H 

LTC1093C 

s 

4,5,A,C 

10-Bit  ADC  with  6  Ch  MUX  8  S/H 

LTC1099C 

s 

5,C 

8-Bit  High  Speed  ADC  with  S/H 

LTC1099I 

s 

9.C 

8-Bit  High  Speed  ADC  with  S/H 

LTC1290BC 

s 

5,  AC 

12-Bit  ADC  with  8  Ch  MUX  &  S/H 

LTC1290CC 

s 

5.A.C 

12-Bit  ADC  with  8  Ch  MUX  &  S/H 

LTC1290DC 

s 

5,A,C 

12-Bit  ADC  with  8  Ch  MUX  &  S/H 

LTC1294BC 

s 

5,  AC 

12-Bit  ADC  with  8  Ch  MUX  &  S/H 

LTC1294CC 

s 

5,  AC 

12-Bit  ADC  with8Ch  MUX  &  S/H 

LTC1294DC 

s 

5,A,C 

12-Bit  ADC  with  8  Ch  MUX  &  S/H 

Regulators',  PWMs,  DC  to  DC  Converters 

LT1020C 

s 

2,  A 

tiPower  Low  Dropout  Regulator  w/Comparator 

LT1020I 

s 

2.7.A.D 

pPower  Low  Dropout  Regulator  w/Comparator 

LT1072C 

s 

4.  A 

40kHz  125A  Switching  Regulator 

LT1072C 

S8 

3,C 

40kHz  1 .25A  Switching  Regulator 

LT1076C 

R-5 

2 

2A  Step-Down  Switching  Regulator  w/Shutdown, 

7-Lead  DD  Pkg,  5V 

LT1086C 

M 

2 

1.5A  Low  Dropout  Regulator,  3-Lead  DD  Pkg 

LT1117C 

ST 

1 

Low  Dropout  800mA  Adjustable  Regulator 

LT1117C 

ST-5 

1 

Low  Dropout  800mA  Regulator,  5V 

LT1117C 

ST-2.85 

1 

Active  SCSI-2  Terminator,  2.85V 

LT1171C 

Q 

2 

100kHz  2.5A  Switching  Regulator,  5-Lead  DD  Pkg 

LT1172C 

s 

4,  A 

100kHz  1.25A  Switching  Regulator 

LT1172C 

S8 

3,C 

100kHz  1.25A  Switching  Regulator 

SG3524 

S 

2 

Pulse  Width  Modulator 

LT1073C 

S8. 

1 

uPower  Switching  Regulator  Works  Down 

S8-5, 

to  1V  Input.  Adjustable  8  Fixed  +5V,  +12V 

S8-12 

Outputs 

LT1109C 

S8-5, 

1 

(lPower  DC  to  DC  Converter  w/Shutdown  S 

S8-12 

100kHz  Switching  Frequency,  Fixed  +5V  & 

+12V  Outputs. 

LT1110C 

S8, 

1 

pPower  OC  to  DC  Converter  Works  Down  to  1V 

S8-5, 
S8-12 

Input.  Adjustable  8  Fixed  +5V,  +12V  Outputs 

LT1111C 

S8, 

1 

uPower  Switching  Regulator  Works  Down  to  2V 

S8-5, 

Input.  Adjustable  and  Fixed  +5V,  +12V  Outputs. 

S8-12 

LT1123C 

S8-2.85 

1 

Low  Dropout  Regulator  Driver 

LT1172C 

S8 

1 

1.25A  High  Efficiency  100kHz  Switching  Reg 

LT1173C 

S8. 

1 

pPower  Switching  Regulator  for  Inputs 

S8-5, 

Greater  Than  2V.  Adjustable  and  Fixed  +5V.  +1 2V 

S8-12 

Versions 

LT1271C 

Q 

2 

60kHz  4A  Switching  Regulator,  5-Lead  DD  Pkg 

LT1432C 

S8 

2 

High  Efficiency  Switching  Regulator  Controller 

xruass 
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SURFACE  MOUNT  PRODUCTS 


Surface  Mount  Small  Outline  (SO)  and  SOT  Device  Packaging 


PRODUCT 

NOTES 

DESCRIPTION 

Switched  Capacitor  Converters 

LT1054C 

S 

2,  A 

100mA  Switched  Capacitor  Voltage  Converter 

LT1054I 

S 

2,  A 

100mA  Switched  Capacitor  Voltage  Converter 

LTC1043C 

s 

2,  A 

Dual  Precision  Instrumentation  Switched 

Capacitor  Building  Block 

LTC1044C 

S8 

2 

Switched  Capacitor  Voltage  Converter 

LTC1046C 

S8 

1 

50mA  Switched  Capacitor  Voltage  Converter 

LTC1046CI 

S8 

1,C 

50mA  Switched  Capacitor  Voltage  Converter 

Switched  Capacitor  Filters 

LTC1059C 

S 

2 

2nd  Order  Universal  Filter 

LTC1060C 

S 

2,  A 

Dual  2nd  Order  Universal  Filter 

LTC1061C 

S 

2,  A 

Triple  2nd  Order  Universal  Filter 

LTC1062C 

S 

2,  7,  A 

5th  Order  Lowpass  Filter  (Patented) 

LTC1064C 

s 

1.7,  A 

100kHz  Quad  2nd  Order  Universal  Filter 

LTC1 064-1 C 

s 

1,7,  A 

8th  Oroer  Cauer  Lov.uass  Filter 

LTC1064-2C 

s 

1,A 

8th  Order  Butterworth  Lowpass  Filter 

LTC1064-3C 

s 

1.A 

8th  Order  Bessel  (Linear  Phase)  Lowpass  Filter 

LTC1064-4C 

s 

1.7, A 

8th  Order  Cauer/Transitional  Lowpass  Filter 

LTC1064-XXC  S 

A 

High  Speed,  Low  Noise  Quad  Semi-Custom  Filter 

LTC1164C 

s 

1.7.A 

Low  Power  Quad  2nd  Order  Universal  Filter 

LTC1164-XXC  S 

A 

Low  Power,  Low  Noise  Quad  Semi-Custom  Filter 

Relerences 

LM334 

S8 

2 

Constant  Current  Source  &  Temp.  Sensor 

LM385 

S8-1.2 

2 

1 ,2V  Bandgap  Voltage  Reference 

LM385 

S8-2.5 

2 

2.5V  Bandgap  Voltage  Reference 

LM385B 

S8-1.2 

5,  D 

1.2V  Bandgap  Voltage  Reference 

LM385B 

S8-2.5 

5,  D 

2.5V  Bandgap  Voltage  Reference 

LT1004C 

S8-1.2 

2 

1.2V  Bandgap  Voltage  Reference 

LT1004C 

S8-2.5 

2 

2.5V  Bandgap  Voltage  Reference 

LT1004I 

S8-1.2 

8,  D 

1.2V  Bandgap  Voltage  Reference 

LT1004I 

S8-2.5 

8,  D 

2.5V  Bandgap  Voltage  Reference 

LT1009 

S8 

2 

2.5V  Reference 

LT1009I 

S8 

8,  D 

2.5V  Reference 

LT1019C 

S8-2.5 

4.5.C 

2.5V  Buried  Zener  Precision  Reference 

LT1019C 

S8-4.5 

5.C 

4.5V  Buried  Zener  Precision  Reference 

LT1019C 

S8-5 

5,  C 

5V  Buried  Zener  Precision  Reference 

LT1019C 

S8-10 

5,  C 

10V  Buried  Zener  Precision  Reference 

LT1021DC 

S8-5 

2,  C 

5V  Buried  Zener  Precision  Reference 

LT1021DC 

S8-7 

2,  C 

7V  Buried  Zener  Precision  Reference 

LT1 021  DC 

S8-10 

2,C 

10V  8uried  Zener  Precision  Reference 

LT1034C 

S8-1.2 

2,  C 

Micropower  Dual  Reference:  1.2V,  +7V 

LT1034C 

S8-2.5 

2,  C 

Micropower  Dual  Reference:  2.5V,  +7V 

LT1431C 

S8 

1.C 

Programmable  Reference 

LT1431I 

S8 

i,e 

Programmable  Reference 

Interlace  Circuits 

LT1030C 

S 

1,2 

Quad  Low  Power  Line  Driver 

LT1032C 

S 

4,  5,  A 

Quad  Low  Power  Line  Driver  with  Response  Time 

Control 

LT1039C 

s 

1.A 

3  TX/3  RX  RS232  XCVR  with  Shutdown 

LT1039I 

s 

3  TX/3  RX  RS232  XCVR  with  Shutdown 

LT1039C 

S16 

5.C 

3  TX/3  RX  RS232  XCVR 

LT1080C 

s 

2,  A 

Dual  RS232  XCVR  with  +5V  to  +  9V  Pump  & 

Shutdown 

LT1080I 

s 

9,  D 

Dual  RS232  XCVR  with  +5V  to  ±  9V  Pump 

LT1081C 

s 

2,  A 

Dual  RS232  XCVR  with  +5V  to  +  9V  Pump  & 

Shutdown 

LT1081I 

s 

9,0 

Dual  RS232  XCVR  with  +5V  to  +  9V  Pump 

LT1130C 

s 

1,4 

5  TX/5  RX  RS232  XCVR  with  *5V  to  +  9V  Pump 

LT1131C 

s 

1,A 

5  TX/4  RX  RS232  XCVR  with  +5V  to  ±9V  Pump 

&  Shutdown 

LT1132C 

s 

1,A 

5  TX/3  RX  RS232  XCVR  with  +5V  to  ±  9V  Pump 

LT1133C 

s 

1.A 

3  TX/5  RX  RS232  XCVR  with  +5V  to  ±  9V  Pump 

LT1134C 

s 

1,A 

4  TX/4  RX  RS?32  XCVR  with  +5V  to  +  9V  Pump 

LT1135C 

s 

1,A 

5  TX/3  RX  RS232  XCVR 

PRODUCT 

NOTES 

ncc  fDioTi  rim 

LT1136C 

S 

1,4 

4  TX/5  RX  RS232  XCVR  with  *5V  to  ±  9V  Pump 

S  Shutdown 

LT1137C 

S 

1,4 

3  TX/5  RX  RS232  XCVR  with  +5V  to  ±  9V  Pump 

&  Shutdown 

LT1138C 

S 

1.A 

5  TX/3  RX  RS232  XCVR  with  +5V  to  ±9V  Pump 

&  Shutdown 

LT1139C 

S 

1,4 

4  TX/4  RX  RS232  XCVR.  *5V/*12V  Powered 

with  Shutdown 

LT1140C 

S 

1,4 

5  TX/3  RX  RS232  XCVR  with  Shutdown 

LT1141C 

S 

1,4 

3  TX/5  RX  RS232  XCVR  with  Shutdown 

LT1180C 

S 

1,4 

Dual  RS232  XCVR  with  +5V  to  ±9V  Pump  & 

Shutdown 

LT1181C 

S 

1.A 

Dual  RS232  XCVR  with  +5V  to  ±  9V  Pump 

LT1180I 

S 

1,4 

Dual  RS232  XCVR  with  +5V  to  ±9V  Pump  & 

Shutdown 

LT1181I 

s 

1.A 

Dual  RS232  XCVR  with  +5V  to  ±  9V  Pump 

LT1280C 

s 

1.A 

Low  Power  Dual  RS232  XCVR  with  +5V  to 

±9V  Pump  8  Shutdown 

LT1281C 

s 

1.A 

Low  Power  Dual  RS232  XCVR  with  +5V  to 

±9V  Pump 

LT1281I 

s 

1.D 

Low  Power  Dual  RS232  XCVR  with  *5V  to 

±9V  Pump 

LTC485C 

S8 

1 

Ultra  Low  Power  RS485 

LTC485I 

S8 

1 

Interface 

LTC486C 

S 

1.A 

Ultra  Low  Power  RS485  Interface  Device 

LTC486I 

s 

1,4 

Ultra  Low  Power  RS485  Interface  Device 

LTC487C 

S 

1,4 

Ultra  Low  Power  RS485  Interface  Device 

LTC487I 

S 

t,A 

Ultra  Low  Power  RS485  Interface  Device 

Analog  Switches 

LTC201AC 

s 

1 

Micropower,  Low  Charge  Injection.  Quad  CMOS 

Analog  Switch 

LTC202C 

s 

1 

Micropower,  Low  Charge  Injection,  Quad  CMOS 

Analog  Switch 

LTC203C 

S 

1 

Micropower,  Low  Charge  Injection,  Quad  CMOS 

Analog  Switch 

LTC221C 

s 

1 

Micropower,  Low  Charge  Injection,  Quad  CMOS 

Analog  Switch  with  Data  Latches 

LTC222C 

s 

1 

Micropower,  Low  Charge  Injection,  Quad  CMOS 

Analog  Switch  with  Data  Latches 

Watchdog  Timer/Microprocessor  Supervisory 

LTC690C 

S8 

1 

Microprocessor  Supervisory  Circuit 

LTC690I 

S8 

1 

Microprocessor  Supervisory  Circuit 

LTC691C 

s 

1 

Microprocessor  Supervisory  Circuit 

LTC691I 

s 

1 

Microprocessor  Supervisory  Circuit 

LTC694C 

S8 

1 

Microprocessor  Supervisory  Circuit 

LTC694I 

S8 

1 

Microprocessor  Supervisory  Circuit 

LTC695C 

S 

1 

Microprocessor  Supervisory  Circuit 

LTC695I 

S 

1 

Microprocessor  Supervisory  Circuit 

LTC699C 

S8 

1 

Microprocessor  Supervisory  Circuit 

LTC1232C 

S8 

1 

Microprocessor  Supervisory  Circuit 

LTC1235C 

S 

1 

Microprocessor  Supervisory  Circuit 

NOTES: 

1 .  See  standard  data  sheet  (or  electrical  specs  and  SO  package  pinout. 

2.  Separate  data  sheet  exists  (or  surface  mount  version  ol  this  product  (includes  specs  and  pinout). 

3.  Marketing  specification  notice  exists  for  this  device  showing  electrical  specs  and  SO  pkg  pinout 
A.  Marketing  specification  notice  exists  for  this  device  showing  SO  package  pinout. 

5.  Meets  existing  commercial  specs  over  05C  to  70"C  range. 

6.  Meets  existing  military  specs  over  0'C  to  70°C  range. 

7.  Meets  existing  commercial  specs  over  -40°C  to  85"C  range, 
8-  Meets  existing  military  specs  over  -40'€  to  85rC  range. 

9.  Meets  existing  industrial  specs  over  -40'-C  to  85X  range. 

A.  SOL  (0.300  in.  wide)  large  outline  package. 

B,  Non-standard  pinout. 

C,  Pinout  is  identical  to  DIP  (through-hole)  package. 

D.  Pinout  is  identical  to  commercial  temperature  surface  mount  package. 

*  All  TO-220  voltage  regulators  may  tie  surface  mounted  using  optional  -Flow  32"  lead  bend. 

' '  Data  sheet  for  this  product  is  in  process 
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TECHNOLOGY 


DICE  PRODUCTS 


INTRODUCTION 


Linear  Technology  Corporation  offers  a  wide  variety  of 
precision  linear  IC's  in  die  form.  It  is  our  intent  to  offer 
dice  electrically  tested  to  levels  which  can  be  expected  to 
yield  the  best  possible  performance  in  hybrid  circuits. 
Complicating  this  task  is  the  fact  that  many  specifications 
given  for  our  standard  packaged  products  cannot  be 
tested  at  the  wafer  level.  Further,  parameters  which  are 
100%  tested  at  wafer  probe  testing  may  shift  during  the 
die  attach/assembly  process. 

There  is  a  Dice  Products  Catalog  available  that  contains 
ordering  information  and  datasheets  for  obtaining  dice 
products.  Catalogs  are  available  from  your  local  LTC 
Sales  Rep,  or  from  LTC  Communications  at  (800)  637-5545. 


GENERAL  INFORf 
Electrical  Testing 


Dice  are  100%  tested  in  wafer  form  at  25°C  to  the  DC  lim- 
its shown  on  the  dice  data  sheet  for  a  given  device  type. 
Many  LTC  packaged  products  have  multiple  electrical 
grades  associated  with  a  basic  die  type.  A  cross  reference 
appears  on  each  dice  data  sheet  indicating  which  die 
product  grade  should  be  ordered  to  optimize  candidates  to 
meet  the  specifications  of  the  desired  finished  product 
grade.  This  information  should  be  used  as  a  guideline  only 
since  LTC  does  not  guarantee  electrical  specifications  af- 
ter assembly.  Since  electrical  testing  is  done  only  at  25°C, 
no  absolute  guarantee  can  be  made  regarding  perform- 
ance at  other  temperatures.  Some  LTC  products  require 
post-package  trimming  to  overcome  certain  assembly  re- 
lated parameter  shifts.  Details  on  this  trimming  may  be 
obtained  by  contacting  the  factory. 

Visual  Inspection 

Dice  are  100%  visually  inspected  in  accordance  with  MIL- 
STD-883,  Method  2010  Condition  B. 

Chip  Dimensions 

Chip  dimensions  are  as  indicated  on  individual  dice  data 
sheets.  Tolerance  is  ±  1  mil.  Chip  thickness  ranges  from 


12  mils  to  20  mils,  depending  on  product  type.  Bond  pad 
dimensions  are  4.5  x  4.5  mils,  minimum. 

Topside  Passivation 

Linear  Technology  products  are  passivated  with  a  two 
layer  system:  A  proprietary  deposited  oxide  gives  a  crack- 
free  conformal  coverage  of  metal  and  oxide  steps.  A 
plasma  nitride  overcoat  protects  the  die  from  ionic  con- 
tamination and  scratches  during  handling,  testing  and 
assembly.  Note  that  LTC  uses  fuse  link  and  zener  zap 
trimming  techniques  which  require  windows  in  the  passi- 
vation over  the  trim  points.  This  passivation  system  is  a 
major  contributor  to  the  extremely  high  reliability  demon- 
strated throughout  millions  of  device-hours  of  accelerated 
testing  of  LTC  devices  in  plastic  and  hermetic  packages. 

Topside  Metallization 

The  metallization  is  a  minimum  of  11,000  A  thick  unless 
otherwise  specified.  The  quality  of  the  metallization  step 
coverage  is  monitored  via  a  weekly  SEM  inspection  per 
MIL-STD-883,  Method  2018. 

Backside  Metal 

Most  dice  product  backsides  are  coated  with  an  alloyed 
gold  layer.  There  are  some  CMOS  products  with  no  back- 
side metallization.  In  addition,  some  voltage  regulators 
may  be  specially  ordered  with  a  chrome-nickle-silver 
(Cr-Ni-Ag)  backside  layer.  Contact  LTC  for  details  on  this 
type  of  backside  layer  or  to  inquire  about  availability  of 
LTC  products  with  a  particular  backside  metallization. 

Backside  Potential 

Linear  Technology  products  are  junction  isolated.  For 
proper  operation  the  backside  must  be  electrically  con- 
nected to  the  most  negative  potential  seen  by  the  IC  (for 
bipolar  products)  or  the  most  positive  potential  (for  CMOS 
products).  This  information  is  also  given  in  the  individual 
dice  data  sheets. 
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DICE  PRODUCTS 


Packaging 

Dice  are  packaged  in  compartmentalized  waffle  packs  for 
ease  of  handling  and  storage.  Each  waffle  pack  contains 
100  dice.  Special  packaging  methods  are  also  available  by 
contacting  the  factory. 

Quality  Levels  of  Dice  Shipped 

Each  dice  lot  is  guaranteed  to  meet  the  following 
requirements: 

•  Internal  visual  per  MIL-STD-883,  Method  2010 
Condition  B:  1.0%  AQL  Level  II. 

•  Electrical:  Due  to  variations  in  assembly  methods  and 
packaging  techniques  LTC  does  not  guarantee  elec- 
trical specifications  after  assembly.  When  a  determina- 
tion as  to  the  finished  product  assembly  yield  is  needed, 
the  lot  acceptance  testing  available  at  extra  cost  should 
be  pursued. 

Reliability  Assurance 

In  addition  to  the  more  conventional  reliability  audits  per- 
formed on  finished  products,  LTC  has  innovated  a  unique 
periodic  wafer  fab  reliability  audit  using  a  specially  de- 
signed reliability  structure  that  is  stepped  into  all  wafers. 
The  test  structure  is  optimized  to  accelerate  the  two 
primary  failure  mechanisms  in  linear  circuits,  namely  mo- 
bile positive  ions  and  surface  charge-induced  inversions. 
This  provides  a  continuous  monitor  on  the  reliability  per- 
formance of  LTC's  wafer  fab  processes  and  provides 
immediate  feedback  to  wafer  fab  typically  within  one 
week. 


Electrostatic  Discharge  (ESD)  Precautions 

Precision  linear  devices,  especially  those  with  very  low 
(pA)  input  bias  current  levels  and  low  (<50  microvolts)  in- 
put offset  voltages  are  susceptible  to  shifts  in  electrical 
performance  and  ESD  damage  as  a  result  of  improper  han- 
dling. LTC  recommends  that  ESD  precautions,  such  as 
grounded  conductive  work  stations,  grounded  conductive 
wrist  straps  and  grounded  equipment,  be  taken  to  prevent 
ESD  damage. 

ORDERING  INFORMATION 

Dice  may  be  ordered  by  the  part  number  defined  in  the 
dice  data  sheet.  Minimum  direct  dice  order,  per  delivery,  is 
1000  pieces  or  $5,000,  whichever  is  greater.  In  some  cases, 
tighter  parameter  selections  than  indicated  on  the  dice 
data  sheets  can  be  obtained  by  special  order.  Please  con- 
tact the  factory  for  details. 

Lot  Acceptance  Testing 

Lot  acceptance  testing  (L.A.T.)  based  on  sample  assembly 
and  testing  is  available  at  extra  cost.  Sample  sizes  and  ac- 
ceptable electrical  test  limits  vary  from  device  to  device 
and  must  be  negotiated  at  the  time  of  quoting.  Contact  the 
factory  for  details. 
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TECHNOLOGY 


DESIGN  TOOLS 


Application  Notes 


AN1      Understanding  and  Applying  the  LT1005  Multifunction  Regulator 

This  application  note  describes  the  unique  operating  character- 
istics of  the  LT1005  and  describes  a  number  of  useful  applica- 
tions which  take  advantage  of  the  regulator's  ability  to  control 
the  output  with  a  logic  control  signal. 

AN2      Performance  Enhancement  Techniques  for  3-Terminal 
Regulators 

This  application  note  describes  a  number  of  enhancement 
circuit  techniques  used  with  existing  3-terminal  regulators 
which  extend  current  capability,  limit  power  dissipation,  provide 
high  voltage  output,  operate  from  110VAC  or  220VAC  without  the 
need  to  switch  transformer  windings,  and  many  other  useful 
application  ideas. 

AN3      Applications  for  a  Switched-Capacitor  Instrumentation  Building 
Block 

This  application  note  describes  a  wide  range  of  useful 
applications  for  the  LTC1043  dual  precision  instrumentation 
switched-capacitor  building  block.  Some  of  the  applications 
described  are  ultra  high  performance  instrumentation  amplifier, 
lock-in  amplifier,  wide  range  digitally  controlled  variable  gain 
amplifier,  relative  humidity  sensor  signal  conditioner,  LVDT 
signal  conditioner,  charge  pump  F  to  V  and  V  to  F  converters, 
12-bit  A  to  D  converter  and  more. 

AN4      Applications  for  a  New  Power  Buffer 

The  U1010 150fiA  power  buffer  is  described  in  a  number  of  use- 
ful applications  such  as  boosted  op  amp,  a  feed-forward,  wide- 
band DC  stabilized  buffer,  a  video  line  driver  amplifier,  a  fast 
sample-hold  with  hold  step  compensation,  an  overload  pro- 
tected motor  speed  controller,  and  a  piezoelectric  fan  servo. 

AN5      Thermal  Techniques  in  Measurement  and  Control  Circuitry 

6  applications  utilizing  thermally  based  circuits  are  detailed. 
Included  are  a  50MHz  RMS  to  DC  converter,  an  anemometer,  a 
liquid  flowmeter  and  others.  A  general  discussion  of  thermody- 
namic considerations  involved  in  circuitry  is  also  presented. 

AN6      Applications  of  New  Precision  Op  Amps 

Application  considerations  and  circuits  for  the  LT1001  and 
LT1002  single  and  dual  precision  amplifiers  are  illustrated  in  a 
number  of  circuits,  including  strain  gauge  signal  conditioners, 
linearized  platinum  RTD  circuits,  an  ultra  precision  dead  zone 
circuit  for  motor  servos  and  other  examples. 

AN7      Some  Techniques  for  Direct  Digitization  of  Transducer  Outputs 

Analog-to-digital  conversion  circuits  which  directly  digitize  low 
level  transducer  outputs,  without  DC  preamplification,  are 
presented.  Covered  are  circuits  which  operate  with  thermo- 
couples, strain  gauges,  humidity  sensors,  level  transducers  and 
other  sensors. 

AN8      Power  Conditioning  Techniques  for  Batteries 

A  variety  of  approaches  for  power  conditioning  batteries  is 
given.  Switching  and  linear  regulators  and  converters  are  shown, 
with  attention  to  efficiency  and  low  power  operation.  14  circuits 
are  presented  with  performance  data. 


AN9      Application  Considerations  and  Circuits  lor  a  New 
Chopper-Stabilized  Op  Amp 

A  discussion  of  circuit,  layout  and  construction  considerations 
for  low  level  DC  circuits  includes  error  analysis  of  solder,  wire 
and  connector  junctions.  Applications  include  sub-microvolt  in- 
strumentation and  isolation  amplifiers,  stabilized  buffers  and 
comparators  and  precision  data  converters. 

AN  1 0    Methods  for  Measuring  Op  Amp  Settling  Time 

Application  Note  10  begins  with  a  survey  of  methods  for  measur- 
ing op  amp  settling  time.  This  commentary  develops  into  circuits 
for  measuring  settling  time  to  0.0005%.  Construction  details  and 
results  are  presented.  Appended  sections  cover  oscilloscope 
overload  limitations  and  amplifier  frequency  compensation. 

AN  1 1     Designing  Linear  Circuits  for  5V  Operation 

This  note  covers  the  considerations  for  designing  precision 
linear  circuits  which  must  operate  from  a  single  5V  supply. 
Applications  include  various  transducer  signal  conditioners, 
instrumentation  amplifiers,  controllers  and  isolated  data 
converters. 

AN1 2    Circuit  Techniques  for  Clock  Sources 

Circuits  for  clock  sources  are  presented.  Special  attention  is 
given  to  crystal-based  designs  including  TXCOs  and  VXCOs. 

AN1 3    High  Speed  Comparator  Techniques 

The  AN13  is  an  extensive  discussion  of  the  causes  and  cures  of 
problems  in  very  high  speed  comparator  circuits.  A  s 
applications  section  presents  circuits,  including 
accurate  1Hz-30MHz  V  to  F  converter,  a  200ns  0.01%  sample- 
hold  and  a  10MHz  fiber  optic  receiver.  Five  appendices  covering 
related  topics  complete  this  note. 

AN14    Designs  for  High  Frequency  Voltage-To-Frequency  Converters 

A  variety  of  high  performance  V  to  F  circuits  is  presented. 
Included  are  a  1Hz  to  100MHz  design,  a  quartz  stabilized  type 
and  a  0.0007%  linear  unit.  Other  circuits  feature  1.5V  operation, 
sine  wave  output  and  non-linear  transfer  functions.  A  separate 
section  examines  the  trade-offs  and  advantages  of  various 
approaches  to  V  to  F  conversion. 

AN  1 5    Circuitry  for  Single  Cell  Operation 

1.5V  powered  circuits  for  complex  linear  functions  are  detailed. 
Designs  include  a  V  to  F  converter,  a  10  bit  A-D,  sample-hold 
amplifiers,  a  switching  regulator  and  other  circuits.  Also 
included  is  a  section  on  component  considerations  for  1.5V 
powered  linear  circuits. 

AN1 6    Unique  IC  Buffer  Enhances  Op  Amp  Designs,  Tames  Fast 
Amplifiers 

This  note  describes  some  of  the  unique  IC  design  techniques 
incorporated  into  a  fast,  monolithic  power  buffer,  the  LT1010. 
Also,  some  application  ideas  are  described  such  as  capacitive 
load  driving,  boosting  fast  op  amp  output  current  and  power 
supply  circuits. 

AN  1 7    Considerations  for  Successive  Approximation  A-D  Converters 

A  tutorial  on  SAR  type  A-D  converters,  this  note  contains 
detailed  information  on  several  12-bit  circuits.  Comparator, 
clocking,  and  pre-amplif ier  designs  are  discussed.  A  final  circuit 
gives  a  12-bit  conversion  in  1 .8Ps.  Appended  sections  explain  the 
basic  SAR  technique  and  explore  DAC  considerations. 
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AN  1 8    Power  Gain  Stages  for  Monolithic  Amplifiers 

This  note  presents  output  stage  circuits  which  provide  power 
gain  for  monolithic  amplifiers.  The  circuits  feature  voltage  gain, 
current  gain,  or  both.  Eleven  designs  are  shown,  and  perform- 
ance is  summarized.  A  generalized  method  for  frequency 
compensation  appears  in  a  separate  section. 

AN19     LT1070  Design  Manual 

This  design  manual  is  an  extensive  discussion  of  all  standard 
switching  configurations  for  the  LT1070;  including  buck,  boost, 
flyback,  forward,  inverting  and  "Cuk".  The  manual  includes 
comprehensive  information  on  the  LT1070.  the  external  compo- 
nents used  with  it,  and  complete  formulas  for  calculating 
component  values. 

AN20    Applications  for  a  DC  Accurate  Low-Pass  Switched-Capacitor 
Filter 

Discusses  the  principles  of  operation  of  the  LTC1062  and  helpful 
hints  for  its  application.  Various  application  circuits  are  ex- 
plained in  detail  with  focus  on  how  to  cascade  two  LTC1062's 
and  how  to  obtain  notches.  Noise  and  distortion  performance 
are  fully  illustrated. 

AN21     Composite  Amplifiers 

Applications  often  require  an  amplifier  that  has  extremely  high 
performance  in  several  areas.  For  example,  high  speed  and  DC 
precision  are  often  needed.  If  a  single  device  cannot  simultane- 
ously achieve  the  desired  characteristics,  a  composite  amplifier 
made  up  of  two  (or  more)  devices  can  be  configured  to  do  the 
job.  AN21  shows  examples  of  composite  approaches  in  designs 
combining  speed,  precision,  low  noise  and  high  power. 

AN22    A  Monolithic  IC  for  100MHz  RMS-DC  Conversion 

AN22  details  the  theoretical  and  application  aspects  of  the 
LT1088  thermal  RMS-DC  converter.  The  basic  theory  behind 
thermal  RMS-DC  conversion  is  discussed  and  design  details  of 
the  LT1088  are  presented.  Circuitry  for  RMS-DC  converters, 
wideband  input  buffers  and  heater  protection  is  shown. 

AN23    Micropower  Circuits  for  Signal  Conditioning 

Low  power  operation  of  electronic  apparatus  has  become 
increasingly  desirable.  AN23  describes  a  variety  of  low  power 
circuits  for  transducer  signal  conditioning.  Also  included  are 
designs  for  data  converters  and  switching  regulators.  Three 
appended  sections  discuss  guidelines  for  micropower  design, 
strobed  power  operation  and  effects  of  test  equipment  on 
micropower  circuits. 

AN24    Unique  Applications  for  the  LTC1 062  Lowpass  Filter 

Highlights  the  LTC1062  as  a  lowpass  filter  in  a  phase  lock  loop. 
Describes  how  the  loop's  bandwidth  can  be  increased  and  the 
VCO  output  jitter  reduced  when  the  LTC1062  is  the  loop  filter. 
Compares  it  with  a  passive  RC  loop  filter. 
Also  discussed  is  the  use  of  LTC1062  as  simple  bandpass  and 
bandstop  filter. 

AN25    Switching  Regulators  for  Poets 

Subtitled  "A  Gentle  Guide  for  the  Trepidatious",  this  is  a  tutorial 
on  switching  regulator  design.  The  text  assumes  no  switching 
regulator  design  experience,  contains  no  equations,  and  re- 
quires no  inductor  construction  to  build  the  circuits  described. 


Designs  detailed  include  flyback,  isolated  telecom,  off-line,  and 
others.  Appended  sections  cover  component  considerations, 
measurement  techniques  and  steps  involved  in  developing  a 
working  circuit. 

AN26  A  collection  of  interface  applications  between  various  micro- 
processors/controllers and  the  LTC1090  family  of  data  acquisi- 
tion systems.  The  note  is  divided  into  sections  specific  to  each 
interface.  The  following  sections  are  available: 


Microprocessorf 

Number 

m 

Microcontroller 

AN26A 

LTC1090 

8051 

AN26B 

LTC1090 

68HC05 

AN26C 

LTC1090 

63705 

AN26D 

LTC1090 

COP820 

AN26E 

LTC1090 

TMS7742 

AN26F 

LTC1090 

COP402N 

AN26G 

LTC1091 

8051 

AN26H 

LTC1091 

68HC05 

AN26I 

LTC1091 

COP820 

AN  26  J 

LTC1091 

TMS7742 

AN26K 

LTC1091 

COP402N 

AN26L 

LTC1091 

HD63705VO 

AN26M 

LTC1090 

TMS320C25 

AN26N 

LTC1091/92 

TMS320C25 

AN260 

LTC1090 

2-80 

AN26P 

LTC1090 

HD64180 

AN26Q 

LTC1091 

HD64180 

AN26R 

LTC1094 

TMS320C25 

These  interface  notes  demonstrate  the  ease  with  which  the 
LTC1090  family  can  be  interfaced  to  microprocessors/con- 
trollers having  either  parallel  or  serial  ports.  A  complete 
hardware  and  software  description  of  the  interface  is  included. 

AN27A  A  Simple  Method  of  Designing  Multiple  Order  All  Pole 
Bandpass  Filters  by  Cascading  2nd  Order  Sections 

Presents  two  methods  of  designing  high  quality  Switched 
Capacitor  bandpass  filters.  Both  methods  are  intended  to  vastly 
simplify  the  mathematics  involved  in  filter  design  by  using 
tabular  methods.  The  text  assumes  no  filter  design  experience 
but  allows  high  quality  filters  to  be  implemented  by  techniques 
not  presented  before  in  the  literature.  The  designs  are 
implemented  by  numerous  examples  using  devices  from  LTC's 
Switched  Capacitor  filter  family:  LTC1060,  LTC1061,  and 
LTC1064.  Butterworth  and  Chebyshev  bandpass  filters  are 
discussed. 

AN28    Thermocouple  Measurement 

Considerations  for  thermocouple  based  temperature  measure- 
ment are  discussed.  A  tutorial  on  temperature  sensors  summar- 
izes performance  of  various  types,  establishing  a  perspective  on 
thermocouples.  Thermocouples  are  then  focused  on.  Included 
are  sections  covering  cold-junction  compensation,  amplifier 
selection,  differential/isolation  techniques,  protection,  and 
linearization.  Complete  schematics  are  given  for  all  circuits. 
Processor  based  linearization  is  also  presented  with  the 
necessary  software  detailed. 
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AN29    Some  Thoughts  on  DC-DC  Converters 

This  note  examines  a  wide  range  of  DC-DC  converter  applica- 
tions. Single  inductor,  transformer,  and  switched  capacitor 
converter  designs  are  shown.  Special  topics  like  low  noise,  high 
efficiency,  low  quiescent  current,  high  voltage,  and  wide-input 
voltage  range  converters  are  covered.  Appended  sections 
explain  some  fundamental  properties  of  different  types  of 
converters. 

AN30    Switching  Regulator  Circuit  Collection 

Switching  regulators  are  of  universal  interest.  Linear  Technology 
has  made  a  major  effort  to  address  this  topic.  A  catalog  of  cir- 
cuits has  Peen  compiled  so  that  a  design  engineer  can  swiftly 
determine  which  converter  type  is  best.  This  catalog  serves  as  a 
visual  index  to  be  browsed  through  for  a  specific  or  general 
interest. 

AN31     Linear  Circuits  for  Digital  Systems 

Subtitled  "Some  Affable  Analogs  for  Digital  Devotees," 
discusses  a  number  of  analog  circuits  useful  in  predominantly 
digital  systems.  Vpp  generators  for  flash  memories  receive 
extensive  treatment.  Other  examples  include  a  current  loop 
transmitter,  dropout  detectors,  power  management  circuits,  and 
clocks. 

AN32    High  Efficiency  Linear  Regulators 

Presents  circuit  techniques  permitting  high  efficiency  to  be 
obtained  with  linear  regulation.  Particular  attention  is  given  to 
the  problem  of  maintaining  high  efficiency  with  widely  varying 
inputs,  outputs  and  loading.  Appendix  sections  review  com- 
ponent characteristics  and  measurement  methods. 

AN33    Converting  Light  to  Digits:  LTC1099  Half  Flash  6-Bit  A/D 
Converter  Digitizes  Photodiode  Array 

This  application  note  describes  a  Linear  Technology  "Half 
Flash"  A/D  converter,  the  LTC1099,  being  connected  to  a  256 
element  line  scan  photodiode  array.  This  technology  adapts 
itself  to  hand  held  (i.e.  low  power)  bar  code  readers,  as  well  as 
high  resolution  automated  machine  inspection  applications. 

AN34    LTC1099  Enables  PC  Based  Data  Acquisition  Board  to 
Operate  DC-20kHz 

A  complete  design  for  a  data  acquisition  card  for  the  IBM  PC  is 
detailed  in  this  application  note.  Additionally,  C  language  code 
is  provided  to  allow  sampling  of  data  at  speeds  of  more  than 
20kHz.  The  speed  limitation  is  strictly  based  on  the  execution 
speed  of  the  "C"  data  acquisition  loop.  A  "Turbo"  XT  can 
acquire  data  at  speeds  greater  than  20kHz.  Machines  with  80286 
and  80386  processors  can  go  faster  than  20kHz.  The  computer 
that  was  used  as  a  test  bed  in  this  application  was  an  XT  running 
at  4.77MHz  and  therefore  all  system  timing  and  acquisition  time 
measurements  are  based  on  that  the  4.77MHz  clock  speed. 

AN35    Step  Down  Switching  Regulators 

Discusses  the  LT1074,  an  easily  applied  step  down  regulator  IC. 
Basic  concepts  and  circuits  are  described  along  with  more 
sophisticated  applications.  Six  appended  sections  cover  LT1074 
circuitry  detail,  inductor  and  discrete  component  selection, 
current  measuring  techniques,  efficiency  considerations  and 
other  topics. 


AN36  A  collection  of  interface  applications  between  various  micro- 
processors/controllers and  the  LTC1290  family  of  data  acquisi- 
tion systems.  The  note  is  divided  into  sections  specific  to  each 
interface.  The  following  sections  are  available: 


Microprocessor/ 

Number 

AID 

Microcontroller 

AN36A 

LTC1290 

8051 

AN36B 

LTC1290 

MC68HC05 

AN36C 

LTCI290/LTC1090 

TMS370 

AN36D 

LTC1290 

COP820C 

AN36E 

LTC-1290 

TMS7742 

AN36F 

LTC1290 

COP402N 

AN360 

LTC1290 

Z-80 

AN36P 

LTC1290 

HD64180 

These  interface  notes  demonstrate  the  ease  with  which  the 
LTC1290  can  be  interfaced  to  microprocessors/controllers 
having  either  parallel  or  serial  ports.  A  complete  hardware  and 
software  description  of  the  interface  is  included. 

AN37    Fast  Charge  Circuits  For  NiCad  Batteries 

Safe,  fast-charging  of  NiCad  batteries  is  attractive  in  many 
applications.  This  note  details  simple,  thermally-based  fast 
charge  circuitry  for  NiCads.  Performance  data  is  summarized 
and  compared  to  other  charging  methods. 

AN  38    FilterCAD  User's  Manual,  Version  1 .00 

This  note  is  the  manual  for  FCAD,  a  computer-aided  design 
program  for  designing  filters  with  LTC's  switched  capacitor  filter 
family.  FCAD  helps  users  design  good  filters  with  a  minimum 
amount  of  eifort.  The  experienced  filter  designer  can  use  the 
program  to  achieve  better  results  by  providing  the  ability  to  piay 
"what  if"  with  the  values  and  configuration  of  various 
components. 

AN39    Parasitic  Capacitance  Effects  in  Step-Up  Transformer  Design 

This  note  explores  the  causes  of  the  large  resonating  current 
spikes  on  the  leading  edge  of  the  switch  current  waveform. 
These  anomalies  are  exacerbated  in  very  high  voltage  designs. 

AN40    Take  the  Mystery  Out  of  the  Switched  Capacitor  Filter: 
The  System  Designer's  Filter  Compendium 

This  note  presents  guidelines  for  circuits  utilizing  LTC's 
switched  capacitor  filters.  The  discussion  focuses  on  how  to 
optimize  filter  performance  by  optimizing  the  printed  wiring 
board,  the  power  supply,  and  the  output  buffering  of  the  filter. 
Many  additional  topics  are  discussed  such  as  how  to  select  the 
proper  filter  response  for  the  application  and  how  to  character- 
ize a  filter's  T.H.D.  for  DSP  applications. 

AN  41    Questions  and  Answers  on  the  SPICE  Macromodel  Library 

This  note  provides  answers  to  some  of  the  more  common  ques- 
tions concerning  LTC's  Macromodel  Library.  Topics  include  hard- 
ware and  software  requirements,  model  characteristics,  and  limi- 
tations and  interpretation  of  results. 

AN  42    Voltage  Reference  Circuit  Collection 

A  wide  variety  of  voltage  reference  circuits  are  detailed  in  this 
extensive  guidebook  of  circuits.  The  detailed  schematics  cover 
simple  and  precision  approaches  at  a  variety  of  power  levels. 
Included  are  2  and  3  terminal  devices  in  series  and  shunt  modes 
for  positive  and  negative  polarities.  Appended  sections  cover 
resistor  and  capacitor  selection  and  trimming  techniques. 
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AN  43    Bridge  Circuits 

Subtitled  "Marrying  Gain  and  Balance",  this  note  covers  signal 
conditioning  circuits  for  various  types  of  bridges.  Included  are 
transducer  bridges,  AC  bridges,  Wien  bridge  oscillators,  Schottky 
bridges,  and  others.  Special  attention  is  given  to  amplifier  selec- 
tion criteria.  Appended  sections  cover  strain  gage  transducers, 
understanding  distortion  measurements,  and  historical  perspec- 
tives on  bridge  readout  mechanisms  and  Wein  bridge  oscillators. 

AN  44    LT1074/LT1076  Design  Manual 

This  note  discusses  the  use  of  the  LT1074  and  LT1076  high 
efficiency  switching  regulators.  These  regulators  are  specifically 
designed  for  ease  of  use.  This  Application  Note  is  intended  to 
eliminate  the  most  common  errors  that  customers  make  when 
using  switching  regulators  as  well  as  offering  insight  into  the  inner 
workings  of  switching  designs.  There  is  an  entirely  new  treatment 
of  inductor  design  based  upon  simple  mathematical  formulas  that 
yield  direct  results.  There  are  extensive  tutorial  sections  devoted 
tothecareandfeeding  of  the  Positive  Step-Down  (Buck)  Converter, 
the  Tapped  Inductor  Buck  Converter,  the  Positive  to  Negative 
Converter  and  the  Negative  Boost  Converter.  Additionally,  many 
trouble-shooting  hints  are  included  as  well  as  oscilloscope 
techniques,  soft  start  architectures,  and  micropower  shutdown 
and  EMI  suppression  methods. 

AN  45    Measurement  and  Control  Circuit  Collection 

A  variety  of  measurement  and  control  circuits  are  included  in  this 
application  note.  Eighteen  circuits,  including  ultra-low  noise  am- 
plifiers, current  sources,  transducer  signal  conditioners,  oscilla- 
tors, data  converters  and  power  supplies  are  presented.  The 


circuits  emphasize  precision  specifications  with  relatively  simple 
configurations.  Available  July,  1991. 

AN  46    Efficiency  Characteristics  of  Switching  Regulator  Circuits 

Efficiency  varies  for  different  DC  to  DC  converters.  This  application 
note  compares  the  efficiency  characteristics  of  some  of  the  more 
popular  types.  Step-up,  step-down,  flyback,  negative  to  positive, 
and  positive  to  negative  are  shown.  Appended  sections  discuss 
how  to  select  the  proper  aluminum  electrolytic  capacitor  and 
explain  power  switch  and  output  diode  loss  calculations. 

AN  47    High  Speed  Amplifier  Techniques 

This  application  note,  subtitled  "A  Designer's  Companion  for 
Wideband  Circuitry,"  is  intended  as  a  reference  source  for  design- 
ing with  fast  amplifiers.  Approximately  1 50  pages  and  300  figures 
coverfrequently  encountered  problems  and  their  possible  causes. 
Circuits  include  a  wide  range  of  amplifiers,  filters,  oscillators,  data 
converters  and  signal  conditioners.  Eleven  appended  sections 
discuss  related  topics  including  oscilloscopes,  probe  selection, 
measurement  and  equipment  considerations,  and  breadboarding 
techniques.  Available  August,  1991 . 

AN  48    Using  the  LTC  Op  Amp  Macromodels 

LTC's  op  amp  macromodels  are  described  in  detail,  along  with  the 
theory  behind  each  model  and  complete  schematics  of  each 
topology.  Extended  modeling  topics  are  discussed,  such  as  phase/ 
frequency  response  modifications  and  asymmetric  slew  rate  for 
JFET  op  amp  models.  LTC's  macromodels  are  optimized  for 
accuracy  and  fast  simulation  times.  Simulation  times  can  be 
further  reduced  by  using  streamlining  techniques  found  through- 
out AN48. 


Design  Notes 

DESIGN  NOTE  1 

New  Data  Acquisition  Systems  Communicate  With  Microprocessors  Over 
Four  Wires 

DESIGN  NOTE  2 

Sampling  Of  Signals  For  Digital  Filtering  And  Gate  Measurements 
DESIGN  NOTE  3 

Operational  Amplifier  Selection  Guide  For  Optimum  Noise  Performance 
DESIGN  NOTE  4 

New  Developments  In  RS232  Interfaces 
DESIGN  NOTE  5 

Temperature  Measurement  Using  The  LTC1090/91/92  Series  Of  Data  Acqui- 
sition Systems 

DESIGN  NOTE  6 

Operational  Amplifier  Selection  Guide  For  Optimum  Noise  Performance 
DESIGN  NOTE  7 

DC  Accurate  Filter  Eases  PLL  Design 
DESIGN  NOTE  8 

Inductor  Selection  For  LT1070  Switching  Regulators 
DESIGN  NOTE  9 

Chopper  Amplifiers  Complement  A  DC  Accurate  Lowpass  Filter 
DESIGN  NOTE  10 

Electrically  Isolating  Data  Acquisition  Systems 


DESIGN  NOTE  11 

Achieving  Microamp  Quiescent  Current  In  Switching  Regulators 
DESIGN  NOTE  12 

An  LT1013  And  LT1014  Op  Amp  SPICE  MacroModel 
DESIGN  NOTE  13 

Closed  Loop  Control  With  The  LTC1 090  Series  Of  Data  Acquisition  Systems 
DESIGN  NOTE  14 

Extending  The  Applications  Of  5V  Powered  RS232  Transceivers 
DESIGN  NOTE  15 

Noise  Calculations  In  Op  Amp  Circuits 
DESIGN  NOTE  16 

Switched-Capacitor  Lowpass  Filters  For  Anti-Aliasing  Applications 
DESIGN  NOTE  17 

Programming  Pulse  Generators  For  Flash  EPROMs 
DESIGN  NOTE  18 

A  Battery  Powered  Lap  Top  Computer  Power  Supply 
DESIGN  NOTE  19 

A  Two-Wire  Isolated  And  Powered  1 0-Bit  Data  Acquisition  System 
DESIGN  NOTE  20 

Hex  Level  Shift  Shrinks  Board  Space 
DESIGN  NOTE  21 

Floating  Input  Extends  Regulator  Capabilities 
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DESIGN  NOTE  22 

Mew  12-Bit  Data  Acquisition  Systems  Communicate  With  Microprocessors 
Over  Four  Wires 

DESIGN  NOTE  23 

Micropower,  Single  Supply  Applications: 

(1)  A  Self-Biased,  Buffered  Reference 

(2)  Megaohm  Input  Impedance  Difference  Amplifier 

DESIGN  NOTE  24 

Complex  Data  Acquisition  System  Uses  Few  Components 
DESIGN  NOTE  25 

A  Single  Amplifier,  Precision  High  Voltage  Instrument  Amp 

DESIGN  NOTE  26 

Auto-Zeroing  A/D  Offset  Voltage 

DESIGN  NOTE  27 

Design  Considerations  For  RS232  Interfaces 
DESIGN  NOTE  28 

A  SPICE  Op  Amp  Vlacromodel  For  The  LT1012 
DESIGN  NOTE  29 

A  Single  Supply  RS232  Interface  For  Bipolar  A  To  D  Converters 
DESIGN  NOTE  30 

RS232  Transceiver  With  Automatic  Power  Shutdown  Control 
DESIGN  NOTE  31 

Isolated  Power  Supplies  For  Local  Area  Networks 
DESIGN  NOTE  32 

A  Simple  Ultra-Low  Dropout  Regulator 

DESIGN  NOTE  33 

Powering  3.3V  Digital  Systems 

DESIGN  NOTE  34 

Active  Termination  For  SCSI-2  Bus 

DESIGN  NOTE  35 

12  Bit  8  Channel  Data  Acquisition  System  Interface  To  IBM  PC  Serial  Port 
DESIGN  NOTE  36 

Ultra  Low  Noise  Op  Amp  Combines  Chopper  And  Bipolar  Op  Amps 
DESIGN  NOTE  37 

High  Dynamic  Range  Bandpass  Filters  For  Communication 
DESIGN  NOTE  38 

Applications  For  A  New  Micropower,  Low  Charge  Injection  Analog  Switch 
DESIGN  NOTE  39 

Low  Power  CMOS  RS485  Transceiver 
DESIGN  NOTE  40 

Designing  With  A  New  Family  Of  Instrumentation  Amplifiers 


DESIGN  NOTE  41 

Switching  Regulator  Allows  Akalines  To  Replace  NiCads 
DESIGN  NOTE  42 

Chopper  vs  Bipolar  Op  Amps  -  An  Unbiased  Comparison 
DESIGN  NOTE  43 

LT1056  Improved  JFET  Op  Amp  Macromodel  Slews  Asymmetrically 
DESIGN  NOTE  44 

A  Single  Ultra-Low  Dropout  Regulator 
DESIGN  NOTE  45 

Signal  Conditioning  For  Platinum  Temperature  Transducers 
DESIGN  NOTE  46 

Current  Feedback  Amplifier  "Do  s  and  Don't's" 
DESIGN  NOTE  47 

Switching  Regulator  Generates  Both  Positive  and  Negative  Supply  with  a 
Single  Inductor 

DESIGN  NOTE  48 

No  Design  Switching  Regulator  5V,  5A  Buck  (Step  Down)  Regulator 
DESIGN  NOTE  49 

No  Design  Switching  Regulator  5V  Buck-Boost  (Positive  to  Negative) 
Regulator 

DESIGN  NOTE  50 

High  Frequency  Amplifier  Evaluation  Board 
DESIGN  NOTE  51 

Gain  Trimming  in  Instrumentation  Amplifier  Based  Systems 
DESIGN  NOTE  52 

DC-DC  Converters  for  Portable  Computers 
DESIGN  NOTE  53 

High  Performance  Frequency  Compensation  Gives  DC-to-DC  Converter  75u.s 
Response  With  High  Stability 

DESIGN  NOTE  54 

A  4-Cell  Ni-Cad  Regulator/Charger  for  Notebook  Computers 
DESIGN  NOTE  55 

New  Low  Cost  Differential  Input  Video  Amplifiers  Simplify  Designs  and 
Improve  Performance 

DESIGN  NOTE  56 

3V  Operation  of  Linear  Technology  Op  Amps 

DESIGN  NOTE  57 

Video  Circuits  Collection 

DESIGN  NOTE  58 

A  Simple,  Surface  Mount  Flash  Memory  Vpp  Generator 
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Applications  on  Disk 

NOISE  DISK 

This  IBM-PC  (or  compatible)  program  allows  the  user  to  calculate  circuit 
noise  using  LTC  op  amps,  determine  the  best  LTC  op  amp  tor  a  low  noise 
application,  display  the  noise  data  for  LTC  op  amps,  calculate  resistor  noise, 
and  calculate  noise  using  specs  for  any  op  amp. 

SPICE  MACR0M0DEL  DISK 

This  IBM-PC  (or  compatible)  high  density  diskette  contains  the  library  of  LTC 
op  amp  SPICE  macromodels.  The  models  can  be  used  with  any  version  of 
SPICE  for  general  analog  circuit  simulations.  The  diskette  also  contains 
working  circuit  examples  using  the  models,  and  a  demonstration  copy  of 
PSPICE™  by  MicroSim. 


FILTERCAD  DISK 

FilterCAD  is  a  menu-driven  filter  design  aid  program  which  runs  on  IBM-PCs 
(or  compatibles).  This  collection  of  design  tools  will  assist  in  the  selection, 
design,  and  implementation  ofthe  right  switched  capacitorfiltercircuitforthe 
application  at  hand.  Standard  classical  filter  responses  (Butterworth,  Cauer, 
Chebyshev,  etc.)  are  available,  along  with  a  CUSTOM  mode  for  more  esoteric 
filter  responses.  SAVE  and  LOAD  utilities  are  used  to  allow  quick  performance 
comparisons  of  competing  design  solutions.  GRAPH  mode,  with  a  ZOOM 
function,  shows  overall  or  fine  detail  filter  response.  Optimization  routines 
adapt  filter  designs  for  best  noise  performance  or  lowest  distortion.  A  design 
time  clock  even  helps  keep  track  of  on-line  hours. 


SWITCHERCAD  DISK 

SwitcherCad  is  a  powerful  design  tool  that  significantly  eases  the  task  of 
selecting  topologies,  calculating  operating  points,  and  specifying  component 
values  and  part  numbers  for  DC-to-DC  converters.  It  can  cut  days  off  of  the 
design  cycle  by  eliminating  the  process  of  wading  through  multiple  data 
sheets,  application  notes,  and  magazine  "cookbook"  articles  searching  for 
answers  in  a  field  where  the  user  may  have  little  familiarity.  SwitcherCad  runs 
on  IBM-PCs  and  compatibles. 
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1711  TECHNICAL  BOOKS  ORDER  FORM 


$10.00 


$20.00 


Linear  Databook  —  This 
1 ,600  page  collection  of  data 
sheets  covers  op  amps, 
voltage  regulators,  references, 
comparators,  filters,  PWMs, 
data  conversion  and  interface 
products  (bipolar  and  CMOS), 
in  both  commercial  and  military 
grades.  The  catalog  features 
well  over  300  devices. 
$10.00 


Linear  Applications 
Handbook  —  928  pages  chock 
full  of  application  ideas  covered 
in-depth  through  40  Application 
Notes  and  33  Design  Notes. 
This  catalog  covers  a  broad 
range  of  "real  world"  linear 
circuitry.  In  addition  to  detailed, 
systems-oriented  circuits,  this 
handbook  contains  broad 
tutorial  content  together  with 
liberal  use  of  schematics  and 
scope  photography.  A  special 
feature  in  this  edition  includes  a 
22-page  section  on  SPICE 
macromodels. 
$20.00 


Monolithic  Filter  Handbook 

—  This  232  page  book  comes 
with  a  disk  which  runs  on  PCs. 
Together,  the  book  and  disk 
assist  in  the  selection,  design 
and  implementation  of  the  right 
switched  capacitor  filter  circuit. 
The  disk  contains  standard 
filter  responses  as  well  as  a 
custom  mode.  The  handbook 
contains  over  20  data  sheets, 
Design  Notes  and  Application 


$40.00 


$40.00 


Please  send  me  copies  of  your  Linear  Databook  at  $1 0.00  per  copy. 

Please  send  me  copies  of  your  Linear  Applications  Handbook 


at  $20.00  per  copy. 

Please  send  me  copies  of  your  Monolithic  Filter  Handbook  at  $40.00  per  copy. 


Please  send  me_ 
free  of  charge. 

Enclosed  is  my  check/money  order  for  $ 


_  copies  of  your  Reliability  Assurance  Program  Brochure 


to  cover  costs  and  mailing. 


Ptease  return  a  copy  of  this  completed  order  form,  together  with  your  check  or  money 
order  to: 

Linear  Technology  Corporation 
1630  McCarthy  Boulevard 
Milpitas,  CA  95035-7487 

Please  bill  my  VISA/MasterCard: 

VISA   MasterCard  


Account  Number: . 
Expiration  Date:  _ 
Signature:  


Requests  by  mail  require  6  to  8  weeks  to  process. 
Mailing  Address: 

Name   Title  


Company_ 
Address  _ 


M/S 


Zip_ 


City  State  

To  save  time,  call  us  with  your  VISA  or  MasterCard  number  — 
(800)  637-5545. 


Reliability  Assurance 
Program  Brochure  —  A  16 

page  brochure  accompanied  by 
a  Reliability  Data  Pack.  The 
brochure  describes  LTC's 
approach  to  reliability  planning, 
manufacturing  process  control 
and  reliability  assessment.  The 
data  pack  contains  actual  test 
results  and  failure  rate 
calculations  for  all  device 
families  and  package  types. 
Free 


Free 


15-71 


NOTES 


15-72  JJU 


